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ABBREVIATIONS 


ftq, «• 

ilm. ■> m atmoipharp(i) 

at vol. m atomlQ to 1 uiii 0 (i) 
at wt, « atoaole i?alghb(») 

I^pr^K » abaolule dagceaB of tamparatmi 
b,p. m boUlng pdnt(B) 
m oantlgrada dagraaa of tompmtaia 
ooafi. coifflolont 

ooxui. ■* oonoonliYated or oonoe&tratioii 

dU. - dUute 

eq. equivalBotfa) 

f.p. >■ freesing pomt(B) 

m.f, » malting point(i) 



mol. ht. m moleonlar heatfa) 
mol. Tol. ■■ molaoular voliim6(B) 
mol. wt moleoulor w6iglit(B) 
presfl. B pre88iire(8) 

Bat. « Batmated 
Boln. ^ Bolution(B) 

Bp« gr. ■« Bpeoiflp grarity (grayitloa) 
sp. ht w Bpeolfio faeai(B) 

Bp. TOl, « apeoido TDlQma(B) 
tamp, -i tampaxature(B) 

Tap. » Tapoui 

In the eross references the first nomber in clarendon type is the number of the 
volume ; the second number referB to the chapter; and the succeeding number refers to the 
" I," seotion, Thus fi* 38, 2i refers to { 24, chapter 88, volume 5. 

The oxides, hydrides, halides, Bulphides, sulphates, oarbonatea, nitrates, and phosphates 
are ooDSidered wi& the basio elements ; the other compounds an taken in connection with 
the aoidlo element The double or complex salts in conneriion with a given element include 
those associated with elomentB previously diBcusaed. The oarbideg, sUioideB, titanides, 
phosphidSB, arsenides, eto., are considered in connection with carbon, ailioon, titanium, etc. 
The intermetaUlc compounds of a given element include those associated with dements 
previoualy considered. 

The use of trianfttlar diagrams iot representing the properties of three-component 
Bystems was suggested by 0. 0. Htokes (iVoe. Roy, Soc., 49. 174, 1891). The method was 
immediately taken up in many directions and it has proved of great value. With practice it 
becomee la useful for reprebenting the properties of ternary mixtures as squared paper is for 
Unary mixtures. The principle of triangular diagrams is based on the fact that in an aqnl* 
lateral triangle the turn of the perpendicular distances of any point from the three sides is 
a oonitanti Given any three Bubstauces i, B, and C, the oomposition of any poiaible 
BomUnaUen of theea can be repreiented by a point iu or on the triangle, The aj^ces of the 

is 



t irntwaton 

Miqi^ Mpmwt Oa sloglia oomi^eato i, It, ini (7, tlia tltoat 
ttuivtaMff of il and B, B md C.or Oiadij oud pobta witUii ttio iiiiiaila ^mnatf ttlxtaLM. 
fEboempoaitbiu of tho mhituoa ovi bo zapiomlod io poNontogoa, qg loEeitad to on^, 10, 
oto* la 3^. Ir^on i wiU be npnMted byo point Id UiOifttiiUttkedi. IflOObitbi 



itendard of reference, tbe point A reptMentfl 100 per cent, of il end nothing elae ; ulxfenNi 
oontiinlng 80 per cent, of A are represented by a point on the line 66, 60 per cent, of i by e 
point on ^e line 66, etc. Similarly with B and C— Figs. 8 and 9 respectively. Oomblna 
Figs. 1, 9, and 8 into one diagram by superposition, and Fig. i results. Any ^nt in this 



diagram, Fig, 4, thus represents a ternary mixture. For instanoe, the point M represents a 
miiiuiB containing 20 per cent, of A, 20 per cent, of B, and 60 per oent. of C, 



CHAPTBE XLIX 

mirnsN 

{ 1« Ua OompQdtion ol ibe 

Tlien an, I baUeye, few maiiinB in phikiwpby that have laid firmer hold updA the mind 
than tliat air, meaning etmoapherioal eir (£Me from vartoue fereign mattera, which wen 
alw^« mmoetd to be diaaolved, and intermind with it), ia a aunple alementeiy aabitaiuwt 
indeitnutible and unalterable, at leaat aa much ao aa water u auppoaed to be.— J. Pumiicr. 

The air oontributea to ao gnat a number of chemical phenomena, by the oomblnatiom 
which it forma, that it ia important to have a ptedae idea of the paita which oon^oM it^ 
and of the proportions in whioh Ita dementa are found.— C. L Biaxsouiz. 

The view of ihe aaoient Greek philoaopheis in legstding air as one member of 
their quaternary ayatem of elementa ; the history of the recognition of gases ; the 
discovery that air has weight and exerts a pressure ; and the discovery that air 
contains two dominant elements— oxygen and nitrogen— have been all discussed 
in the first volume of this work. M. E. Chevreul ^ wrote aur fes mant^ iivena 
iont Voir a mnsage dmi sss relatmi am la comfotiHon da corps. In the eighteenth 
century, the evaporation of water into the atmosphere, and the condensation of 
water from the atmosphere, seem to have been an adequate proof of the mutual 
convertibility of sir and water. This hypothesiB was advocated by J. B. van Hel* 
mont, and it has been previously described (1. 3, 7). B. Boyle inclined to the 
same belief. Isaac Newton said tUt “ heat convorte water into vapour which is a 
kind of air ” ; and J. f . de Machy, and J. T. Eller held sunilar ideas, J. A. de Luc 
also said that electricity converts water vapour into common air, and this again 
into water ; and he added that only in this way is it possible to explain the 
formation d clouds. 

In a letter to R. Boyle ^ in 1678, Isaac Newton supposed that atmospheres of 
fither surrounded the particles of bodies which produce cohesion, varying with the 
distances, at great distances ; and repulsion, at smaller distances ; and added : 

Hw particles of vapour, oidialations, and air do aland at a distance from one another, 
and lee^ from one another ae the presaore of the incumbent atmosphere will let them; for 
I conceive ttie confused maaa of vapours, air, and exhalations whii^ we call the atmoapheici 
to be nothing else but the particles of all aorta of bodies of whioh the earth conoata, aeparated 
from one another and kept at a distance by the said principle: 

In the seventeenth century, Robert Boyle also said ; 

The air is a confused aggregate of effluviums from sucli difieting bodies, that, thoo^ 
thD7 all agree in constituting by their minuteneas and various motrona one great maaa of 
matter, yet perhaps Utere ia scarcely a more hoterogeneoua body in the world. 

These words forcibly impress the fact that air is a mixture of several difierent 
gases— oxygen and nitrogen along with much smaller quantities of ammonia, and 
^et nita)|sen eompounds; hydrogen; hydrocarbons; hydrogen dioxide; 
carbon dioxide ; snlpW componnds ; organic matter ; chloridea ; oxone ; water 
vapour ; and the noble or inert gases— argon, helium, krypton, neon, and xenon. 
The mote carefully the composition of the atmosphere is examined, the more do 
we realiie the application of Boyle's words. 

Boqiended solidi in the fom of dmt an also common in air ; thus, the outeido 
youm 1 B 



J ' IHOROAjnc AITD TfiBOUBnOAL CtDQllBI&Y 

•ir laLondim toiKtaiiu to US^paitiolM pet o^e., wldloiiuide » toon 

M M 3,000,000 per 0.0. bare been oounted, The ait om lihe Pamflo Ooaaa. 
has been rqxated to have 280 to 2200 pet O.O. The duet eontest of the afcmoqiiieia 
has beea ezaauoed by H. H. Kimball and L P. Ha^, ete. A poitilon d the doet 
appw to be of meteoric or extra-tenestrial origm. A. B. Notdenakjflid,* and 
Q. /naaandier fonnd a dark biotm dnat on snow, eto., and it contained oonatitnenta 
like niokd, iron, phoqihides, eto. A. von Laaanlx found no free inm in eome dust 
oolleoted at Catania ; but he did observe the presence of quarts, mica, felspar, 
maipsetite, angite, and diatoms. 0. IHssandiw found silica, cahanm caibooate, 
alumina, iron chlorideB and sulphates, and ammonium nitrate m atmoq>herie 
idust ooUBCted on snow. For two or three years after the eruption of Erakatoa in 
1883 ; after the eruption of Mount Pd^e and Santa Maria in 1902 ; and after the 
eruption of Eatmai in 1912, a reddish-brown corona was sometimeB observed as if 
it were around the sun. The phenomenon, known as Bidhop'i ring, was produced 
by the diffraction of sunlight by particles of volcanic dust in the upper r^ons of 
the atmosphere. The phenomenon was discussed by J. M. Femter, and W. J. Hum- 
phreys. According to J. Aitken, dust of cosmic or terrestrial oripn fumiahes 
nuclei about which drops of rain are formed (1. 9, 6). F. 0. Anderegg and 
K. B. MoBachron showed that the fog formed when air containing osone is passed 
throng an absorbent soln., is chiefly caused by hygroscopic nitrogen pcntoade. 
According to J. J. Nolan ; 

The ohief evil of a polluted atmosphere is not the wsUietio horror of the emolte cannpjr, 
the grimy buildings and the stunted vegetation. It is not even the inspirution of dirty 
air— even though m the ooune of twenty-four houis of a haavy smoke fog, the dweller in 
London breathes in 600,000,000,000 partiolos of suspendod matter. The crime is the 
QUtting off of sunli^t. 

The duBfc which is earned down with rain, hail, or snow has been analysed by many* 
W. Stark, A. F. Wiegmand, W. L. Zimmermann, K. Brandes, C. Bortels, J. D. Bohlig, 
etc., noted the presence of calcium salts^hiefly sulphate— in rain-water; 
Je Giiardin, in hail-stones ; and A. F. Wiegmand, in snow-water. The last named 
also noted the presence of phosphates in atm. dust — vide infra, chlorides, etc. 
Aa Ditto, and W. N. Hartley and H. Bamage have disoussed the ocourrenoe of 
metals as well as meteoric dusts in the atmosphere. 

Various lands of micro-organisinfl, spores, etc., abound in the lower strata of 
the atmosphere. These may cause putrdactions, fermentations, and pathological 
phenomena of great hygienic importance. In 1744, Q. Berkeley said : 

Nothing ferments, vogetatea, or putreflee without air, which operates witli all the virtues 
of the bodue inoludsd in it. The air, therefore, is an active matt of numberless different 
principles, the great souroes of corruption, and generation ; on the one hant^ dividing, 
abrading, and canying off the particles of bodies— tliat is, cornipting or dissolving them- - 
on the other, pmduclng new onos into being* dostroying and bestowing forms without 
inteimisflion. The seeds of things seem to be latent in the air, ready to pair and produce 
their kind whenever they light on a proper matrix. The extremely amall seeds of ferna, 
mosses, muahrooma, and some other plants are concealed and wafted along in the air, every 
part whereof aeema replete witli seeds of one kind or other. The whole atmosphere seems 
ahve. There ia everywhere add to corrode, and seed to engender. 

The purification of air from matters in suspension has been discussed by 
lie Pasteur, J. Tyndall, E. T. Chapman, F. Miquel, W. Spring, F. Schuk, eto. 
Air may be froed from dust partides, eto., in suspension by ^tration through 
biscuit earthenware, asbestos, or cotton wool. When a beam of sunlight is passed 
throng unfiltered air, it reveals a mnlritudo of motes constantly in n^on. 
Lucretius, in his De wxJtv/ra rerum (2. 113, 60 B.O.), has given a very vivid desoriution 
of the phenomenon. With filter^ air, there is no such effect, and J. Tyndall said 
that such air is uptiedUy empty. F. 0. Bice showed that in a number of reactiema-^ 
a.g. the ozidation of soln. of sodium arseniie or sulphite, the decomposition of 
hydrogen diozi^ etc.— tiie suspended duet in air acts as a catalytic agent 
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Ihl ^OIMltaiail wtto.r4kimB of the eady mcken belienred that the 
fmmntioQ ^ omen aad nitrogea in ait Taried «ith teepeot to plaoe ajid time, aa 
andi «a inth the etate of the veather. The analywa cd C. W. Bcheele,* 
JL. li. LaToiaitt, H. Caxreadiah, J. Dalton, J. L. Gay Luaeao and F. H. A. yon 
Homboldt, U, Da^, J. FriestW, and N. T. de ^naante lendned it highly piobable 
that no eenaible dificmoe ia to be found in the propoitinu of theae tm alementa in 
air ofdleoted in didetent looaHtiea, and this is oonftttned by analyeea condueted nu»e 
ligttroiuly, tnth all known nfinements. As C. L. Berthollet teoognued in 180S, 
it appeaia that the yariatious leported by the early ohemiats were solely due to the 
onoertain action of the abeorbenta employed for removing oxygen from a mixtnre 
of that gaa with nitrogen— vide the preparation (d nitrogen. 

In order to obtain a thorough knowledge of a great number of phenomena, aaid 
C. L. Berthollet, B it is important to aacertain, with all pieeimon that can be attained 
what are the proportions of oxygen and nitrogen which enter into tiie oomposition 
of the atm. A. Ledno calculated the oompositiou of ait from the ap. gr. of oxygen 
and nitrogen referred to air unity. Air may be analysed grayimetii^y m volu- 
metiioally. Histoncally, volumetric method were developed before tire mvi- 
metric. In the gravimetric procpases, the dried air freed from carbon dioxide 
is passed over hot copper (J. B. A, Dumas and B. J. D. Boussingsalt), or heated 
reduced iron (C. Brunner). The gravimetric aualysia of air was made by C.Bruiinet 
in 1633. N. Laakowsky, and B. Votvor, in 1813, weighed the oxygen absotbod by 
dry phospboma, and measured the voL of the nitrogen. J. B. A. Dumas and 
J. B. J. D. Bonasingault absorbed the oxygen by heated copper, w^hed before and 
after the absorption ; tho nitrogen was coUected and weighed. They found that 
tho ratio of the amount of oxygen in air is to that of the nitrogen as 3-682 ; 12-373, 
that is as 22-92 : 77-08. As a mean of six determinations they obtained 23-005 
gnns. of oxygen per 76-996 grms. of nitrogen. The gravimetrio process ia very 
exact. The error need not exceed O-OOOOlth part of the whole ; but the experi- 
ment requires sperial apparatus, and occupies much time. A similar method 
was used by J. S. Stas, J. C. G. de Marignao, B. Lewy, H. St. C. Deville and 
L. Grandeau, etc. 

In volometrio processes, the oxygen is usnaUy removed from the nitrogen by 
absurbeuts which should not disengage any gas, and which should have no action on 
the residual nitrogen. F. Fontana, 1774, and M. Landiiani, 1775, investigated the 
subject, and the latter first applied the term eudiometer to the instrument devised by 
the former. J. Priestley, and C. W. Scbeele, almost simultaneously, determined tho 
quantitative composition of air, but the latter, in 1778, first attempted a systematic 
study of the composition of air over extended penods of time, He absorbed the 
oxygen by exposing a confined vol. of air to a mixture of iron filings with half its 
weight of powdered sulphur ; he found this mixture to be more satisfactory than a 
soln. of iwtosBium sulphide or calcium polysnlphide later employed by A. de Marti, 
L. B. G. de Morveau, J. F. Berger, A. Uendeison, J. L. Gay Lussac, F. C. Achaid, 
J. de Fontaaelle, J. Dalton, and M. P. Moyle. In J. Priestley’s method of analysis, 
nittio oxide was gradually added to a measured vol. of air, in the presence of alkali- 
lye ; the niiiogen peroxide formed by the union of nitric oxide and oxygen was 
absorbed by the liquid. The residual nitrogen was measured. This method of 
analysis was used a great deal about the beginning of the nineteenth century. Thus, 
F. FontaQa, M. Loudriani, J. H. de Ibgellan, J. Dalton, A. L. Lavoisier, N. T. de 
Saussnre, J. A. WanklyU and £. T. Cooper, J. Ingenhotus, J. 0. B. von Breda, 
J. A. Boherer, D. A. Kroidcr, A. de Marti, F. H. A. von Humboldt, eto., employed 
this method ; and H. Caveuilish ia said to have made over 600 analyses this 
method before 179Q. A, Seguin, and J. F. Berger discussed the errors uf the 
method. D, A. Ereider passed a mixture of air and nitric oxide tiirough a soln. of 
hydriodie acid, and detennined, by titration, the iodine liberated. L. W. ‘V^nkler, 
and G. W. Chlopin determined the oxygen by treating ait with manganous oxide in 
the presence of a aohi. of potsssiuin iodide, and deterouned the iodine by titration. 
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INOBaiNlO AND THBOBBTIOAL OHEIOBTRY 

H, Dftvy. Mid W, dUmiuad W. H. Bmi mpbyttd » ioIq. of fammi iuI|iMiMt^ with 
nltrio oxide. A, X>iiMBqoier temored the pxypfjUk bjr duddng o ooofiaed w. of air with 
fresto precipitated invouB or manmunia hyiiroXlile ; L. L. do Konmok, 0. Bnumer, aiMl 
W. FOjmtp ferrouB hydroxidB j 0. W. 6ohfiele> finely divided iron, etc . ; N. T. de fiaunure, 
floely divided lead, or oopper tumingp laoiitaxiea trith aulphiirio or hydrodilorie acid ; 
N> T. da Baiimre, lead-waate ; K. Bmiiibld, burning plumbiferoua tm-foil ; W. Bolton, 
almnuduu amalgiun ; £. Ebennayer, A. T. Kupfier, A. von Vogd, L. Spallanaaoi, 
G. A. Giobert, J. B. Biot, H. E. Wataon, P. OonfigJiaehi, J, F, Bwger, G. F. Parrot, 
C. L, Bertholletp A. L. Lavoisier, A. de M^, F. 0. Aohard, A. Seguin, J. J. BenaliiUi 
A. von Batungartner, A. Magnus-Levy, F. A. C. Qien, F. Laulanie, W. HempeJ, 
and A. Leduo, phosphorus ; S. Dumoulin, J. B. J, D. l^ussingault, E. Turner, and 
A. F« E. Degen pamod the air admixed mth hydrogen over spongy platmiim ; and 
W. B. Qfova found an eleotrioally heated wire acted as well aa spongy platmum. J. von 
Liebig, J. Sohiel, 0. Speck, R. A. Smith, F. Q. Benedict, W. 0, Atwater and F. Q, Benediol, 
I. Ilaoagno, J. S. ttaldaoe, A. Eiogh, A. Pdooul, A. Jaqiiet, H. Beboul, B. Stahehn, 
A. Gigon, A. Durig and K* Ztintz, K. Sondda, F. 0. Calvert, 8. GHoes, J. B. J. D. Boussiiigault, 
W. Hempel, and B. Tacke, absorbed the oxygen by ehaking the air with an alkaline sola, 
of pyrogaUol ; soln. of tannic and gallic adds were also found to be good QX 3 rgw absorbents. 
An ammoniacal soln. of cuprous omoride has been tried by G. W. Soheele, D, B. T. Munoa de 
Luna, T, Sclilfising, and M. P. L. M. Doyoie, as an oxygen absorber ; and a hj^ohloric 
acid soln. of ohiomous chloride, by F. O. von der Pfordten, H. Moissan, N. H. Hartdiome 
and J. F. Spenw, B. P. Andenon and J. Bifie, W. Manohot and J. Hersog, and W. Hempel. 

L. G. de St. Aiutin, and 0. Pettersson and A. Hdgland employed a soln. of sodium hypo- 
sulphite for absorbing oxygen— vide also tbe work of C. Brunner, and N. Dumoulm» 

The methods employed by A. L. Lavoisier are only rough approximations. 
W. Hempd’a method, with an absorption pipette, charged with sticks of phosphoras, 
gives very fair reaultx. The air is first measured in a burette, then transferred to 
the pipette where the oxygen is absorbed, and transferred back to the burette for 
re-measurement. If the absorption pipette be charged with a soln. of pyrogaUol 
in alkali-lye, the alkaline soln. becomes dark brown, almost black, as oxygen is 
absorbed. The explosion process may also be employed. This was devised by 
A. Volta in 1774, and tested by H. Cavendish in 1784. The method can give very 
accurate results. It was used by B. Bunseu, F. von Jolly, B. F. Marchand, 
W. Henry, J. F. Berger, A. B. Leeds, B. F. Hermbstadt, W. J. Bussell, B. D. Thom- 
son, C. W. Hiiinian, J. Dalton, H. V. Begnault and J. A. Beiset, E. Frankland and 
W. J. Ward, E. W. Moiley, J, Geppert, A. Muntz and E. Aubin, T. Bohlosing, 

M. BchatomikoS and J. Bet^henoil, A. F. Bamojlofi and A. Judin, ete. 

Analyses by J. S. Stas, J. 0. 0. de Marignac, B. Lewy, J. J. Berz^^lius, C. Brunner, 

A. Huntz and E. Aubin, M, Breslauer, B. Veiver, B. Bunsen, and H. V. Begnault 
showed, as the last-named expiesskl it, that the oxygen and nitrogen in 
atm. air in temperate climes is approximately constant because the oxygen 
content was found to vary only between 20-9 and 21*0 per cent. ; but id 
hot countries, the proportion of oxygen may faU as low as 20*3 per cent. 
On the other hand, P. von JoUy, E. W. Morl^, A. B. Leeds, and I. Macaguo 
believed that deviations larger than that observed by H. V. Begnault 
ocouiied. Thus, P. von JoUy found variations between 20-477 and 21*01 per 
cent, of oxygen in the air of Miinchen ; and A. B. Leeds, between 20*821 and 
21*029 in the air of New York. W, Hempel confinned H. V. i^gnault’s conclusion ; 
and TJ. Ejeusler suggested that the incomplete desiccation of the gas in P. von 
JoUy’s experiments explained his discrepant results. A. Erogh gave 20-948 poi 
cent, of oxygen ; 79*(@2, of nitrogen ; and 0*030, of carbon dioxide. A smaU 
selection from the observed data is shown in Table L The amount of atm. 
nitrogen varies reciprocaUy with the oxygen. If oxygen be high, the nitrogen wiU 
be low, and conversely. Hence, aiter n^ng due aUowanoe for difteiences in the 
method of analysis by difieient men, it is clear that the idatiife pzoporliQiis ol 
iritrogeneiidciiFgeninibfiairafealinoBtptatiiotairi^^ W.Hempel 

could detect no fluctuation m the proportion of oxygen, and the meteorological 
state of the air, nor could E. Ebermayer find a smwer proportion of oxygen in 
the air in a forest, than in the open air. E. W. Morley found that severe dqnreeh 
eums of temp., the so-called cold-waves, are connected with the descent of air from 
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clmtidui, and tha prapnrtioa of oj^gsn tihoa fell from 21-006 to 20-867 pot 
by W. A. Btook uii Q. Bitter fraud a wistion of 0-76 per cent, in the 
oiygea oooteat of oven rural air. B. A. fimith ehowed that in erowded roonu^ 
theatree, ataUee, ooraheda, etc., there ia a ehortage of ozjgen. M. F. Hoyle ahg 
found tiiat the air of aome Ooiiiiah minee contained aa little aa If -61 per cent, oi 
oig^gan ; J. F. L. Hauamann, in one of the Harz minea found 13 per cent, of ox^|en ; 
and 0, Broohnann, an average of 19-786 per cent, of oxygen in ventilated mines 
of the Upper Harz. The minimum content of onpn in air for reapiialion and 
combualion iras diaonaaed by B. A. Smith, 0. Speck; F. dome, etc. 


Tabu I^-Ozvobit Oommm or Am vx DErnamiT LocALoma. 



Minimum, 

Mulmtua, 

ATerige. 

Authority. 

London 

20-78 

21*06 

20-B8S 

R. A. Smith 

Glasgow 1 

20-86 

21-01 

20-909 

B. A. Smith 

Palis 

20-918 

20-999 

20-960 

H. V. Result 

Manchester 

20-78 

21 >02 

20-043 

B. A. Smith 

Soottish Hills 

20-80 

20-18 

20-070 

B. A. Smith 

Heidelberg 

20-84 

20-97 

20-824 

R. Buneen 

Bonn 

20-00 

20-939 

20-922 

XT. Kieusler 

Dresden 

20-877 

20-971 

20-930 

W. Bempel 

Gape Horn 

20-72 

20-97 

20-M4 

A. Mimts and B. Aubin 

Glevelandi Ohio . 

20*90 

20-98 

20-933 

E. W. Moriey 

Boston 

20*928 

20'938 

20-032 

F. G, Benedict 


The analyaea of air are usually expressed in terms of the contained oxygen 
and nitrogen, where the nitrogen is eetimated by difierence. As indicated in 
connection with the inert gases, Lord Bayleigh and W. Ramsay showed that the 
asanmed nitrogen is really a complex mixture of nitrogen, argon, etc. A. Loduc 
estimated from the sp. gr. of the constituent gases, that the pioportiDna of oxygen, 
nitrogen, and argon in air an : 

mtiogen. OzygFD. Arson. 

Weight .... 76-S 23-2 1-3 

Volume .... 78-06 21-0 0-94 


Th 0 argon was shown by W. Ramsay and M. W. Travers to bo itself a complex 
of five inert gases^vide 7. 48, 2. Air contains the following percentage proportions 
of these gases : 


Aigon 

Neon 

Helium 

Kiypton 

Xenon 


VohuM, 
c 0‘932 
. 0-0016 
. 0-0006 
. 0 000005 
. 0-0000006 


Weli^te 

1-2S6 
O-OOi 
0*00007 
0 000014 
0-0000026 


At sea-leveli tbe principal gases present in dry air are very nearly in the following 
percentage amounts by vol. : 

X, 0| A 0O| H| ne He Er X 

78-08 20-08 0-83 0-03 0-01 0-0016 0-0,6 0-0,5 0-0,6 


The average proportion of water vapour at sea4evel decreases in passing from the 
equator to the poles, so that each of the other constituents varies proportionally. 
J. Hann > gives lor tbe average values : 






Wl 

0. 

A 

VtO 

CO, 

« 

■ 

4 

. 76-39 

80-44 

0-92 

2-08 

002 

■ 

a 

« 

. 77-32 

80-80 

0-94 

0-02 

0-08 

4 

a 

• 

. 77-87 

20-94 

0-94 

0-22 

0-03 









t INOROilQC AND THEOBBtlCUL OHSIOBTRT 

Tlien ia a little evidence indienting in tbe npper ptnta of ilie itanoeflien^ 
tbecmpoaiiacQof the uiie TOT difierent from that in tltelownstnte. Airtaheo 
at eeadevd contains nther a high er proportion irf oxygen than air at higher altitudea. 
A. Wegener enggeeted that in the ontermoet regions of the atmoe^ieie, there is a gas 
which he called ooraniiun, or geo^eormim. A. Wegener estimated that the mol. 
wt.of ooroninmisO'd; that the gas has monatomic mob. ; and that the air contains 
abont 0-00058 per cent. This gas was stated by J. Whlork to fnmish a well-defined 
green line, 1473, in the spectrum of the anrora borealis. The same qieotral lines 
—1474 and 530E^were reported by B. Nasini and oo-workois in the spectra of some 
volcanic gases ; by J. N. Lodeyer, C. A, Tonng, and W. W. Oampbw in the sun’s 
corona during a eolar edipae ; and by 0. D. Isveing and J. Dewar, in the epeotrum 
of die more volatile gases of the air. The evidence is dnnmstantial. As S. Chapman 
and B. A. Milne have pointed out, ooronium is not likely to bo present in the upper 
strata because, on account of its low density, it would probably not be letamed 
by the earth. Attempts to find such a gas have failed— 7. 48, 1. 

According to W. J. HumidiieyB, and E. Gold, the hnnMty of the air rapidly 
deoroaaes with increasing elevation to a neghgihly smaU value at about 10 Idiom. ; 
the temp, decreases uniformly at the rate of about 6 ” per Idiom, from an average of 
11” at sea-level to —65” at an devation of 11 kilom. ; and beyond that altitude, 
the temp, remains constant at —55”. The relative percentages of the several 
gaaoe in the ab— excepting water vapour— remain constant at altitudes bolow 
11 Idiom, because of vcrticid convection cuirente ; while above that elevation, the 
temp, changes but little with ascent, and the several gases are distiibutcd according 
to their mol. wts. The air not only becomes more and more rarefied with 
increasing altitude, but its composition materially changes so that the heavier 
dements predominate in the lower strata, and the lighter demente in the higher 
strata. 

Let b denote the barometric reading in mm. ; h, tlie altitude in metres ; $, the 
temp. ; and a, the coefi. of thermal expansion, approximately $ 7 -; at 0 ° ; then, with 
ordinary loganthms, 

i--=18400log(^)(l-|-ttd) ( 1 ) 

This equation is applicable to altitudes in which the compofiition of the atmosphere is 
nearly constant. The region of the earth’s atmosphere which is kept approximately 
of a constant composition extends up to the altitudes affr^cted by vigorous vertical 
convection ennents. This Icvd extends to an elevation of 11 kilom., beyond 
this up to the greatest altitude yeb reached by sounding balloonS; and presumably 
beyond this, the temp, changes comparatively little with change oE altitude. In 
this isotheimal region there can bo but little vertical movement of the atmosphere 
and the several gases can distribute themselves as if earli alone were present. The 
simple equation, dp=^pdhlH, will therefore apjily for the isothermal region^ when 
p lepresenta the partial press, of the gas under considoralioi], dh the change in 
elevation, and H the vertical height of the given gas, or its height, MBuming its 
density throughout to be the same as the imtial Icvd, necessary to produce a press, p. 
The effect of gravity is neglected because it is so very small. The integrate 
equation is more adapted for numerical computation in the form : 

, , 0-434295, - 

logp=logpo g— (A-^) (2) 

The value oi H foE each gaa ia ^ven by the expranou H^TddDaTjilSD, wbeia 
T denotes tbs absolute temp. ; the density oi diy six, and I), that of gas in 
question- both at the same pieea. and at 0”. The peioentuge distribution of the 
gases in the atm. at difierent altitudes, computed by W. J. Humpbieys from 
equations (1) and (2), js indisated in Table U; the rosults am shown 
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suaptee ef ait eoUected by 
A. Wigand from heights of 
I) blorn. (6 miles). Hie values 
at U^er altitodes have the 
gen^ naoertainty of extra- 
polated values. The subject has 
been discussed by J. U. Jeans, 

G, D. Hinciohs, E. W. Motley, 

J. Hann, E. Gold, W. J. lluin- 

J hreys, J. B. A. Dumas and 
. . B. J. D. Boussingault, 

J. F. ^nsenberg, K. L. Bauer, 

F. A. Lindemaun, G. D. Hin- 
richs, L. Vegard, A. Bateau, 

F. W. Aston, etc. According 
to 8. Cihapman and E. A. Milne, 
the presence of hydrogen in 
the upper reaches of the atm. 
is not conclusively proved, and 
they shoved that if it be 
absent, the atmosphere above 

150 kilometres is ahnost en- j_ — Diagnunmatic Beprewntstion of the. 

Utely helium. OompoBition of the Upper Atmoephera. 
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Table II.— PKnosNTAaB Dibtkibijtio» of thb Gases in the Atmosfhbeb at 
Diffekent Altitudes. 


Height, 

IdloiaBtrea. 

Total pres- 
sure, mm. 

Argon. 

Nitrogen. 

Water 

vapour. 

Oxygen. 

Carbon 

dioxide. 

Hydrogen. 

Helium. 

140 

0*0040 

_ 

0-01 

B 

■ 


99-63 

0-36 

130 

0-0016 

— 

0-04 


— 

— 

BD -55 

0-41 

m 

0*0052 


0*19 


— 

— 

99*35 

0*46 

no 

0*0050 


0*08 

0*02 

0-02 

— 

98*77 

0-51 

100 

0*0007 

— 

2-97 

0-06 

0-11 

— 

96-31 

0-66 

DO 

0-0081 

— 

0-86 

0-10 

0-49 

— 

83*07 

0*68 

60 

0*0123 

— 

32*39 

0*17 

1-66 


65*11 

0-47 

10 

0*0274 

0*03 

62-04 

0-20 

4-74 


32-73 

0-26 

60 

0*0935 

0*03 

81-33 

0*15 

7-70 


10-69 

0-10 

60 

0*403 

0*12 

86-82 

0*10 

10*17 


2*76 

0*03 

40 

1*84 

0*22 

86-43 

0 06 

12*01 


0-67 

0*01 

30 

6*03 

0-35 

84-27 

0-03 

15*18 

0*01 

0-16 

— 

20 

40-99 

0-59 

81-24 

0-02 

18*10 

0*01 

0*04 


15 

89*60 

0*77 

79-52 

0-01 

19*60 

0*02 

0-02 

. — . 

10 

166*00 

0-94 

78-02 

0*01 

20*99 

0-03 

D * Q 1 

— 

6 

405 

0*94 

77-89 

0*18 

20*95 

0-03 

0-01 

— 

0 

700 

0-93 

17-08 

0-20 

20*75 

0-03 

0-01 



Carbon dionide.— The existence of carbon dioxide in air was demonstrated by 
J. Black 7 between 1762 and 1764 ; ten years later by D. McBride ; and in 1774, 
by T. Bei^^naiu H. B, de Saussnie employed lime-water as a test J and N. T. de 
^UBSQM) alkaline-lye. The latto process was used by A. F. de Fourcroy, 
F. H. A. yon, Humboldt, B. Lewy, E. Fiankland, 1. Macagno, etc., and F. Th4nam 
weighed the barium carbonate produced by the action of the carbon dioxide on . 
har^-wa 

. Importaat ipeqibiis published by N. T« de Sauasqm, Sur (ea varMons efe Tmdo 


















S mOBQANlC AND IHBOBBIICAL CHBMIBXBY 

olmpwMn^; X B, A Dumw, 8w ToM^ normal d$ tfdr ofmo- 

iipMrifm ; W. Spring and L, Bolaad* imWoto fur Is# proporlimi# cfooids aarbonigw 
gffwl a i m# # cbm# Totr ; A* HQnto and S. Aabin» dW* 2a jsrapomofi d* oelds efatoitgae oonlemi 
dan# iW ; E. WoUi^, I7fileritaAimtfm d&er den EoAlenadur^^BAolf der fiodenli^ ; and 
BL A. X4rtta and B* F, Blakm Oanimo Anhfdirii^ o/iAa Alm^Aers. 

Bailj reports gave remarkably high Talaea for the proportion of carbon dioxide 
in atm. mr. Thna, C. Qirtanner gaye 100-200 vou, per 10,000 vob. of air; 
F. A H. yon Humboldt, 6O-1B0 ; J. Dahon, 6-83 ; and F. Th^naid, 3*97. Later 
work reduced these figume, and in 1870, 4 yols. in 10,000 was ooneidered to be the 
normal proportion in spite of the work of B. F. h^hand, who obtained 3*10; 
R. A. Bmitii, 3-36 ; T. E. Thorpe, and A Erogh, 3*0 ; and F. Schulze, 2-86-3*01 yols. 
per 10,000. It was snppoi^ that these figl^ were low owing to the proziinity 
of the sea ; bat the determinations of J. A. Beiset, etc., indicate that the pioporttoii 
Hi eaita dioiide in the atmospheilo air oa^tea about 8 yob. in 18,000t 
or, according to A Hilntzand B. Aubin, 2-B2 in 10,000 for the northern hemisphere 
and 2*72 in 10,000 for the southem. 

There is a slight increase in the proportion of carbon dioxide oyer land surfaeea 
at night which is attributed by J. von Fodor, and E. Wollny not to the cessation of 
vegetable activity, but to the ground air which is normally rich in that gas. As night 
approaches, there is a fall of temp., and the ground air, which is then warmer than 
the atm., escapes and enriches the atm. with that gas. The evidence that vegeta- 
tion, apart from ground air, reduces the proportion of carbon dioxide in the atm. 
is not very definite. The proportion of carbon dioxide in air is rather higher in 
towns than in the open country ; but the agitation and diffusion of air by winds, 
etc., prevents an excessive accumulation in any part— excluding, of course, badly 
ventihted rooms. Thus, J. A. Beiset (1882) found 3-027 vols. of carbon dioxide 
per 10,000 vols. of air in Paris ; and near Dieppe, 2-942 vols. These numbers may 
oe regarded as normal 0. Haehlial found 0*^8 grm. of carbon dioxide per 100 
litres of air in Berlin. 

In towns, during a fog, 7 or 8 vols. of carbon dioxide in 10,000 vols. of air may 
accumulate ; and in badly ventilated rooms, ten times the normal amount of carbon 
diozidemaybopresem. Thepioportion of carbon dioxide in the aim. increases during 
fogB emd mists ; the increase is slight in country districts, and very marked in thickly 
populated towns. There is generally a slight decrease in the proportion of carbon 
dioxide in the atm. when rain is falling, but there is a complication due to the effect 
of ground air. The goneral opinion is that there is an increase in atm. carbon dioxide 
when snow is falling ; there is also an increase during frosty weather, and a decrease 
during a thaw. An increase of wind lessens the proportion of carbon dioxide owing 
to the agitation and consequent intermixture of the different air strata. At a given 
spot, however, the amount of carbon dioxide may vary with the nature of the 
luiface over which the wind has previously traversed. If this happens to be water, 
there will probably be less carbon dioxide than with land which usually has rather 
more of that gas. A diminution of pressure should lead to an increase of carbon 
dioxide both over land and sea— in the former case by liberating gases from the soil, 
and in the latter by decomposing hydrocarbonates. A lowering of the tmferaturs 
abates the velocity of diffusion of carbon dioxide from the lower to the upper strata 
of the atm. ; and convenely when the temp, is raised. There are indications, more 
or less marked, of variations in the proportion of carbon dioxide with the seasons. 
The production and evolution of the gas from soil in early spring is checked in the 
summer months, and is followed in the later period of the year by an inoiease when 
vegetal activity has ceased. The effect of clouds and sunshine was discussed by 
J* A. Beiset, and A, MUntz and E. Aubin. According to W. J. Bussell, the amount 
of carbon dioxide is below the average when the weather is fine with bright sunshine. 
In the country this is assumed to arise from an increase in vegetal aotivify, and 
in the dty by a better circulation of air. The effect of altitu^ was discum^ by 
H. de Saussure^ N. T. de Saussuro, H. and A Schlagintweitk E. FranUand. 
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B. A. F, Ihiiduit, G. Bawaidiet, A. Hfinta «nd E. Anbu, B. A. Leibi and 
IL 7, BUt^i E. Bbenaayer, W. Muoat and A. Landnart^ J, A. Beuet, and F. Bohnln. 
g ^p Mi qI lilie earlier obeerran noted an inoreaM in the pioportiiai of carbon dioxide 
with moderate ^Tatioiu ; others, a decrease. Later obsetretB have been unable 
to de t e ct any di^ot diflerenoe one way or another. For higher altitndee, vide 
Myra, Fig. 1. 

AttonqptBby O.II. Brown-Sequatd and A. d*Anoiiyal,* and B. Merkel hava bean made to 
show that the dapreased toliog end uneaeinew experienced in crowded rooms ia not lolely 
due to the diminution of oxygens and inoteaae of carbon dioxide, but is rather due to tho 
Diwnoa of a volatile oiganio pouon in the expired air. Hue hmtbeBis wae oonteated by 
A. Daatie and P. Loye, A. Rnaao-Qiliberti ana G. Aleeei, D, H. wgey, B« W. Mitchell and 
J. B. BillingBs Q, von Ptofmann-WoUenhofs and K. B. Ldmmann and F. Jeeeen. 0. Wunter, 
and T. Cramer attributed the injurioue effeote to the pieeenee of nitcatee. 

B. Porta ^ oondenaed moUtuie from the atmosphere on the walls 
of a glass vessel oontsining a freezing mixture. The average amount of moisture, 
aqueous vapour, in air is rather less &an one per cent, by voL ; it may reach 1 per 
orat. in humid climes. The actual amount of aq. vapour air can cany before 
it is sat. depends upon tbe temp. The higher the temp, the greater the amount of 
moisture air can carry. Air is sat. with moisture when it contains all the water 
yap. it can retain at that temp, without condensation ; if the air is partially sat., 
it will tend to become sat. by absorbing moisture. The heat ^uired to vaporize 
the water may be supplied directly by tbe water being vaporiz^ ; or by objects 
in contact with the water. The variations m tho proportion of water in the 
atmosphere are responsible for the phenomena classed as weather. The way it 
enters tbe atmosphere, the forms in whidi it is made visible, and the manner in 
which it is precipitated from the atmosphere, are discussed in books on meteorology. 
H, Kohler has discussed the form of the water drops in fogs, basing his observa- 
tions on the coronsQ of fogs and douds. Even down to — 28°, the drops in fogs 
are spherical drops, and are not c^talline. 

The amount of moisture in miUigtams per litre in air sat. with water vap, has 
been calculated by H. C. Dibbits from the vap. press, tables of Q. Magnus, 
H. Ebert, and H. V. Begnault. Ue results by tbe latter are shown in Table III. 
Atm. air is never dry, and it is rarely sat. even during a heavy rain shower. 
According to J. H. Foynting, and 0. N. Lewis, the quantity of moisture in sat. air 
depends both on the temp, and on the press. Air under press., in conjact with 
liquid water, will take up more moisture at high than at low press. Air seldom 
contains less than 75 pet cent, of the amount which it is capable of holding \ but 
much depends on the local conditions — e.y., in the Libyan desert the air contains 
but 9 per cent, of the possible amount of moisture. 

Tabli m.— Waraar or Watbr in Satuilatbd Am from -20'’ to 
(Miluoramb per Litre). 
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The ibiQliila bnnddity of sir refers to the mass of water vapour actually 
present in unit vol., and it is determined by passing a known vol. of air over a suit- 
able drying agent— calcium chloride, phosphorus pentoxide, etc. (1. 7, 2) — and 














10 


IKOBQAKIC AVD THBOBETtOAI CHBUSTItT 


fiipding tb« iner^ in tho wciglit tho iNocatiiig agent. The zoanlta can b* 
eKmened in ii)illigtanup«T litre, granu per onUcioetae, etc. Tbeabaohiteltiuniditj 
la 100 ezprened in tenna of the pteas. extcrted by the water vaponr per unit aM»— 
dynea pet cm., millimctrea m nmu^, etc.— eince the preaa. exerted by any 
component in a uniform mixture of gaaes ia to the total preea., as the number of its 
mols. pec given vol. is to the total number of mols. in the mixture. Hence, the vap. 
ptesB. varies dirvrtly as the vapour density, or mass per unit vol. The two defini- 
tions of absolute humidity are therefore eq. for any assigned temp. Tbs 
gpeeiflc hunddityi occasionally used, refers to the weight of water vapour in unit 
weight (d mmst air. The term zdativa hnmidity, at any given temp., refers either 
to the ratio of the actual to the saturation quantity of water vapour per unit vol. ; 
or to the ratio of tho actual to the saturation press, of water vapour. The daw> 
pcdnt ia the temp, at which without rhango of press., the air is saturated : it is the 
temp, at which the saturation press, is the eame as the existing vap. press, of tho 
water. If be the dew-point, when the saturation or maxifflum vap. press, is 
ft ; and the vap, press, at % is / ; the relative humidity is //,. Again, let p mm 
denote the barometrio press . ; 9“, tho tomp. ; and/, tho vap. press. ; then, if d* be 
the temp, of a well-ventilated wet-bulb thermometer, and/ the saturation vap. press, 
•tdi", then, with temp, expressed in "C , and press, in mm. of mercury, the vap. press. 
/, at ff’, is given by the empirical formula /=/,—0'000660p(l-i-0’00115di)(d—dJ. 
Hence, when / is Imovm, the relative humidity can be calc^ated. According to 
J. Dalton’s law, P=p+/, where P reiucscnts the observed barometric press. ; p, the 
cotrraponding preaa. of dry air ; and/, the press, of the water vapour. This law is 
applicable when the air ia sat. ; if the air be not sat., then if h denotes the relative 
humidity (per cent.), P—p+hf. 

Ownc ind hyd^en dioxide. — ^Probably these substances are formed by 
electrical discharges in tho atm. as indicated in connection with the formation of 
these substances (1. 11, 2 and S). There is probably sufficient ozone in the earth’s 
atm. to be of importance with both the incoming and tho outgoing radiation. The 
magnitude of solar energy consumed by ozone is uncertain because the amoimt of 
this gas in the air is also unknown. Ozone in moist air at ordinary temp, noon 
reverts to oxygen so that only traces of it arc found in the lower atmosidiere. 
On the contraiy, in the upjHjr atmosphere where there is but little moisturo, and 
where the temp, approximates to —55", ozone is far more stable ; the extreme 
ultra-violet rays emitted by the suu, when passed into cold dry oxygen, couvert 
much of it into ozone so that, aceoiding to H. Henriut anti M. Bonyssy,!® and 
W. J. Humphreys, appreciable amounts of this gas are presumably present in 

the upper atmosphere. J. N. Pring 
estimates the ozouo in the upper at- 
niosphem to be-cq. to a layer of pure 
gas 4-2 cins. thiek, at normal temp, 
and press. Tho upper atmosphere is 
relatively rirher in ozone than air from 
lower levels. E, Ladenbnrg and 
E. Lehmanu have measnred the ab- 
^ sorption spectrum of ozone down to 
A=12^; a. E. Angstriim discovered 
solar bands Ar^4-7/z and A-^9T)fs re- 
spectively, and the observed limit of tho 
solar spectrum appears to be fixed by an ozone band of extraordinary absorptive 
power whoee manraum mwurs at about A=O i!,'54/*— wde Fig. 2. H. N. 
nmnd t he pro portion of ozone in atm, air to be greater in winter than in summer. 

ECydragw lod oontbostiUo csibon componnds.— The occurrence of hydrogen 
in ulm. ait is derived from tho sources indicated in connection with that rim mifr 
oocnirenoe of hydrogen. G. 0. Liveing and J. Dewar “ found hydrogen in distil- 
ling liquid nir. Lord Ea^leigh estimated that ono voL of hydrogen is present in 30, OQQ 



Fio, 2.— Water vapour, carbon dioxide, 
and ozone aboorption at 14‘2°. 
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trolji, of Ikir. 0. (SkudA CoTind len than one part of hydrogen in a xniOion parts o! 
flir. K. T. do Saumre fotmd hydrocarbons in atm. sir, aid this was oon&tiisd by 
J. B. X D. Bonssinganlt. B. Verver found that the air of Lyons contained (me yoI. 
of hydKMsarbon in 10,000 vols of air. W. Qmeliansky made some observatioDS 
on tile oocnrrence of methane in air. A. MUntz and E. Aubin reported the 
])resonce of methane, carbon monoxide, etc., ii^ atm. air; and A. HOntS 
found traces of alcohol in the air, and in rain-water. F. C. Phillips conU 
detect no hydrogen in atm. air; but A. Oantier found that the air in the 
neighbourhood of towns contains variable quantities of combustible carbon 
compounds, but only minute traces of these gases can be detected in the air of 
mountainous regions, and in sca^air. For instance, the air of Paris contains per 
100 litres— 194 c.c. of free hydrogen, 121 o.c. of methane, 1*7 c.o. of benzene and 
I dated hydrocarbons, and 0-2 o.c. of carbon monoxide with traoes of ol^es and 
acetylenes. A. Leduc, and Lord Rayleigh considered that A. Gfautier'a estimate for 
hydrogen is probably rather high. H. llenriet found 2 to 6 grms. of fonnaldehyde 
per 100 cubic metres of air. The presence of hydrocarbons explains the oleaginous 
charaotci of the deposits which form on roofs, Iravea of trees, etc., in towns. 
W. L. Zimmennann and others have reported on various foims of organic matter 
in atm. air, ox in rain-, hail-, or snow-water. According ta A. Qautier, the hydrogen 
in the atm. may be derived, not only from volcanic action and other well-kimwn 
sources, but also from the action of water on ancient granitic rocks at temp, con- 
siderably below a red-heat. Granite from the interior of a fairly largo block, 
powdered in an atm. of carbon dioxide and afterwards heated with dil. at 100’’ 
or with water alone at 280^, yields a considerable quantity of gas, consisting mainly 
of hydrogen, together with hydrogen sulphide, ammonia, carbon dioxide, nitrogen, 
and traces of unsaturated hydrocarbons, and sometimes traces of methane. The 
hydrogen and the ammonia are probably due to the action of water on nitrides, 
chiefly iron nitrides, although possibly some of the hydrogen may be derived from 
its action on carbides. 

Cblorme and iodine oompomids.— Rain near the sea brings down a certain 
amount of chloride derived from the sea-watei. The proportion of salt in the air 
is greatest near the sea-shore, and diminishes rapidly inland from the coast. In 
1822, J. C. Driessen wrote a memoir : De acidi muriatici prcBserUia \n aero atm- 
sphwrico. Observations on the occurrence of hydrochloric acid or rather chlorides in 
the atmosphere were made by A. Vogel, M. ^ubaudi, W. Meissner, J, von Liebig, 
and ly. A. Lampadius. J. Ualton found that at Manchester, 10.000 kgnns. of 
rain-water contain more than a kilogram of sodium chloride. R. A, Smith made 
oUervations on the chlorides in air in the vicinity of Manchester. B. Brandes 
obtained 312 kgrins. of solid matter from a million kilograms of rain-water, and found 
that tlie residue contained potassium, sodium, manganese, iron, calcium, ammonium, 
and magnesium chlorides, carbonates, and sulphates, and organic matteia. J. I. Pierre 
stated that at Caen, a hectare of land receives annually by rain sodium chloride, 
37*5 krgms. ; potassium chloride, B-2 kgrms. ; magnesium chloride, 2-5 kgrms. ; and 
calcium chloride, 1*8 kgrms. J. A. Banal estimated that every hectare at Paris 
receives the eq. oJf 13 kgrms. of chlorine by rain annually ; and E. Einoh found, as an 
average of twenty-six years' observations at Circnccsto, that 36-1 lbs. of sodium 
chloride per acre per annum were brought to the earth with the rain. The amount 
of " wind-borne ” sea salt is greatest when the wind blows from the sea. Observa-* 
tions were also made by G. Bellucci, G. C. Whipple and D. D. Jackson, A. Bobieno, 
E. L, Peck, N. H. J. Miller, J, FirovaroS, J. B. Hkrrison and J, Williams, G. Gray, 
E. 8. Bichaids and A.T. Hopkins, B. Artis, J. de Fontenelle, N. Fasseiini, J.B.Lawes 
and co-workers, and A. Gautin. Numerous other observations have Imn made 
from the agricultural point of view in sttidying the saline substances carried to the 
Bofl from the atm. by rain. F. W. Clarke has compiled Table IV showing the 
amount of chlorides precipitated on land by rain. The results are expressed in 
pounds per acre per annwii 
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iLoDording to A. Qontier, at 16^ a quantity of cUmine eq. to 0‘022 gim. of Bodinm 
rUcoide pet culne metn of air npreaenta the maxiiaum quantify of salt which sea 
air can retain in anapension. In 1877, F. Posepny, and E. Tietze dvnuned the 
atmospheric circulation of salt, and tried to show that the sodium chloride of inland 
waten is derived from this source. W. Ackroyd, and A. Mttntz advocate this view, 
and, added the latter, without this circulation of salt, the land would not he 
teidenished, and living brings would suffer. E. Dubois estimated that about 
6,000,000 kgrms. of salt are annually precipitated by rainfall on two provinces of 
HoD^. These cyclie sobs, or wind-borne salts, play a distinct part in the economy 
of nature. B. A. Smith showed that free hydrochloric acid drrived from manu- 
facturing operations is sometimes found in air of towns. A. Gautier fotmd that 
less than 0'002 mgrm. of free iodine, or gas containing iodine, is present in about 
1000 litres of dust-free air of Paris ; similuly, the dust-free air from the sea, forest^ 
or mountain districts contains no appredable quantify of iodine. No iodine in the 
form of soluble salts is present in the small particles of dust in the air. The air 
from Paris and from the sea contain respectively 0-0013 mgrm. and 0-0167 
mgrm. of iodine in 1000 litres. This iodine is probably present in small vegetable 
organisms subtended in the air. It is detected by filtering the air through glass 
wool, and afterwards fusing tiie latter with potash. Although the presenoo of 
iodine as a normal constituent of the atmosphere was denied by F. Ganigou, 
8. does, and S. de Luca, its presence was confirmed by E. Marcband, A. Chatin, 
A. A. B. Bussy, P. Thlna^ and J. Bonis— tads S. 17, 6. 

Nitngeii nddeB.— In the eighteenth century, B. Bsinazrini,i> A. 8. Ilatg^af, 
and T. Bergman observed that snow-water contains some vestiges of nitiio acid — 
vide infra, nitiio acid. As diown by F. Goppelsrfider, E. Bechi, B. A. 8mith, and 
Q. Detien, the oxides of nitrogen are probably form^ by elec^cal disoharra in 
the atmosphere. The nitrites or nitrates obtained from atm. air ate greater miring 
thunderstorms than during ordinary tain. J. von liebig, indeed, said that only the 
rain of a thunderstorm contains nitric acid, but other observers agree that nitric 
add or mtiates occur more frequently. Thus, G. Deften found that water exposed 
undisturbed to the air absorbs nitrites there existing ; and the amount so absorbed 
increases in abnost direct proportion to the time of exposure. Ftee nitiio 
add has been rq)orted in the atm. of tropical regions, but generally, the nitiio 
add is combined with ammonia. J. A. Ba^ estimated that 63-6 kgrms. of nitiio 
add fall per hectare per annum at Paris ; and A. Bineau observed at Lyons 0-3 
mgrm. of nitiio add per litre of rain in wintia ; 1-0 mgrm. in spring ; 2 mgtms. in 
summer; and 1-0 mgrm. in autumn. According to A. Livy, about 3 lbs. of 
amnumiacal nitrogen, and 1 lb. of nitric add is returned to the earth per acre per 
««iTinm with the rain. In rural districts the soil is said to reodve between 4 and 
6 lbs. of combined nitrogen per acre per annum from the rain. Observationa on 
^e presence of nitiio add or nitrates were also made by W. Enop, J. B. J, D. Bona* 
sinffsidth W. A. Lampadius, J. F. Heller, B. A. Smith, C. F. Uab^ and H. Snyder, 
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F. Goppel«r 6 d 0 r, JL Bobiem« E. Bechit 0. CSiAbrier, A. Mfink and V. Uaiicano, 
% Waringtoni J« B. HaniBon and J. WtUiama, J. B. Lams and oo-workm, oto. 
^Ue V was compiled by F» W. daiko—ouie ut/Sro— where the data are expressed in 
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pounds poT acre per annum. The occurrence of nitrous acid in air and rain was 
discussed by 0. Chabrier, F. Goppelaroder, and L. I. de Nagy Ilosva. According 
to W. Hayhuisi and J. N. Pring, the proportion of nitrons acid in atm. air varies 
from time to time, being less than 1 part in 4,000,000,000 parts of sir; the 
proportion is greater at high than at low altitudes. The ratio of the oxides of 
nitrogen in the upper to that in the lower atmosphere was found to be 2*23 : 1 at 
8500 ft. riovation, and 1*76 : 1 at 2600 ft. elevation. 

Ammonia. — ^In the eighteenth century, C. W, Scbeele noted that the mouths 
of bottles containing acids were encrusted with ammonium salts after standing in 
a room for some time ; and J. B. A. Chevallier found that ammonium salts’— 
carbonate, nitrate, nitrite, sulphide, and acetate— were present in the air of Paris. 
Other observations were made by N. T. do Saussuie, T. Bergman, B. Braudes, 
X von Liebig, J. I. Pierre, A. Schoyen, W. L. Zimmennann, C. S. Collard de Martigny, 
E. N. Horsford, G. R. Fiesruius, G. Vdle, B. Artis, E. L. Feck, P. Truchot, N. Grftger, 
H. T. Brown, F. Qoppelsroder, A. L4vy, 6 . Kemp, J. A, Wanklyn, W, Enop, 
E. Bechi, A. Scbldsiiig, A. Miintz and co-workors, H. T. Brown, J. B. Law^ and 
co-workeia, J. B. Harrison and J. Williams, and B. Warington. According to 
M. Faraday, if china clay be heated to redness and exposed to ur for a week, it 
yields a considerable quantity of ammonia when heated again, which is not the case 
when the day has been kept in a closed vessel. Tlio ammonia in the atmosphere is 
largely a product of organic decomposition, and it is returned to the earth by rain 
in the form of ammonium nitrate or nitrite, and sometimes as ammonium sulphate 
or chloride. Numerous observations have been made on the amount of ammonia 
present in atm. air, and oaiiied down by rain-water. J. A. Barral estimated that 
every hectare at Paris receives annually 15*3 kgrms. of ammonia, and A. Bineau, 
at Lyons, 68 kgrms. J. B. J. D. Boussingault observed that the most ammonia 
is present in the first part of a rainfall. Afto some days without rain, he observed 
Buccpssivdy the following proportions of ammonia per litre : 

Bain gauge 0-6 0-5*1 1-6 6-10 1(^15 16-20 20-31 mm. 

Aminonia . 3-11 1-20 0-70 0-45 0-45 0-41 0-40mgrmB. 

The proportion condensed during fogs is greater, reaching in one case 50 mpms. of 
ammonia per litre. Falling snow contains a notable proportion of ammonia ; the 
snow odlected on a terrace contained 1*78 mgnns. per litre, and that collected on an 
adjoining garden, 10*34 mgnns. per litre. This is taken to mean that ammonia 
was setnee from the soil and intercepted and absorbed by the snow. ^ A. Bineau 
obtained 70 mgnns, per litre by the melting of a hoar frost. B. A. Smith found in 
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BaduidO^? mgnii. per litre olnuintbe ooimtrj, ud 6*14 aogme. ia (]ib Unriui : 
end b Seotlui4 0*63 ncniLiix the ooimtty, end 3*81 mgrnui. in the tewa. l^tUeV 
■howe that uunoniaod nitrogen ii nsnuj in enoetie of nitno nitrogen, bqt the 
MnTerae'ie true of tropical countries. The ammonia is osnally ooHeet^ bj the 
aoida— flitrie, hydtoohloru^ or aulphnrie~-in the atmosphere and oarried to earih 
m rain or enow. 

gidglmr oonoonnda.— Snlphnrio add and solphates found in rain-water may 
be derived in part from water which is volatiluod from seas, lakes, and rivem, 
bring canned mechanically along with the vaponr ; or it may ^ formed in tiie air 
itself-mile snlphnrio add. Thus, Q. F. KoueUe,!* about the middle of the 
eighteenth century, said : 

Tt^hen one steeps a well-ditaned cloth in potadi-lye free from Bulphurio acids and exposes 
it to the air in a ]^aoe free from rain and dust, the sloth becomes wst and dry dtemately 
a great many times ; at last it boDOines dry and does not again become wet ; the potash 
with which it was imprognateds is found changed into sulphate. 

« 

Fp yon Drieasen and M. Veehof found aulpliurin acid; and. F. d’Aroot, and 
J. B, Ap Chevallier, eulphur dioxide and sulphoiic acid in the air of towns, and it 
was supposed to have been derived from the combustion of coal. B, Brandes, and 
S, da Fontenelle observed the proseixce of sulphates iu the solid residue formed by 
the evaporation of rain-water. Alkali sulphates in contact with organic matter may 
bo reduced to hydrogen sulphide ; the same gas can be produced by the putrefaction 
of organic matter ; and it ocouis among the gases given ofi by volcanoes. Sulphur 
dioxide is emitted by volcanoes, and is produced by the combustion of coal. Honoe, 
this gas {q.v,) is to be expected in the air of manufacturing districts. Thus, 
A. Liduieau reported 18 c.c. of sulphur dioxide per cubic metre in the air of Lille ; 
and 0. Haehhal found 0'0Q3281 grm. of SO 2 per lOU litres of air in Berlin. Sulphur 
compounds are present in small quantities as hydrogen sulphide, sulphujf dioxide, 
and snlphuric acid in the air of towns. The rapid oxidation of sulphur dioxide in 
the presence of moisture results in the formation of sulphuric acid or of the sulphates. 
According to R.Wanngton, about 17 J lbs. of sulphuric acid arc annually poured ” 
upon each acre of laud at Bothamsted. G. U. Bailey reported a maximum of 
0*0267 grm. of sulphur estimated as sulphur triozide in the air near the surface of 
the ground in Manchester. J. I. Fierro showed that in the vicinity of Caen, a 
hectare of land receives annually by rain, sodium sulphate, 84 kgrnis. ; potassium 
sulphate, 8 0 kgrms. ; calcium sulphate, 6-2 kgrins. ; and magnesium sulphate, 
5'9 kgimB. Other observations have been made by J. B. Lawes and co-workers, 
8. Robinet, R. A. Smith, N. H. J. Miller, G. Gray, B. Artis, and E. L. Pock. 

b air a mixtoie or a compound 0 ! oxjfg^ ftod nitrogen P— Observations by 
P, A, Guye and co-woikcrs,^B 'V^. j. Humphreys, E. W. Morley, etc., have shown 
that there is probably a very small cone, of the denser gas, oxygen, in the atm. near 
the surface of the earth--in& supra— although analyses of air collected from 
mountain tops, and balloons have not borne out this suspicion. The fact that the 
proportions of oxygen and nitrogen in air do not vary with moderate variations of 
altitude appears to have been mainly responsible for the belief that these gases are 
in a state of chemical combination. C. L. Berthollet, T. Thomson, J. Murray, and 
H. Davv at first " leaned towards the idea of chemical oombination/' and J. Gough 
added that if the particles of oxygen exist in the atm. independently of the particles 
of nitrogen, sound will be transmitted by the one gas with one velocity, and 
by the other gas with another velocity, so that at a sufficient distance away a sound 
should be heard double. The view that air is a chemical compound was persistently 
maintained until the advent of J. Dalton’s theorems in 1601 explaining the relation 
of mixed gases towards one another. J. Dalton showed that ** when two elastic 
fluids, denoted by A and B, are mixed together, there is no mutual repulsion 
oinoi^ their particles, that is, the particles of A do not repd those of B, as they 
do one another.” Li the proof, it was shown that if two kinds of air are put into 
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the flew yy^V swt omi wiihont tbe leaflfc ^^tation thitt nu|^t ndx or 

blend them wk gea difiuM tmifonoly tliroiigliiiat the othet. A Bght 

gee eaimot teat long on A heavier gee. Fartidide of one land majr ofier a loud of 
paaiive leelefauw to tiie motion of the partiolee of the other kind, and act as 
teoipoiary obstaolea in the same way as the pebbles in a stream impede the flow d 
water (L, 4, 4). The following summarises the main evidence : 

1 . Tito mportions of the oonstituents of air vary 4 Utile in difierent localities, 
but even tlw small variation is not found ^th pure dhemical compounda— law of 
constant proportionB. Hence, not sU the nitrogen and ozygen are combined. 

2 . The atomic proportion of nitrogen and ozygen in air is as 3-77 ; 1 ; this is 
approzimately as 16 : 4. Hence, if aU the nitrogen and ozygen are combined, the 
formula of the eompound is N 15 O 4 , or NOq.sa, which does not fit very wdl with the 
facts summaruied by the law of multiple proportions. A similar result is obtained 
by considering the volume-temperature reJations of nitrogen and ozygen in air. 

3. The characteristic physical properties (refractive index, absor^on of radiant 
heat, etc.) of nitrogen and ozygen are modified in air only so far as obtains when 
nitrogen and ozygen are mixed in the same proportions. The properties of the two 
gases are not ehanged so much as would be expected if a chemical compound were 
formed. Thus, J. B. Biot found that the refractive index of air is equal to that 
calculated for an eq. mixture of ozygen and nitrogen ; and J. Tyndall found that 
the amount of heat absorbed when heat rays are aUow^ to pass through a column 
of an elementary gu is much less than is the case with compounds. Thus, air, 
ozygen, nitrogen, and hydrogen have nearly the same value— say unity— whereas 
car^ monoxide has an absorptive power of 972 ; nitric oxide, 1590 ; nitrous 
oxide, 1860 ; and ammonia, 6460. A^ording to H. St. 0. Deville, if a measurable 
pliyaical property were difierent in air and in an equivalent mixture of the oon- 
stituents of air, the conclusion would foUow that air is a compound. 

4. The constituents of air can be separated by mechanical means, s.y. solution 
in water : by atmolysis ; by allowing liquid air to vaporize, when the nitrogen distils 
off before the ozygen ; and J. Dewar showed that liquefied air like liquid ozygen 
will remain suspended to a magnet in virtue of the oxygen it contains ; there is no 
separation. If, however, the liquid air bo solidified, the oxygen con be separated 
from tbe nitrogen by means of an electromagnet much as iron filings can be separated 
from brass turnings. Hence, solid air behaves like a magma whose constituents, 
nitrogen and oxygon, can be separated by a magnet. 

6 . No beat, no change of voL, or any other sign of chemical change is observed 
when air is made artifici^y by mixing the gases together in the correct proportions. 

Not one of these five reasons is in itsdi conclusive, but all, taken together, form 
a lo^ diain of circumstantial evidence which quite justifies J, W. Dobeieiner’s 
verdict: Das atmospMfische Gase ist kdne chmisc^ Yerbiniungen, Air is a 
mechanical mixture of nitrogen, ozygen, etc. 

Bxrbincbs. 

^ J. B. van Belmont, Oriatnie* or Physick Sefinedf London, 10S2 ; Orius mediieiM, Amster- 
dam, 164S ; B. Boyle, SoeftiotU ChymUt, Oxford, lOGl ; Isaao Newton, OpUcka, London, 1704 ; 
J. T, EUer, Mhk AeadL Berlin, 1, 1746 ; J. F. de Mochy, Jlecuetldeduserlaitofia pAy^ioo-eAymiqueSt 
Amsterdam, 1774 ; J. A. de Imo, /d4e« eur la mMmdoy^e, Paris, 1786 ; M. £. Chevrenl, CtSspi, 
Mend., 60. 073, 1864 ; 00. 407, 1805. 

* B. Boyl<^ Memoirejor a General Uiatory of Air, London, 1692 ; Saepicume conesmeng some 

Hidden (^ualUiu of Air, London, 1674 ; Isaao Newton, OpHch, London, 1704, * 

* J. Qiraidin, Joium. pham. Chm., (2), 26. 200, 1830 ; G. Bertels, Jtmrn. prakt. CAm., (1), 
K 60, 1842; W. Btarh, Ann. PAUL, 8. 140, 1814 ; W, L, Zimmermaim, Eaetn^e Arch., 1. 257, 
1324; J. D. Bohlig, i5., 26. 419, 1824; A F. Wii^mand, Brands^' AnA. 26. 419, 1328; 
& E Klmhsll and L F. Hand, MofMy Weather Hev,, 68. 133, 1924; F. 0. Andeiegg and 
E B. MoEiiohnm, Proc. Indiana AoaA, 176, 1822; B. Bnndes, ScAweigyer^e Jown,, 40. 163, 
1326; J. J, Nolftn, Nature, 114. 720, 1924; J. Aitken, ib., 28. 196, 384. 1881; G. Berkeley, 
fwu, Dablin, 1744 ; Pasteur, Compt. Send., 50. 302, i860 ; G. Tissandier, it., 70. 812, 1374 ; 
n. 66, 1676; 68.76,1876; P. Miqu^ i&., 66. 1652, 1878 ; J. mao, Proc. Scy.Sas.Eim.,il. 



M 


INOBGiUlO AND THSOBBTIOAL OBBUISTBT 


Al>itta,i2M;.5e^iK.»(6),8.700.l!M; A. E. Noid«iidti81d. C pm|A 
1878: Wiwn«8aAiliai2.£rafuUL.&9,lB70; uifUL, 141. 205. 1S70 i Ml. 154.1974; F.BohiilE, 
«.i n 4A7. 1836 ; W. J. HumplueyB, c;f «4e Aw, FiU]»delpbi«, 574. 1620 ; W. SpriiuL 
Ai4 7'ratiCAtm.P^-Au.l8.153,lS^ J. T^tocIaU. 1^. Aop. B.A.I&iib, 

dir md Rdn, London, 360. 1672 ; B. T. Ghopnun. Jokth. 5foe.. 28. 68. 1670 ; A. Tail 
LMgwnl»> Teddrmak'i MitL, (2). 8. 517. 1880; J. M. Pmter. MeieoroL ZeU., A 401. 1860; 
F. 0. Rioe, Jam, Amor, Chem, i5oo., 48, 2096, 1926 ; J. S. Owm. Proo. Boy, Soe,, 101. A. 18» 
1622 ; W. N. Hoitley uid B. lUmAge. ih., 68. 97. 1901 ; Chm, Noun. 8A 15L 1901. 

^ €. W. Schode. Kongl Vet, Acad, Nandi., 40. 50. 1779 ; Ztperimenio on Air and Fire, 
London, 202. 1780 ; J. Pr^tley, Experiments and ObserwUioM on DiffereiU Kinds of Air, London, 
1. Ill, 1775 ; A 379, 1777 ; 4. 267, 1779 ; A. L Uvoina. Bee, Mim, lawisier, 8 18, 154, 1785 ; 
IfAn. Acad., 185. 195. 1777 ; 486, 1782; Opueeules physiyuu et thiwmeB,Fm, 1773; H. Caven- 
diah, FmTraiu., 78. 120. 1783 ; 74. 116. 1784 ; J. Dalton, Phil. Mao., (8), 12. 158, 1838 ; Ann, 
Phil, 10. 304, 1825 ; H. DaTy, Joura. Boy. Inst., 1. 45, 1802 ; N. T. do wuaoim, Jowm, Pkys,, 
417. 470, 1798 ; Jonm. Pham. Chm., (2), 22. 340. 1836 ; BM. Univ„ A 170, 1836 ; Ann. Chin. 
Phys,, (2), 82. 219. 1836 ; J, L. Gay Liusm and F. H. A. von Humboldt, tb., (1), 58. 239, 1605 ; 
Jam. Pkys., 00. 129, 1804 ; C. L. Berthollet, Memoirss sw VEgyptpubliis pendant lee ompayna 
dn OMrat Bonaparte, Parici, 284, 1800 ; Eesai de eiaiiyue chmiyue, Paru, 1. 470, 1603. 

* J. B. A. Dumaa and J. B. J. D. Bouaaii^tilt. Ann. Chitn. Phye., (3), A 257, 1841 ; C7om|A 
Rend., lA 1005, 1841 ; U. V. Begnanlt, ib., 26. 4, 155, 1848 ; 84. 868, 1852 ; Ann. Uhim. Phye.. 
(8), 86. 385, 1852 ; B. Lowy, ib., (3), 84. 5, 1852 ; Sdin. PhO. Jowm., (2), 6A 126, 1852 ; Compt. 
Bend., 8A 345, 1851 ; J. S. Stas, ib., 14. 570, 1842; J. 0. G. de Marignao, ib., 14. 380, 1842; 
H. St. C. Deville and L. (irandoau, lA. 48. 1103, 1859 ; H. Y. Begnault and J. A. lieuet, ib., 86. 
A 1848 ; Ann. Chim. Phyn.^ (3), 26. 299, 1848 ; C. Brunner, ib., (2), 78. 305, 1833 ; Pogg. Ann., 
27. 1, 1833 ; 81. 1, 1833 ; Wifd. Ann. 27. 4. 1886; P. von Jolly, ib., 6. 520, 1879 ; B. Verver, BtiA 
Soe, Nierl., 102, 1840 ; W. Henxy, Ekmente of Experimental Chmietry, London, 1. 316, 1829 ; 
F. C. Achaid, Mim. Acad. B^lg., 01, 1778 ; G. F. Parrot, Voigt's Mag., 2. 154, 1800; GUbert's 
Ann., 10. 193, 1802 ; J. B. Biot, Gilbert's Ann., 26. 459, 1807 ; Arcueil Mim. Phys., 1. 252, 1807 ; 
A 487, 1807 ; P. Cun6gliaolu, Journ, Chem. Phys., 1. 137, 1811 ; S. F. HermbiMt, ib., iz, 283, 
1821 ; H. A. von Vogel, GiWeri's Ann., 66. 93, 1820 ; L. Spallanzani, Mimoires sur la respiration, 
Genbve, 101, 1803; G. A. Giobert, Joum. Phys., 47. 197, 1798; B. D. Thomson, Records of 
General Science, 15. 170, 1836 ; Jonm. praki. Chm., (1), 8. 359, 1836 ; B. F. March^, ib., (1), 
44. 1, 1848 ; (1), 46. 449, 1850 ; £. Tumor, Edin. PhU. Jown., (2), 11. 99, 311, 1824 ; Boston 
PhU. Joum., 2. 238, 1825 ; A. T. Bupffor, Ann. Chim. Phys., (2), 41. 423, 1829 ; J. B. J. D. Bous- 
■ingault, Compt. Bend., 67. 873, 1863 ; Ann. Chim. Phys., (3), 1. 354, 1841 ; M. P. L. M. Doyere, 
ib., (3), 2Z. 5, 1850 ; A. von Baumgartner, Med. Jahrb. (Eater. Staates, 12. 83, 1832 ; A. F,£. Degon, 
Pogg. Ann., 27. 657, 1833 ; N. Laskowsky, Liebig's Ann., 75. 176, 1850 ; J. Sohiel, tb., 103. 120, 
1857 ; £. Frankland, Jovm. Chem. Soc., 18. 22, 1861 ; E. Frankland and W. J. Ward, ib., 6. 
197, 1864 ; W. J. BusseU, tb., 29. 140, 1868 ; H. £. Watson, tb., 99. 14fM), 1911 ; D. R. T. Munoz 
de Luna, Estudios quimiaos ebbra d aire aHnosfcrico de Madrid, Madrid, 1860 ; Ann. d'Hyg., (2), 
15. 337, 1865 ; B. A. Smith, Atr and Bain ; the Beginnings of a Chemical Climatology, London, 
1872 ; Mem. Manchester Lit, Phil. Soc., (3), A 5, ; F. G. Benedict, The Composition of the 
Atmosphere with Special Biference to its Oxygen Content, Washington, 1912 ; J. Geppert, Ifte 
Gasanaiyse und thin physiologische Anwenduy nach verbesserten Mtthaden. Berlin, 9o, 1886 ; 
A. L. Lavoisier, Opusmtke pbysiquts ei chimiquea, Paris, 1773 ; Mhn. Aaad,, 186, 195, 1777 ; 
486, 1782 ; Rcc. Mkm. Lawutter, A 13, 164, 1785 ; CrtU's Chm. Joum, A 426, 1788 ; A. de Marti, 
Jowm. Phys., 52. 173, 1801 ; Phil. Mag., 9. 250, 1801 ; W. K. Grove, Phil. Trans., 135. 351, 
1845 ; S. Dumuulin, L'Inst., 19. 11, 1851 ; F. Fontana, Jkscrizioni ed usi di aleumi stromenti 
per misurar la salvlrild deU'aria, Firenze, 1774 ; J. l^riestley, Experiments and Observations on 
Different Kinds of Air, London, 1. Ill, 1775 ; A 379, 1777 ; 4. 267, 1779 ; H. Davy, Joum. Boy. 
Inst., 1. 45, 1802 ; H. Cavendish, PhU. Trans., 78. 126, 1783 ; 74. 119, 1784 ; W. H. Fepys, ib., 
67 247, 1807 ; W. Allrni and W. H. Pepys, ib., 68. 255, 1808 ; H. B. do SausBure, VoyageM Am 
ka Alpes, Neuchatcl, 1. 427, 1803 ; KT.de Sauasuro, Mim. Soc. Phys. Qenhoe, 7. 447, 1836; 
Joum. Pharm. Chim., (2), 2A 340, 1836 ; BUd. Univ., A 170, 1836 ; Ann. Cbtm. Phys,, (2), 62. 
219, 1836, Pogg. Ann., 8. 171, 1836 ; M. P. Moyle, Bep. Boy. Cornwall Polyt. Soa., 74, 1839 ; 37, 
1840 ; Phil. Mag., 16. 367, 1841 ; Ann. Chim. Phys., (3), A 318, 1841 ; W. Bolton, C^Aem. Ztg., 
18. 1908, 1894 ; G. W. I^hcele, Kongl Vet. Acad. Handl, 40. 60, 1770 ; Experiments on Air and 
Fire, London, 202, 1760 ; M. Boaenfeld, Ber., lA 2750, 1883 ; W. Hempel. ib., 18. 267, 1800 ; 
1886 ; 20. 991, 1864, 1887; Oasanalytisehe Meihoden, Braunschweig, 136, 1913; W. Flight, 
Chem. News, 46. 106, 1882 ; L Maoagno, ib., 41. 97, IBBO ; F. Glowee, ib., 7A 177, 1895 ; L. L. do 
Koninck, ib., 64. 45, 1891 ; A. Dupasquier, Ann. Chim. Phys., (3), 9. 247, IBM ; H. Moisssin, 
ib., (5), SS6. Ml, 1882 ; J. von Liel:^, IMig's Ann., 77. 107, 1861 ; G. A. Hulett, Journ. Amsr. 
Chem. Soc., 27. 1416, 1905; A. K. Leeds, Ann. Lyceum Nat. Hist. New York, 193, 1878 1 
T. SohlOsing, Compt, Bend., 66. 967, 1867 ; G. A. Vugler, Chm. Centr., (3), lA 656, 1882 ; Bieiler* 
mann’s Centr., 11. 851, 1882 ; M. Broslauer,2)eid. ATed. Ztg., A 1, 1886 ; Die chmischen Beetdaf^ 
fenheil der Luft in Brandenburg, Berlin, 1 886 ; Chmisehe Untersuchung der Luftfur hygitnisAs 
Zweoke, Berlin, 1885; G. Speck, Schnf. Gee, Marimrg, 10. 1, 1871 ; Zeit. kUn. Med,, lA 447, 
1887 ; K Dumoalin, L'Jnet., 11, 1851 ; L. G. de St. MarUn, Bull. Soe, Chim,, (2), 8A 377, 
1883 ; E. Ebermayer, Biedermann's Centr., 15. 505, 1886 ; G. Hinrioha, Compt. Bend,, 161. 448, 
1600; A.Leduo,tb.,111.262,1890; llA 129,1891; MA 805, 1896; A. Munte ud £, Anbiii, 



mXBOQBN 




»,JM.4Sl»1886f & Clotty «.,n.870,lMj J.doltete. 

U.Kmd«r» 

ltad 0 » JaM.« M* 1887 ; Ar., SD. 991. 1887 ; 0. W. Hinmui^ Amer^ Jonm Seknee, (8), 

8. 188, 1874 ; IB. W. Morky, A.* (8), 1& IBS, 1879 ; Amer. Ohm. •/mini,, 9. 1, 1881 ; t«oid 

BAVkUh «ad W. iMxmij, Phil, IVatui., 186. A, 187, 1895 ; W. lEUmtay ftnd M, W. tnmi, A., 
197. A, 47, IBOls Jiog. <800., lA 437, 1898; M. LuidrkDi, BttiereAe JlsMu iniprnoclk 
0 idubM (WoirA, Mlkno, 1776 ; J. A. Boherer, Ckiehichte der iMflgWemfimgslehri, Wkn, % 
74, 1765 ; J> H. de Magdlan, DeaeripHon vf a GIm AppartUuBifor makCng Mintrai WaUn fifet 
ihoK of Pyrnml 8 pa^ BfUur, StydaSinitz, etc,, iogcther vhih Ae LeaaripUon of aome New Sudio^ 
metera, ete., Loadoo, 1777 ; J. logonhoun, Phil. Trana., 70. 354, 1780; Vermiaehie dAriftm, 
Wien, A 441, 1784 ; UrelFa Ohm. i/mcm., 1. 215, 18M ; J. 0. B. yon Bi^, M5erf a Ami., 
19. 389, 1806 ; PM. Mag., 9. 250, 1805 ; J. L. Gey Luaaeo, Ami. Ohm. Phya., (1), 68. 75, 1805 ; 
(1), 54. 75, IM ; F. H. A. yon Humboldt, Verawie liber die ahmiaohe Zerlegwig dea hafikreim, 
Breunaghweig, 160, 1799 ; Ann. Chim. Phya., (1), 28. 123, 1799 ; OUberi'a Ann., 4. 4£l, 1800; 
J. L. Gay Luiaeo and F. H. A. yon Humboldt, Ann. t7Aim. Phya., (1), 58. 239, 1805 ; Jaum. 
Phya., 60. 129, 1806 ; J. F. Berger, A., 66. 253, 1802 ; A. Segulu, Ann. Chim. Phya., (1), 9. 298, 
1781; J. Halton, PM. Mag,{Z), 12. 158, 307, 1838; Ann. Phil, 10. 304, 1825; A. Kiogh, 
Math. Fya. Medd., 1. 12, 1919 ; 8. Ohepmen and E. A. Milne, Jonm. Roy. Meteorl. Soe., 46. 
357, 1920 ; L. B. G. de Korreau, Journ* Sad. Polyt., 168, 1796 ; Niehtdaon^s Jovm., 1. 26^ 
1787 ; A. HonderBon, A., 5. 40, 1804 ; J. A. Wanklyn and E. T. Cooper, Atr Anaiyata, London, 
35, 1890 ; A. MiigauB«Leyy, Arch, graammie Phyatol., 55. 1, 1894 ; B. Taoke, A,, 38. 401, 1886 ; 
A. Uigon, A., 140. 617, 1911 ; A. Dung, A., IIA 213, 1906 ; A. Durig and N. Zuntz, Arch. Anal. 
Phyaud. Sujyd., 421, 1904; F. LanlamS, AfcA Phyaiol , 739, 1894; M. Schatemikoff and 

J. BetHchenoff, Zetl. phya. Chenk., 18. 503, 1895; E. W. Morley, Amer. Joum. Settnee, (3), lA 
168, 1879 ; (3). 22. 417, 1881 ; 1). A. Kreider, A., (4). 2 361, 1887 ; Zetl awry. Ohm., lA 418, 
1887 ; G. W. Chlopin, Arc5. Hyg., 84. 71, 1899 ; 87. 329, 1900; A. F. Samojloff end A. Judin, 
£e Phyaiologisk Jlusae, 2. 171, 1901 ; A. Krogh, Medd. Orunland, 26. 333, 409. 1904; ffkand. 
Arch. Phyaiol., 18. 364, 1906 ; F. Tobeiaon. A., 6. 278, 1895 ; E. Chandler, The Air 0/ ihe Svbway, 
Now York, 1904 ; A. P4coul, Ann. Oba. Municipal, 4. 184, 1903 ; A. Jaquet, Vtah. Nad, Ota, 
Boaa, 15. 252, 1904; K. BtaheUu, A.. 19. 9, 1907 ; L. W. Winkler, Bar., 21. 2843, 1888; 22. 
1764, 1889 ; 0. PetteraBon and A. Hogland, A., 22. 3324, 1889 ; 0. Petteraaon and A. Palmquiit^ 
A., 21. 21, 1888 ; 0. Petteraaon, Zed. anal, Cham., 25. 467, 1886 ; K. Bonddn, Zed. Inatrbmde, 

9. 472, 1889 ; W. 0. Atwator and F. G. Benedict, A Reaptraiton Cakfimeier with AjppiiOfiaaa Jbf 
the Direct Deteminalim of Oxygen, Waabington, 1905 ; F. 0 von der Pfordten, Lidtiy'a Ann., 
226 112, 1885 ; J. fi. Haldane, The Inveaitgalum of Mine Air, London, 113, 1905 ; G. le Neve 
Furaier and J. B. Haldane, Methoda of Air Analyaya, London, 44, 1012 ; C. H. Bruckmann, the 
TuetoKufgfachen Krankhnien dea Oberharzea, Uaterode, 1851 ; J. F. L. Hauamann, Odtl Ver. Berg. 
Freunde, 8 . 11, 1837 ; H, Reboul, Hwl Min. Acad. Touhnit, A 378, 1787 ; F. A. C. Gren, Neaun 
Joum. Phyaik, 4. 363, 1797 ; J, R. Sigaud de la Fniicl, Eaaa% aur diffirentea eapScea tTair p'on 
diaigw k nom d'air fixi, Paria, 1779 ; G. Davidson, in A. Hoaaok, litatary of the TeUow Fever 
08 d appeared in the City of New Turk in the year 1795, Philadelphia, 9, 1797 ; J. J. Beiuelina, 
Bcnelwa' Jdhresb., lA 105, 1883 ; 22 44, lAl ; A. Volta, 8opra un nova evdiometro, Milano, 
1777; BrvgnakWa Ann. Cftim., 1. 171, 1790; 2. 101, 1791 ; A 36, 1792; R. Bunsen, Qaath 
mtiriache Meihoden. Biaunichwoig, 77, 1857; C. L. Borthollet. Jf^moirea aur V Egypt pfMia 
pendant Ua campngnea da (Jineral Bonrapark, Paria, 264, 1800; Eaaai de akdiqiu ehimique, Paris, 
1. 470, 514, 1803 ; Journ. Svole Polyi , 3. 274, 1797 ; 0. F I'ower. Jovrn. CAim. Phya., 11. 249, 
1913; W. J. Humphreys, Bricnre Monthly, 214, 1927; N. H. Hartabome and J. F, Bpeneer, 
Joum. Soc. Ohm, lnd.,4&. 474, T, 1926 ; K. P. Anderaon add J. Kiffe, Joum. Ind. Eng. Ohem., 
A 24, 1916; W. Manrhot and J, Herzog, Ber., 83. 1749, 1900; A. Stock and G. Ritter, Zeit. 
angeto. Ohm., 89. 1463, 1920. 

* A. Wigand, Phya, Zed , 17. 396, 1916 ; W. J. Humphreya, Phystca of (he Air, Philadelphia^ 
68, 1920; Jovm. FranlUn Inat,, 175. 207, 1913; 184. 371, 1917 ; Aalrophya. Joum., 29. 14, 
1909 ; J. Hann, Lehrhuch der Meteotohgie, Leiprig, 5, 1901 ; Meteor Zcit, 20. 122, 1903 ; Zed. 
(Ederr. Oea. Mdeorol., 27, 1875; A. Wegener, Zed. anorg. Chcm., 75. 107, 1912 ; Phya, Zed., 
lA 170, 214, 1910; E. W. Morley, Amrr. Journ. Bcienre, (3), 12. 168, 1879; Amer. Chem. 
Joum., 8. 1, 1881 ; J. F. Benzenbeig, Pogg. Ann., 81. 8, 1834 ; K, L. Bauer, A., 185. 135, 1868, 
Zeil anal. Chem,, 8. 397, 1869 ; G. D. Hinrioha, Compt. Btnd., 181. 442, 1900; J. H. Jeans, 
2^he Dynamical Theory of Qaaea, Cambridge, 315, 1904 ; BuU. Mount Waathcr Oba., A 374, 1910 ; 
E. Gold, iVoc. Boy. 800., 82. A, 43. 1909 ; L. Vegard, Phd. Mag., (6), 46. 577, 1923 ; J. N. Lodger, 
Nature, 1. 14, 1869; C. A. Young, A., 1. 17A 532, 1869 ; Amer. Joum. Science, (2), 4A 870, 
1369 ; J. Winlooki A., (2), 4A 123, 404, 1860 ; W. W. Campbell, Aatrophye. Joum., 10. 18A 
1809 ; Q. D. Liveing and J. Dewar, Boy. 8oe., 67. 467, 1900 ; R. Naaini, F. Anderliid, 
Md R, Salvadori, Baid. Acead, Linca, (5), 7. ii, 73, 1808 ; Mem. Acead. Linrei, (6), 5. 25, 1904; 
J' B. A. Dumaa and J. B. J, D. Bouaaingaulb, Ann. CAim. Phya,, (3), A 258, 1841 ; Compt, Rend., 
lA 1005, 1841 ; F. A. Liudemann, Nature, llA 105, 1926 ; 8. C^pman and E. A. Milne, Joum. 

Meteorl 80c., 46. 357, 1920; A. Bateau, Compt. Bend., 174. 1508, 1022; F. W. Aston, 
Pro^ Boy. Soe., lOA A, 462, 1023. 

' A. B. Kata, Cenir. Nahr. Qenuaa, Chem., A 108, 1896 ; ZtU. 6ffent. Chem., 8. 132, 1897 ; 
Q. L. Horotzo, Joum, Phya., 47. 203, 1708 ; E. Kisaling and M. Fli^her, Landw. JaM., 8A 
876,1881; O.WaltorriLoto.i/aliirs, 185, 1866; (Eater. Zed. MdaoH.,Si.Zld,imi J.Heimiiii^ 
VOL. Vin, 0 



IS IKOBGAinc AND THBOSSnOAt OBBHtStBI 

DvJTgMaiuliinytAaftArXi^iKi^ Mllnyafiltawt^lSSa; S. Jw<in,JM.4*ai>0^NMiAi 
8^ 189S i tt. Boitw, L'tmia flnrtoiiftp MTorw tt M web H nm, tbmm, IM I 
B. L Iirtta and B. 7. Blake, Pne, Chm. Sea, U. 18% 1896; ^ OM^ AnhjdrUt qf A« 
^AaoepAcn, Dublin, 1900 ; Soient. Proe. JSog. Da&Ba Sea, (8), 1. 107, lOQO ; BL L. Mom, A., 
(8), 1 34, 1878 ; N. von Loniia, £8<br. Ztil. MUeorA, 88. 666, 1887 ; & Lunge and A, Zedcan- 
dun, JMi, cMgew. (fhim,, 1 395, 1888 ; 8, 18, 1889 : Q. Lanfo, Zw Fngt i» FenKWea Mil 
PttiitttbHM iu mininuiriMhtn Af^aratu, ZOrioh, 1877 ; N. L Lunton, CJImi. NtM, 88. 18% 
1879 i H. Maoagno, 0., 41. 97, 1880 ; J. Morria, •&.. 87. 808, 1893 ; W. C. Oaileton, A., 78. 809, 
1897; A. WkiBhoU, A., 49. 67, 1834; D. MoRiide, Bxpmmenlal Sttay* on Ac 7«rm<jila<A» 
d 7 dUatmlaiv Muium, on Ac JValttn and Pnptriiu of Fund Air, da, Dublin, 178, 1764; 
iL F. Huehuid, Mr*, prakt. Ckm.. (1), 44. 24, 1818 ; (1), 49 467, 1850 ; E. Martini, Stnaon 
Ad.. D.&P. 44031, 1880 : A. Wolpert, A , 3D382, 1887 ; 44B22, 1688 ; Zril. ZT^., 11. 413, 1898 ; 
E. B. Mari4.DaTy, Cmpt. Bend., 80. 38. 1887, 1880 ; T. Maaoart, A., 94. 1889, 1888 ; 7. LeUane, 

A. , 14. 863, 1842 ; a Mine, A., 83. 39, 222, 1851 ; 67. 166, 1863 ; M. 8. Mennior, A., 87. 641, 
1873, A. Moiren, A., 17. 1350. 1843 ; A. Miinta and E. Aubin, A., 98. 247, 12^, 1881 ; 94 
797, 1881 ; 94 1051, 1882 ; 94 1793, 1883 ; 96. 487, 1884 ; Jteehrrchu wr la eondiMion «M< 
Mi^ de Falntoni/iert', I’arta, 1886; Ann. i'lim. Pipe., (6), 84 822, 1882; A. Segoin, A., (1), 
7. 68, 1790; (1), 9. 203, 1791 ; 5 A. Andrle, CB/tw. Ahd. 7A-A, 61. 365, 1884; G. 7. Arm- 
atrang, Proe, iAp. See., 30. 343, 1880 ; T, Oarnellry and J, S. Haldane, A., 48. 601, 1887 ; 
T. Oameliej, J. S. Haldanp. and A M. Hendnnon. Pkd. Trane,, 178. B, 61, 1888 ; J. 8. Haldane, 
Jtmm, PhjfM, 82 465. 1S98 ; J, B. Haldane andM. B. Pembtey, Plil Mag., (6), 89. 306, 1890 ; 
f%aa. Pnof, 54 266, 369, 1889 ; L. A. Arnim, (KIbert'e Ann., & 91, 1800 ; H. Porrot, A., 14 
800, 1802 ; 17. 82, 1804 j H A. run Vogel, A . 66. 93, 1820 ; 78. 277, 1822 ; C. Uirtannec, A.. 
& 79, 1800 ; 7. H. A. von Hombnldt, t6 , 4 77, 1800 ; Journ. Phjfe,, 47. 202, 1768 ; Vrrenehe 
tier die dmieeie Ztrlegunj du lAifltretere, Brannechwoig. 1787 ; 7. H. A. von Hamboldt and 
J. L. GayLuaaae, Journ. Phye., 60. 129, 1804 ; Ann. Ghim. Phyt., (1), 58. 230, 180b ; A. Hiigbom, 
ride. Stmeh. Km., 4 169, 1804 ; B Arrhmiua, PhO. Mag., (5), 41. 237, 1896 ; J. B. Biot and 
D. 7. J. Arago, A , (1), 86 301, 1806 ; Him. Inut , 301, 1806 ; B. H. Cook, PiA Mag., (6), 14. 
387, 1882 ; (6), 15. 161, 1883 ; J. P. Emmett, A., (3), 11. 225, 1837 ; J. B Uwea, A.. (6), 11. 
806, 1881 ; J. le UonA, A., (6), IS. 46, 1883 ; M. P. Md>1u. A , (3), 10. .767. 1841 ; Btp. Boy. 
Palyt. Sec. Cormiali, 74, 1830 ; 37, 1840 ; Ann. Ciim. Pig* , (3), 4 318, 1841 ; E. Frligot, A., 
(3), 44 269, 1865; H. Ballo, Ber. Math. JftOw. Ungaro, 8 ;i45, 1884; Ber., 17. 1097, 1884; 

B. Blocbmaim, A., 17. 1017, 1884; Lnb^'e Ann., 837. 30, 1887; ZiU. anal Cim, 83 333, 
1884 : H. 0. Uedmuyden. A , 85 516, 189b ; A. Lebcdinriff, A . 30. 267, 1891 ; G. £. Bentaen, 
Zdl. Siol., 14 446, 1882; H. Bitter, A, 9. 1, 1870; 7. E. Enamann, A., 18. 316, 
1876; J. Pnrater, A , 11. 392, 1875 ; E UUIerl, A , 21. 282, 1806 ; A. Behottky, A., 15. 640, 
1879; P. Rmnlnuky, A., 13. 3S3, 1877; (i. Wolffhugvl, A, 16 98, 1879; W. Hraeo, A., 18. 
396, 1877 : 14 29, 187S ; ArrA /%-, 1. 401, 1884 ; 8 381, 1885 ; M. Teich, A , 19. 38, 1804 ; 
J. tiffolmann. A., B. 202, 1888 ; W. Hrimiberg, Jmm Landie., 20. 341, 1872 ; M Marolcer, 
A., 4 402, 1870 ; T. Bergman, Jtr arido aim, Upaola, 1774 ; J. IBaek, Jjtehni on tie Sknente oj 
Ckemiilry, Kdintnu-gh, 1. 23, 1803 ; 2. 74, Ml, 1803 ; Sejariinmle upon magiieeta alia, gtnrllime, 
and oAcf aloahot nAstanrei, Eilinbuigh, 1777 ; J. Bnhuke, Pharm. ( 'entri., (2), 84 683. 1882 ; 
A. Binean, Ann. Sor Agrut Lyon, 5. 82. 1853; Mho. Acad. Lyon, 4. 33, 18M; Ann. Ckm. 
Fhys., (3), 48. 428, 1854 ; J. B. J. D. BnuMngault, A , (2), 52. 5, 1833 ; (3). 10. 456, 1844; 
Compt Bend., 1. 36, 1835 ; J, B. A. Dumoa and J. B. J. D. BouHinganlt, A., 14 1005, 1841 ; 
J. B. A. Dumas, A., 94 580, 1882 ; Brr. Snrat. /nd., 4 288, 1841 ; Ann. CTkim, Pkye., (5), 84 
254, 1882 ; J. L. Gay Luuac, A., (2), 8. 204, 1880 ; A. HDUsean, A., (5), 4 414, 1875 ; (5), 10. 
648, 1877 ; 0. Bisrlinff, Jakrb. Mtn, 725, 1840; R. Weaver, lancet, ii, 7, 160, 223, 1872; 
B Verver, Bull. Sor. KM., 101, 18M; 0. Breiting, Fiertrlj. iffnl. Bemni, 21. 222, 1870; 

T. C. von Niiya, Anier Ckrm, Joum , 4 190, 316, 1886 ; T. 0. van Niiya and B. F. Adama, A., 
4 64, 18H7 ; C. Brunner, Pogg. Ann., 24. 669, 1832 ; Ann. Ckim. Phye., (3), 8 305, 1841 ; 7. le 
Blane, A., (3), 16. 488. 1846 ; rompl. Bend , 21 64, 1845 ; B. Lewy, A.. 17. 235, 1843 ; 81. 736, 
1860 ; Ann. ('Atm Pliys., (3), B 43.7, 1843 ; (3), 17. 6, 1846 ; B Lewy and J. B. J. D. Bona< 
aingault. A., (3), 10. 470, 1844; (3), 87. 6, 1853 ; (.'ompt. Bind., 18 478, 1844; 85, 765, 1863; 

U, Hangon, A., 98. 600, 1881 ; C. A Cameron, CAem. Sriw, 80. 109, 1874 ; E. H. Dixon, A . 
84 8, 161, 1878 ; W. J. Dumiw hie, A., 39. 248, 1879 ; G W. Eliot and 7 H. Btorer, A., 4 
178, 1861 : Proe Amir. Arad., 5. 62, 1882; J. P. (SaSsaon, Ber., 9. 174, 1870; W. Ilompel, 
A., 16. 912, 1882; J. Daltim, B.A. Arp, 68, 1837; PAil Mag., 24 363, 1606; Pkd. Trane., 
114 174, 1820 ; Mm MaiithesUr LU. Phil, dor., (2), 1. 244, 1806 ; W. Hadfield, A , (2), 6. 10. 
1842 ; T. E. Thorpe, Proe Maorkeskr Lif. Pktl. Sor., 5. 33, 160, 1866 ; 4 69, 65, 1807 ; Jown. 
Ohenk Soe ,30. 189, 199,1867 ; D. K. 3'. Muouz tMMJia,Seluimgumitoeobraelam<Unioiftrito 
de Madrid, Madrid, I860 ; Ann. d'llyg., (2). 15. 337, 1865 ; W. liowasckefl, Byg. Bund., 7, 433, 
1898 ; 0. Dingendnrif, Sntur/orA. Vrr*. Witebadm, M. 2016, 1887 ; H. Dormiir, Dingier'* Jenm,, 
199. 22,5, 1871 ; E. Nienatadt and M. Ballo, A., 268. 162, 1886; B. Warkenradet, A., 808, 
29% 1874 ; W. J. A. Butterfield, Jtmm, Byg., 3 486, 1003 ; A. Dunrt tod H. W. Hake, Joum. 
Ckm. Soe., 86. 168, 1879 ; £. Frunkland, A.,14 22, 1800 ; W. Manet, A., 87. 493, 1880 ; JVea 
Boy. Sea, 41. 181, 1866 ; W. Marcet and A. Landnaet, ArtA, Soitnete Oenivt, (3), 14 644, 1886; 
Joan. Roy. MelforL Sor., 14 100, 1887; B. Ebermayer, SBtbrr. Akad. Mtneken, 299, 1986: 
Cken^ Meiei, 64 186, 1886 ; Natwfored, Yere. MUnAen, 218, 1877 ; Ber. deut BoL Atnle, 218, 
1877 ; Irndw. Yen, Slat,, 84 6% 1879 ; Biederaann’e Ventr., 7, 644, 1878 ; IPotfneir’c Poreet.^ 





Id 

f. Its, UfSi Vmata, A. U. «, X A. Hmab. IS, tM. IMS; J. UBIkc, 4., 
18M,18TSt iTM. r#«, 0K«miell.SS,lB»; F. IMcy. AM«>, AM. ITAis 71 07, 1877 ; 
S, tm Oiltt, 4.. M. 878, 1U7 ; J. GotiMb, 4., SO. S8A 1888 ; W. HkAmla, 4., SB. IBS. 18M ; 
K. JMior. 4., 88. Ml. 1880; W. FoMok. 4., 96. 1061, 1887; ZtO. NOr. Uyg., 8. 118, 139. 
146, 106, 1687 ; ir«Mto8., & S71, 1887 ; F. Kratnbiur and S. Weiner, 4., 11 438, 1804 ; 

V. FeUl, t>tr ier iMft in ttnd 6ei Donat, Unpat, 1687 ; J. ton Fodor, 

Bygiutim tfahmohoaigta iAer iMjt, Bodea, and Waotv, Branneehireig, 1881-2 ; VtorkUair. 
iffSa. OuMM., 7. 301 1878 ; H. Fleofc, Jahnib. Oe». Natar HoUi. DfuSon, 78, 1874 ; /«4n4. 
(llm. <7cair. Offciit. Dnotm, 1 18, 1878 ; 1 7, 1874 ; 3. Filtbo|pa and F. Htaelbarth, T<i^k. 
SabuioroA Yon. that. 83, 1876 ; Landu, JoMt., 1 660, 1870 ; Ana. Apron., 0. 316, 1880 ; 
17. BeUBsing, 4., 16. 06, 1880; Comiii. Bend., 76. 1662, 1872 ; 75. 70, 1872 ; 80. 1410, 1880; 
101 611 1880 ; 111 881, 1802 ; R. Lagendre, 4., 141 626, 1006 ; A. F. da Fuunroy, Bgatime du 
ponnamoonoft eAitm^uw, Peril, 1. 168, 1801 ; B. ten Frey, Dtr JCoUauSuntdiaU dor Lap in 
md ivi Uorpol, 1880 ; U. Faofaji, BeiIrSgt twr UnkrouAnng dor Lap m/ than FeMeiudare gduB, 
Wiinburg, 1888 ; R. J. A. Gentler, Cmpt. Fend., 121 1387, 1808 ; H. Heariet, 4., 121 136, 
1806 ; J. L. Leawigne, 4., 21 108, 1108, 1846 ; A. lAvy and U. Heariet, 4., 121 1661, 1888 ; 
187. 353, 1808; Ann. 05*. Movhomrit, 393, 1877 ; 608, 1878 ; 426, 1879; 383, 1880 ; 368, 
1881; 80.1, 1882 ; 372,1883 ; 438,1884 ; 463,1886 ; 464,1886; 267,1887 ; 404,1888 ; 347, 
1889 ; 362, 1800 ; 301, 1801; 403, 1893 ; 476, 1804 ; 200, 1803 ; 328, 1806 ; 425, 1898; 
A. K Gill, Amer. Journ. Anal. Chm., 6. 363, 1892 ; Ano^ii, 17. 184, 1892 ; H. Heine, Wild, 
Aim., 16. 441, 1882; T. B. Hunt, B.A. Btp.. 644, 1878; Proe. Amer. Auoe., 1& 34, 1866; 
Joam. Oeol. Soe., IS. 488, 1860; Gon^. ilmd.,64. 1100, 1862 ; 87. 462, 1878; Amer. Jonrn. 
Beiritn, (3), 10. 340, 1880; P. Jeeerioh, TagM. NafnrfortA. StrasAurg, 180, 1886; 
M. Y. Kapuetln, Joum. Bum, Phye. C'Aem. Soc., 11. 360, 1879 ; H. Kanten, Pogg, Ann., 115. 
8ti, 1862; J, F. Kruger, Sdumggtr'e JoHrn., 86. 370, 1822; W. B. Niohde, Amer. Ciemul, 
A 200. 1876; M. M. P. Mnir, Cfiem. New. 88. 16, 1876 ; T. L. Phipion, 4., 48. 205, 1883; 67. 
136, 1898 ; 68. 45, 76, 260, 1803 ; 70. 223, 1804; Comjd, Bend.. 117. 309, 1803; 119. 444, 
1804 ; 121. 719, 1806 ; M. de Thieny, 4., 129. 316, 1809 ; G. TiaMndier, 4., 80. 076, 1876 ; 
P. Tmohot, 4., 77. 075, 1873 ; Ann. Agron., A 69, 1877 ; A. ^termann and 3. Graftiaa, Bnxtllee 
Him. Cow., 47. 1, 1893 ; M. von Peitenbider, down. Ginn, Boo., 10. 202, 1858 ; 60. 801, 1876 ; 

AM. Alud. liUndnen, 2. 1, 1858; SxtAer. Akad. MinAeu, 276, 1876; 366, 1872 ; 330, 1874; 
Zei'i. BM., 7. 306, 1871 ; 9. 260, 1873 ; 11. 381, 1876 ; Bepert Pham., 21. 677, 1872 ; 22. 483, 
1873 ; JAebitra Ann. Buppl.. 2. 23, 1863 ; DingUa^a Jown., 110. 40, 282, 1831 ; 163. 63, 1862 ; 
down, prakt. Chem., (1), 85. 165, 1802 ; H. I'lantzach, Woehenadn. Naturunaa., 6. 208, 1891 ; 

U. I'ettereeon, Zeit. anat. Chan., 85. 467, 1886 ; 0. Fetteraiun aud A. Hogland, Ber., 22. 3324, 
1889 ; 0. Pettenann and A. Palmquut, 4., 20. 2129, 1887; WolUy’a loraK, IB. 173, 1803, 
n. Puchnrr, 4., 15. 206, 1892 ; 17. 203, 1894 ; E. Woilny, 4., A 1, 1880 ; 4. 1, 1881 ; 5. 290, 
1682 ; A 406, 1883 ; 0. 166, 1886 ; lA 386, 1889 ; 19. 161, 1896 ; 20. 106, 1807 ; Landw. Veri>. 
StaU., 25. 373, 1880 ; 86. 197, 1880 ; P. Petencn, Landv. Vera. Bbit., 18. 155, 1870 ; T. Simler, 
4., 14. 240,. 1871 ; F. Bdiulee, 4., 9. 217, 1867; 10. 616, 1868; 18. 1, 1870; lA 366, 1871 ; 
■loam. Xiandw., 224, 1800; M. Port, Bayeriacha Aertz. InM. BlaU., 22. 81, 1876; Jfed. Chir, 
Bund,, 17. 181, 1876 ; £. Schulze and M. Marcher, Zeil. anal. Chem., 9. 334, 1870; £. Sohulzr, 
.ifth. Pharm., (3), 0. 412, 1876; U. Vibniu, 4., (3), 5. 410, 1874; £. RdcboidA 4., (3), 22. 
414, 1884; H. V. liognault, Areh. Seusnea Genlve, (2), 40. 237, 1871 ; Ann. Chim. Phya., (4), 
8A 267, 1871 ; ,T. A. Beiael, 4., (6), 86. 145, 1882 ; Journ. Pharm. Chim., (4), 30. 226, 1879 ; 
Ann. Apron., A 199, 1879 ; Compl. Bend., 88. 1007, 1879 ; 90. 1144, 1457, 1880 ; E. UialiT, 4., 
OA 1300, 1882 ; Arch. SaencM Ceniae, (3), A 241, 1882 ; A. Vogel, Beprrl Pharm., (2), A 351, 
1864; P5i7.Jfap.,(4),A76,lR54; W.C.Roul«en.&r.C»firllM.GM.,20.62,1881: LHoaenthal, 
ffibkr. Phya. Hid. Boo. Briangen, 27. 74, 1897 ; W. J. Uuaaell, St. Barthobmem’a IloaptUii 
Bep., 20, 1, 1884 ; P. Th£nard, Tniti do Mtmie ilimaitttin, Ihiorijuo, e< prdlique, Paiia, 1. 303, 
1813; C. Salgor, Boden.l/nlerauehungen mit beaonderer BerUiaohUgung du EinfluaHa der 
VenhkUion auf die Kohlenaawemenge itn Boden, lilrlangen, 1880 ; H, B, de Sauaeure, ropopca 
danr Ua A^a, (kuive, 4. 200, 1700 ; N. T. de Sauaeun, BAl. Univ., 1. 124, 1810 ; 41 23, 138, 
1830 ; Ann. G5im. Phya., (2), 2. 109, 1886 ; (2), A 170, 1816 ; (2), 41 6, 1830 ; Him. Beieneu 
Otnioe, 4. 407, 1828 ; Aelia Sue. IltlvUique, 31, 1628; A. Bcblogiiilweit, Pogg. Ann., 87. 203, 
1862 ; Aoiim. prakt. C'Aem., (1), 5A 440, 1863 ; E. and A. ScUagmtweit, 4., (1). 61 106, 1850 ; 
Pogg. Ann., 76. 442, 1849 ; 0. Schulze, If ochmacAr, Jfed. JfOtirAen, 8A 641, 1892 ; J, Setechenofi, 
BuB. Acad. Ht. PtHrAwg, (4), 22. 102, 1870; A. Krogh, HaUt. Fya. Htdd., 1. 12, 1910; 

V. Sdiydlowaky, Centr. Hti. Wua., 16. 734, 1880 ; Jown. Buaa. Phya. Chm. Soe., 18. 182, 1886 ; 
Zeit. anal. Chm.. 27. 712, 1888 ; K. A. Smith. iVwc. Handktaier hit. Phil. Soe., 10. 207, 1862 ; 
1 30, 160, 1866 ; A 116, 1806 ; iTefn. JfanrJeeter hit. PhU. Soe., (3), A 1, 181, 1868 ; B.A. Bep., 
11 1848 ; 66, 1861; 36, 1866; Proe. Claegow PhiL SOe., 7. 326, 1871 ; Pham. Journ., (3), 
A 767, 1872; PAil. Hog., (3), 80. 478, 1847; Jfeia. Chm. Sue., A 311, 1848; Journ. Chm. 
Soe., 11. 106, 1860; 25. 33, 1872; Chem. New, 10. 313, 1864; 11. 120, 1866; Bee. Univ., 20. 70, 
1866; Air and Bain, The Beginninge of a GAemical Climalokm, London, 1872; K. Suden, 
Zeit. maL Ohm,, 2A 602, 1887 ; W. Spring and L. Boland, SruxeOu Him. Cow., 37, 1885 ; 

iur ka proporiionB d'acidt earboniqiiA wtUamas dana Fair de BrtueUes, BnizeUeu, 1885 ; 

W. Symong and JP. B. Btaphena, Proe. Chem. Soo., 12. 103, 1896; Joum. Chem. Soc., 69. 
B69aS96i Oe Hadhhel, £ei(. anmtr, Chm.g 86. 618, 1922 

* C. B. Brown-Se^iuuil and i. d'Anranval, Vompt. JUnd. Soe, BioLy (6), 5. 33, 1888 j A. Dagire 



20 


INORGANIC AND THSOBETIOAL OHEMIBTBT 


•nd R Liiye» i6., (8), 5. Dip 188B ; A. BiUBo-Gilibertl and Q. AM. M. Soil 
88. 9p 1$88 ; G. von HofDiann-Wdlenhofp Witnn JTZivl YfoeAciwiAr., 1. 753. 1888 ; K B. Lah* 
maim and F. Jcssen, Arch, Hyg,, 10. 267, 1800 ; 8. Merkel, Zb., 15. 1, 1892 ; D. H. Bergey, 
8. W. Milohell, and J. 8. Billings, Smithsonian MisesU, Oolltctions, 28. 3, 1903 ; Stienoe, (2), 1. 
481, 1805 ; C. Wuntcr, Ber., 19. 3202, 3206, 1886 ; T. Cramer, Journ. Qaabiknehi., 34. 65, 1891. 

* J. B. Porta, Jliagim natundis, Naples, 1658 ; J. Ivory, Phil* Mag*, (1), 60. 81, 1822 ; 
J. Apjohn, Trane* Boy* Insh Aead*, (1). 17. 276, 283, 1837 ; (2), 2. 104, 601, 1844 ; Phil* Mag*, 
(3), 6. 182, 1835; (3), 7. 266, 470, 1835; (3), 0. 187, 1836; B.A. Bep., 670, 1832; 36, 1843; 
J, Stefan, Zeil* (Ester. Ues. Mekorl, 16. 177, 1881 ; N. F. August, Pogg, Ann., 5. 69, 1826 ; 

G. Magnus, i6., 61. 222, 1844; W. H. Carrier, Trans. Arm. Sbe. JfrcA. Eng., 38. 1006, 1912; 
L. A, OroBsmann, i4nn. Bydrographit, 44. 677, 1910; H, V. Begnault, Compt. Bend., 20. 1127, 
1220, 1845 ; 85. 930, 1852 ; Relaiion dee experiences enitBprises pour ditarminer ks principal^ 
lois jphysigues et ks donn&is nwnirignes qui entrtnl dans U ooZeuZ dee machines d vaj»ettr, Paris, 
1847; Mim. Jnsi., 21. 624, 1848 ; H. C. Dibbite, ZeiU anal Chem., 15. 121, 1876; J. Dalton, 
Mem. Manchester Lit. Phi 8oc., (1), 5. 636, 1802 ; J. H. Poyntii^, Phil. Mag., (6), 12. 39, 1881 ; 
C. N. Lewis, Proc. Amer. Acad., 86. 143, 1900 ; 31. Kohler, Unlersachvngen ither die Elemente drs 
Mebels und der Walkens, Slocl^olm, 1925; H. Ebert, Phys, Zeit., 2tlt 869, 1926; Zeit. Physik, 
85. 689, 1926; 48. 335, 1027. 

A. K Angsirbin, Arkiu. Mai. Aslron, Phyr., 1. 395, 1014 ; 0. Fabry and H. Buissun, 
Jotirn. Phys., (5), 3. 196, 1913 ; £. Ladonburgand £. Lehmann, Ann. Physik, (4), 21. 305, 1906 ; 
J. N. Pniig, Proc. Boy. Hoc., 00. A, 204, 1914 ; W. Hayhurst and J. N. Pnug, Joum. Chem. 
Soc., 97. 868, 1910 ; U. Henriet and M. Bonyssy, Compt. Bend., 147. 977, 1908 ; IT. N. Holmes, 
Atncr. Chem. i7oum.,47. 407, 1912 ; W. J. Humplireya, AKirophya. Journ., 32. 97, 1910 ; Phynts 
oJXhe Air, Philadolpliia, 1020. 

“ J. F. Daniel], Phi Mag., (3), 19. 1, 1841; Am. Chin. Phys., (3). 8. 331, 1841; 

H. Biarnnnot, ib., (2), 44. 300, 1830; Q. 8avi, ?&., (3), 3. 344. 1841; W. L. Zlinmermann, 
Kasiner's Ardi.,!. 267, 1824; A. F. Wiegmann, ib., 16. 196, 1802; A. Vogel, UilberCs Ann., 
72. 282, 336, 1822; Journ. prnU, Chm, (1), 4. 279, 183.7; W. A. Ijampadiua, ib., (1), 
10. 78, 18.37; (1), 13. 244, 1838; SchweiggeCs Journ., 33. 109, 1821; 8. F. Hermbstadt, 
tb., 32. 281, 1821; V. H. Pfaff, tb , 35. 396, 1822; 62 311, 1828; J. V. Kriiger, ib., 88. 
379, 1821; M. Knubaudi. Journ. Pharm. Chm, (2), 21. 141, 1K36; J. (hiar^bn, tb., (2), 
25. .390, 1638; N. T. de Saussure, M6m. Sor. Phjt Otn^w, 4. 407, 1828; BibZ. 44. 
23, 138, 1830; Ann. Chm. Phyt., (2), 44. 6, 1830; Pogg. Ann., id. 431, 1830; P. Mosoati, 
OUbcrfs Ann, 48 12, 1813; 0. F. Heusingor, Journ. prakt. Chm,, (1), 8. 484, 1830; 
T. Hopkins, Phil Mag, 14. 104, 1839; J. MacCulloeh, Quart. Journ, Scitnce, 2. 39, 1816; 
A. Gbraidin, Concours drs aHs insoluhres. Paris. 1895; A. Gautier, i4nn. Tbrn. Phys., (7), 22. 
5, 1901 ; Compf. Brnd., 126. 793, 9.31. 1209. 1387, 1898 ; 127. 093, 1898 ; 180. 1363, 1677, 1900 ; 
131. 13, 86, 535. 647, 1276, 1900 ; 135. 1026, 1902 ; 136. 21, 598, 1903 ; A. Miintz, ib., 82. 499, 
1881 ; A. Milntz and E Aubin, Ann. Chm. Phyt., (6), 26. 222, 1882; Compt. Bend., 99. 871, 
1884 ; A. Leduc, Tb., 135. 860, 1332, 1902 ; H. Bennet. ib., 138. 203, 1272, 1004 ; 139. G7, 1904 ; 
Lord Bayleigh, Phi Mag., (6), 8. 416, 1902; F. 0. Phillips, Journ. Amcr. Chem. 8oc., 17. 801, 
1895 ; W. Umulianbky, CtrUr, Bukteriol., 15. ii, 673, 1000 ; G. Claude, Compt. Bend., 148. 1454, 
1909 ; G. D. Liveing and J. Dewar, Proc. Roy Soc , 67. 468, 1900 ; B. Verver, Bull. Hoc. Ekrl. 
191, 1840; J. B. J. D. Boun^ingault, Ann. Chm. Phys,, (2), 52. 5, 1833; (2), 67. 148, 1834; 

(3) , 10. 456, 1844; N. T, de .Saussure, (2), 2. 190, 1816; (2), 8. 170, 1816; (2), 44. 5, 1830; 
Mhn. 8 qc. Phys. Qrnlve, 4. 407, 1H2B ; BM. Umn.,!. 124, 1816; 44 23, 138, 1830. 

“ A. Gaulier, Compt. Bend , 128. 643, 716, 1899 ; Bull Boo. Chm , (3), 21. 391, 456, 1899 ; 
£. Kiiioh, Journ. Chm Hoc , 77. 1271, 1900 ; F. W. Clarko, The Data of Oeochemisiry, Washing- 
ton, 63, 1920; G. Bellucei, Htaz. Spir. Agrar. Ital., 21. 255, 1888; N. Paascrioi, Jkl Scuola 
Agtvr. Scandtcci, 12, 1693 ; R. A Smith, Proc. Roy. Soc., 20. 512. 1877 ; Air and Bain. London, 
263, 1872 ; J. T. Piurro, (liimie agrirok, Paria, 1858 ; Compt. Brnd., 84. 878, 1852 ; 86. 694, 1853 ; 
A. Chatin, th , 81 808. 1S50 ; 32. 669, 1851 ; S3. 529, 584, 1851 ; 84. 14, 51, 409, 519, 529, 584, 
1852 ; 35. 46, 107, 505, 1852 ; 37. 487, 723, 058, 1853 ; 88. 83, 1854 ; 39. 1083, 1854 ; 46. 399, 
1858 ; 50. 420, 1800 ; 51. 496, 1660 ; J. A. Barral, tb., 86. 427, 1852 ; A. A. B. Bussy. tb., 80. 
537, 1850; 35. 608, 1852: S. Clora, i^.. 52 527, 1861; F. Th^nard, Tb., 82. 167, 1876; 
A. fiobierre, tb., 68. 755, 1804 ; A. Muntz, ib , 112. 449, 1891 ; J, B. Harrison and J. Williams, 
Journ. Amrr. Chem. Sot., 19. 1, 1897 ; J do Fontenelle, Becherthea hisiorigues, ehimiques, dt 
mdditales bur Vair tnaricagenux, Paris, 1823 ; G. Gray, Btp. Australobian Amt., 1. 138, 1888; 
N. H. J. Miller, Journ. AgiK. Science, 1. 292, 1905; J. Pirovamff, Ann. Giol Min. Buss., 9. 
274, 1908 ; B. ArLia, Chem. News, 113. 3. 1916 ; £. L. Pock, ib., 116. 283, 1917 ; G. C. Whipple 
and D. D. Jackson. Tech. Quart., 18. 145, 1900; £. 8. Richards and A. T. Hopkins, tb., 11, 
227, 1898 ; F. Posepuy, ^^bcr. Akad. Wten, 78. 179, 1877 ; E. I'ietze, Jdhrb. Geol. Beichaanat. 
Wien, 27, 341, 1877 ; E. Dubois, Arch. Mus. Teykr/{2),i0, 441, 1907 ; W, Ackroyd, Oedl. Mag., 

(4) , 8. 446, 1909 ; I*roe. Yorkshire Geol Polyt. Soc., 14. 408, 1009 ; Chem. News, 9d. 13, 1904 ; 
A. Vogel, Gilbert's Ann., 66. 97, 1820 ; 72. 278, 1822; J. C. Driossen, Schweiggtr's Journ., 86. 
139. 1822; W. Meissner, tb., 86. 161, 1822; W. A. Lampadius. Journ. prakt. Chm., (1), 18. 
244, 1838 ; H. 6. Fries and N. Knight, Pros. Iowa Acad., 80. 375, 1993 ; J. von Liebig, Ann. 
Ohm. Phys., (2), 85. 320, 1827 ; M. Roubaudi, Journ. Pharm. Chim., (2), 19. 569, 1833 ; (2), 21. 
141, 1835 ; J. Bouis, tb , (3), 87. 266, 1800 ; 8. de Lnoa, tb., (3), 26. 260, 1854 ; Jmim. Chim. Mhd., 
(2), 10. 618, 1854; B.Braiidei,MiMiiwer's 48, 163, 1826; J. B. Lawes, J. H. GUbert 



NITROaBN 


21 


Mid R. WuifigtoD, JmefiL Roy. Aoo.. Ml» 811, 18B1 ; 1, 1882 ; 818, 1888 ; R. Waringtom 
Jmm. Ckm* oool» 61. 600, 1887 ; J. Daltca, A Ntw Sy«km of Oktmkal PiMogophy^ BlandLoatar, 
1810 ; F. Oonigov, Oompt, And,, 188. 884, 1800 ; £, Marohand, ift., 81. 495, 1850. 

If J. HixBohwald, Die Prttfuny der naiitriiehen JSawteine, Berlin, 6, 1908 ; W, Zunmermaim, 
8ehwUfyer'e Jovm., 44. 466, 1825 ; B. Ramuzini, Opera Omnia, Tiondon, 1716 ; Oeoibw, 1717 ; 
A. S. Maiggral, (7AefiiMier 8dir(ften, Berlin, 274, 1768; T. Bergman, De aquis ittualieMibus, 
Upeala, 1770 ; Jk analyst aquartm, Stockholm, 1778 ; J, B. Lavea, J. H. Gilbert, and B. Waring- 
ton, Joum. Jioy, Agrte, 8oe,, 831, 1883 ; A. Petermann and J. QrafUan, Bull. 8Ua. Agron, 
CkmUffOX, 62, 1^3 ; J, B. Hanisaon and J. WUliama, Joum. Atner. Roc., 19. 1, 1897 ; F, W. Clarke, 
Thi, Data of QeoohmUtry, Washington, 62, 1920 ; H. S. Fries and N, Knight, Proc. Iowa Acad., 
80. 375, 1923 ; J. H. Woehlk, Ohem, News, 127. 30, 1923 ; W. Hayburst and J. N. Pring, Joum. 
rkm. 8oe., 97. 868. 1910 ; J. A. Barral, Compt, Rond., 35. 427, 1852 ; G. Chabrier, ib., 68. 540, 
1869 ; 78. 485, 1273, 1871 ; A. Muntz and V. Mareano, t6., 108. 1062, 1889 ; A. Muntc and 

E, Loind, ib., 152. 167, 1911 ; A. Bobierre, ib., 58. 755, 1861 ; A. Uvy, ib., 91. 94, 1880; 118. 

804, 1891; Ann. Oba, MorUmuria, 393, 1877 ; 608. 1878 ; 425, 1879; 383. 1880; 358, 1881; 

393, 1882; 372, 1883; 438, 1884 ; 453, 1885 ; 404, 1886 ; 267, 1887; 404, 1886; 347, 1889; 

362, 1800; 391. 1891; 403, 1893; 475, 1894 ; 299, 1895; 328, 18.00; 425, 1897; W. Knop, 

KrtwhuJ dtt Stoffea, Leipzig, 1868 ; B. Warington, Joum. Chem. Soc., 51. 1887 ; 55. 537, 

1B89 ; N. H. J. Miller, Joum. Aqric. Science, 1. 286, 1905 ; Jonrn. Scot. Md. Roc., 16. 141, 1913; 
J. F. Holler, Schmidt'e JaM. Ifedizin, 78. 3, 1851 ; J. von Lirbig, Die organUehe Chemie in ibrrr 
Anv'cndnng auf AgrtouUur und PAynologie, Braunschweig, 1^; Ann, Uhm. Phy^., (3), 85. 
320, 1852; J. B, J. D. Boussingault, ib., (3). 57. 179, 1859; Compt. And., 95. 1121, 1882; 

F. Goppel^er, Joum. prakl. Chem., (2), 1. 212, 1870; (2), 4. 139, 383, 1871; ZeU. anal 
Chem., 9. 1, 177, 1870 ; E. Bechi, Rtr., 8. 1203, 1873 ; C. F. Mabcry and H. Snyder, Joum, Amer. 
r/Ktn. Soc., 17. 121, 1805; G. Defren, Chem. News, 74. 230, 240, 1806; 7’ech. Quart., 9. 238, 
1890 ; F. T. Shutt, Trans. Roy. Soc. Canada, (3), 8. 83, 1914 ; F. T. Sbutt and B. Uedley, tb., 
(3), 19. 1. 1925 ; G. Gray, Rep. Australasian Assoc., 1. 138, 1888 ; A. Bineau, A rui. Chim. Phys., 
(3), 42. 402, 18M; R. A. Suiitli, Air and Rain, London, 208, 1872 ; L, I. de Nagy IloBva, Butt. 
Soc. (him., (3), 2. 377, 666, 1889 ; W. A. Lampadins, Janrn. prakt. Chem., (1), 54, 1838. 

N. T. do SausBurr, Journ. Phya., 64. 314. 1807 ; C. Collard do Martigny, Joum. Chim. 
3m., (1), 8. 517, 1827; N GrSgcr, Arch. Pharm., (2), 44. 35, 1832; Liebig's Ann., 56. 208, 
1845 ; £. N. Uorhford, tb , 74. 243, 1850 ; J. Hirschwald, Die Piufting der natHrlichen Baustcine, 
Berlin, 5, 1908 ; C. R. Fn^scuius, Journ. praht. Chem., (1), 46. 100, 1849 ; F. Gkippelsnidur, ib., 

(2) , A 139. 383, 1871 ; Zeil anal Chen., id. 259, 1871 ; J. I. Pierre, Chitnie oprirnie, Paris, 1858 ; 
Compt. Rend , 34. 878, 1852 ; 86. 694, 1853 ; G. Vdle, ib , 85. 464, 1852 ; J. A. Barral, tb , 85. 
427, 1862 ; P. Trurhoi, ib., 77. 1159, 1873 ; A. Schlbaing, t6., 80. 175, 1875 ; 81. 81, 1252, 1875 ; 
A. Miiiilz and E. Aubin, i6., 113. 779, 1891 ; A. Muulz and V. Mareano, th , 113. 779, 1891 ; 
A. Miintz and E. Laine, ib., 152. 107, 1911 ; A. Bobierre, ib , 58. 755, 1864 ; A. Martin, ib., 87. 
947, 1863 ; A. Houzean. tb., 00. 1717, 1883 ; A. L6vy, ib., 91. 94, 1880 ; 118. 81)4, 1891 ; Ann. 
Ohs. Jdontsouris, 393, 1877; 508, 1878; 425. 1870 ; 383, 1880; 358, 1881 ; 393, 1882; 372, 
1883; 438, 1H84; 463, 1885; 404,1880; 267, 1887; 404,1886; 347, 1889; 362,1890 ; 301, 
1891; 403, 1693; 475,1894; 209, 1896 ; 328,1896; 425, 1897; A. Bitieua, Ann. Chim. Phya,, 

(3) , 42. 462, 1854; J. B. J. D. Boussingault, ib., (3), 39. 257, 1853; f3), 40. 129, 1854; 
W. Knop, Kreislauf des Sioffes, Leipzig, 1868 ; G. Kemp, Chem. Gaz, 6. 09, 1848 ; A. Kemp, 
tb., 5. 144, 1847; R. A. Smith, Air and Rain, London, 266, 1872; Chem. News, 26. 566, 
1872; H. T. Brown, ib., 21. 138, 1870; Pron. Ay. Soc., 18. 286, 1870; W. L. Zimmernuuin, 
Kastfter's Arch., 1. 257. 1824; A. Sohoyen, Zat. anal. Chem., 2. 330, 1863; U. F. Mohr, ib., 
12. 371, 1873 ; A, H. Smeo, SuggestioTU as to Lines for Future Research, London, 40, 1881 ; 
R. Brondca, Sekweigger's Joum., 48. 153, 1826; J. von Liebig, i>»c orgamschc Chemie in threr 
Anwendung auf AgrumUnr und PhysitJogie, Braunschweig, 70, 836, 1840; London, 45, 1843; 
H. B. Fries and N. Knight, Proc. Iowa .icad , 80. 375, 1923 ; F. T. Shutt and B Hedley, Trans. 
Ay. Soc. Canada, (3), 10. 1, 1925; J. A. Wanklyu, Chem. News, 25. 251, 1872; B. Artis, ib., 
118. 3, 1916; E. L. Peck, ib., 116. 283, 1917; E. Bechi. Bcr., 6. 1203, 1873; T. Schlosing. 
CpR/ribtttinns d Vitude de la chimie agricole, Paris, 56, 1888 ; J. B. Lawes, «1. H. Gilbert, and 
R. Warington. tb., 241, 311, 1881 ; 1, 1882; 313, 1883; R. Warington, Joum. Chem. Rdc., 51. 
118, 1857 ; J, B. ^rrisonaiid J. Willianis, Joum. Amer. Ghent. Soc., 19. J, 1897 ; J. B. A. Ohoval- 
lior, Joum. Pharm. Chim., (2), 10. 655, 1844 ; C. W. Sehode, Experiments on Atr and Fire, 
London, 1780 ; T. Bergman, Do annhysi agmrum, Stockholm, 1778 ; A. F. Pouiiau, Ann. Soc, 
Agric.lMn, (1), 6. 1. 1854 ; (1),7. 115, 1855 ; (1), 8. 1, 1866 ; (2), 2. 77, 1858 ; (2), 8. 61, 301^ 
1859 ; (2), 6. 1, 1862 ; M, Fara^y, Quart. Joum. Science, 19. 16, 1826. 

J. B. Lawes, J. H. Gilbert, and R. Warington, Joum. Roy. Agric. Soc., 241, 311, 1881 ; 1, 
1882; 313, 1883; 8. Robinet, Compt. Rend., 65. 493, 1863; F. d’ATcet, Jounu Tbim. 3IM., 
(1), 10. 292, 1834 ; J. B. A. CbeTallier, Vlnst., 2. 336, 1834; P. van Driessen and M. Veehof, 
AJgmemc Konst tn Letter-Bode, Deid, 365, 1803; G. F. Ruuelle, Mint. Acad., 97, 1744; 672, 
1754; R. A. Smith, Air and Rain, London, 231, 272, 1872 ; Proc. Roy. Soc., 26. 612, 1877 ; 
J. 1. Plane, Chimie agrieok, Paris, 1858 ; Compt Rend., 34. 878, 1852 ; 86. 1853 ; J. de 

Fontendle, Reaches historigues, chimiques, et mtdicdles aur Fair markageauz, Paris, 1823; 
^ Ladureau, Ann. Chim, Phya., (5), 29. 427, 1883 ; R. Warington, Joum. Chem, Soc,, 61. 500, 
1887 i K. H. J. Miller, Joum. Agrib. Roience, 1. 292, 1005 ; G. Gray, Ap, Australasian Assoc., 
i< 188, 1688 ; 6. H. B^y, Rtediss/rofii (he Physical aad Chemical Laboratories of Owens Cottege, 



S2 INORGANIC AND THEORETICAL CHEMISTRY 

ICukohfiflter, 1 231, 1803 ; R. Bnndea, 8fA/w%iggff^$ Jwrn., 46. 163^ 1636 ; B. Arito, CAem. Neioii 
118. 8, 1916 ; IS. L. Peok, t6., 118. 283, 1918; 0. Haekhel, ZeiU angno. Ohm., 85. 618, 1922. 

** P. A. Quye, G. Kovaoi. And B. WonrtKel, Jonm. Ckm, Phya,, 10. 332, 1912 ; 
% J, HnmphTi^, SvU. Mount FeaCAer Oba,, 8. 68, 1900 ; J. Dalton, Mem. Manchester LU. PkH. 
See., (1), 5. 346, 635, 1802; (2), 1. 244, 260, 271, 425, 1805; Metearologied Observations and 
ISasmSf Manchester, 1793 ; New System of Ckmicnl Pkdoaophyt Manchest^, 1. 150, 1808 ; PhU, 
Prana., 116. 174, 1826 ; 117. 347, 1837 ; Nicholson^s Journ., (1), 6. 241, 1801 ; (2), 8. 267, 1802 ; 

(2) , & 145, 297, 1804 ; (2), 0. 80, 269, 1804 ; J. Qouah, ib., (2), a 243, 1804 ; (2), 8. 62, 107, 126, 
160, 1804; (2), 10. 20, 1805; (2), 28. 182, 1809; Mem. Manchester Lit. Phil Soc., (2). 1. 296, 
405, 1803 ; 0. L. Berthollct, Mhn. d'Areeuil, a 463, 1809 ; JSssai de tihmigue stati^, Paris, 1. 
277, 470, 1803; T. Thomson, A 8ystm of Chemistry. Edinburgh, 3. 316, 1804; 8. 440, 1807 ; 
PhU. Mag., (3), 25. 51, 1844 ; J. Murray, A SysUm of Chmistry, Edinburgh, 2 48, 1800 ; H. Dayy, 
CoOecied Works, London, 8. 252, 1840 ; J. B. Biot, Mim. Inst., 39, 1807 ; J. Tyndall, PhU. Mag., 

(3) , 22. 170, 273, 377, 1861 ; B. 8t. G. Dcyme, Vompt. Rend., 59. 1057, 1864 ; J. Dewar, Ohm. 
News, 69. 29, 39, 1894; 71. 102, 199, 1895 ; £. W. Morley, Amcr. Journ. Science, (3), la 168, 
1879 ; (3), 22. 417, 1881 ; J. W. Dobeieinor, Sehweigger's Journ,, 4. 381, 1812. 


§ 2. The Physical Properties ol Air 

Some obsomtions on the weight of air were made at the boginning of the fourth 
chapter — 1. 3, 1 — of this work. J. B. Biot and F. J. Arago i said that Die weight 0l a 
litre of dry air, freed from carbon dioxide, and at O’’ and 760 mm., is 1*299011 grm. ; 
and J. B. A. Dumas and J. B. J. D. Boussingaiilt gave 1*299.0 grm. Later workers 
obtained rather smaller vain es— thus, H. V. Regnaiilt gave I *293187 grm. ; J . M. CIrafta, 
1*29319; r. von Jolly, 1*29383; M. S Blanchard, 1*29287; G. Agamennone, 
1*29310; W. Lasch, 1*293201; F. Kohlrausch, 1 *29363.) ; A. Leduc, 1*2933; 
Lord Rayleigh, 1*29327 ; and P. A. Guye, 1*2930. 0. J. Broch, and J. Tieutliardt 
made some observations on this subject. The best representative value for the 
weight of a litre of dry air, freed from carbon dioxide, at 0** and 760 mm., is 1*2930 
grm., at sea level, and latitude 15". 

According to A. Lcduc, the weight of a litre of air can vary by a milligram owing 
to variations in composition. There is therefore no particular advantage in weighing 
air to a greater accuracy than h of a milligram without at the same time deter- 
mining the composition of the air. For the same reason, there is no need to measure 
the density of other gases witli respect to air to an accuracy greater than 0*0001. 
Accepting A. Leduc’s value 0*089ffi grm. for the weight of a litre of hydrogen, 
the l^tive density of air, referred to hydrogen unity, is 11*39 1 ; and with Lord 
Rayleigh's value, 0*09001 grm. for the weight of a litre of hydrogen, the relative 
density of air is 11*368. W. Lasch made some observations on this subject. 
G. P. Baxt er discussed the determination of the density ol air. M. Paya and E. Moles 
found the normal density of the nitrogen from the air ol Madrid is 1*25681 ; and 
the density of the air indicates a shghtly highrr proportion of oxygen, which is 
attributed to the presence of a higher proportion of ozone and argon gases than 
normal. A. Stock and G. Ritter found a variation of 0'13 p(T cent, on the density 
of even rural air. E. Moles added that since the normal density of air may 
vary as much as O'l per cent., the use of air as a standard for densities 
should be abandoned. A. Jaquerod and C. BotpI found that the amplitude of the 
variations in the density of the air of Neuch&tel does not usually exceed 0*5-D*6 
mgrm. The same result was found with air taken at an clevatiozf of 2000-5000 m., 
but the deviation is smaller. The explanation which assumes the presence of a heavy 
gas is rejected and the presence of ultramicroscopic dust is suggested. Water at 4^ 
is 773 times as heavy a<i a litre of air at 0° and 7G0 mm. The specific gravity of aii 
referred to that of water is 0*0012933 with A. Leduc's data, and 0*0012932 with 
Lord Rayleigh's. P. A. Quye gave 0-0012928 for the best representative value ; 
values given by A. Leduc, Lord Rayleigh, P. A. Guye and co-workers, and 
F. 0. Germann range from 0*0012973 to 0*0012926. The results in Table VI for 
the sp. gr. of dry air, with 0*04 voL per cent, of carbon dioxide, at 700 mm., were 
calculated from D=O*OO1293O7/(l+a0), where the constant a=0*0036730 fr^ 0^ 
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to60”i (H»MT15lrom (f to 100”; (H)03670l from 0” to 150*; and O-O0S6096 
from & to 200*. A. Bateau duouae^ the efieot of idtitade on the ep. gr. of air. 
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S. von Wroblpwsky measured the sp. gr. of liquid air. U. Belin and U. Kiebitz 
gave for the sp. gr. of liquid air referred to water at 4^^ : 

-105 7 ' - 195 * - 103 " - 101 * - 189 “ - 187 * - 185 * - 183 * -182 4 “ 

D . 0-701 0-B26 0-919 0-995 1 050 1 092 MIB M30 M31 

A. Iiodenburg and C. KrUgel showed that the composition quickly changes as the 
liquid is exposed to the atm., and the sp. gr. changes in a corresponding way. 
Newly condensed air with 53-^ per cent, of oxygon had a sp. gr. 0'9951 ; after 
standing some time, it had 64-2 por cent, of oxygon, and a sp. gr. 1-029 ; and after 
standing between one and two days, it contained 93-6 por cent, of oxygen, and had 
a sp. gr. 1*112. Liquid air with the same composition as atm. air has a sp. gr. 
0-67 to 0*90. The sp. gr., Z), of liquid air at its b.p., and containing x per cent, of 
oxygen, is represented by jD=0-86+0-00289ar. J. K. II. Inglis and J. E. Coates 
found tdiat liquid air, with y voL per cent, of nitrogen, at 74-70“ K., and a vap. press, 
of 100 mm. 01 mercury, has the following vol., o : 

y - 0 1-6 13-g 37-8 69-3 85-8 DB-8 100 

V . 0*28332 0'28429 0-27059 0-28301 0*28200 0-28321 0-28065 0*28214 

According to J. Natterer,^ the compressibility of atm. air dues not deviate very 
markedly from Boyle’s law, and L. Cailletct showed that only at very high press, 
—up to 2790 atm. — ^is air a little more compressed than corresponds with that law. 
H. V. BegnauH found the ratio iucroased from 1-001414 with po='^38’7 
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min, ftnd 0=^1476-3 mm., to 1*006619 mth jioesll472‘0 mm. and p>=r2n969*4 
mm. P. Siljestrom said tliat with increasing dilution, the elasticity of air is 
greater than that which corresponds to Boyle’s law. D, I. Mondel^eS inferred 
that Boyle’s law is equally valid for air at low and at high press. ; and that 
as the press, is diminished air deviates more and more from the law, thus, if 
po=l at 660 mm. press., po=0*6 at 0*6 mm. press. V. Hemilian and co-workers 
found a greater compressibiliiy than corresponds with Boyle’s law for air at press, 
over 760 mm., and conversely for press, between 20 mm. and 050 mm. On the 
other hand, E. H. Amagat found that air follows Boyle’s law very closely for press, 
between 0*001 mm. and 10*5 mm. of mercury ; at 100°, air follows Boyle’s law 
between 1 and 8 atm. press, and probably for higher press. For unit vol. of air 
at 1 atm. press, and 15°, he found ; 

p 760 1000 1500 2000 2500 3000 atm. 

V 0-002200 0-001074 0-001700 0 001566 0-00U69 O-OOUOl 

He inferred accordingly that at high press., the coeil, of romprcssibilil y of air is of 


Table VII. — ^E. H. Amagat’s Valias for pr for Air. 
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0 003822 

2 1530 

0 004785 

600 

1-3400 

0 ooj6Bn 

1 41)0 

0 002822 

1 7185 

0 003563 

2-2110 

0-004422 

650 

1-4040 

0-(Ml2S53 

1-4740 

0 002680 

1-8110 

0-003353 

2 2700 

0-004127 

600 

1-4700 

0-002160 

1-5.375 

0-002563 

1 9060 

0-00.3177 

2-3300 

0-003H83 

660 

1-5.765 

0 002963 

1-6015 

0-002464 

1-9670 

0-003026 

2-3900 

0 003677 

700 

1-6020 

U-0O22HR 

1-6670 

0-002381 

2-0300 

0-002000 

2 1.115 

U-0036U2 

750 

1-6600 

0-002225 

1 1-7340 

0-002312 

2 0930 

0-(H)2790 

2 5130 

0-003361 

300 

1-7345 

0 002168 

1 8000 

0 0022.10 

2-1555 

0 002601 

2 rilM 

0 003219 

850 

1-7900 

0 00211b 

l-86.')j 

0 002191 

2 21H0 

0 002600 

2 6370 

0 003102 

000 

1-8640 

0 002071 

1-U300 

0 002141 

2 2H30 

n 002537 

2 bIHin 

0 (Ml.30n0 

960 

1-R2S0 

0-UO2O30 

1 0060 

0 002101 

2 3400 

U 002437 

2 7610 

0 002903 

1000 

1-0020 

0-001DII2 

2 0000 

0 U020b0 

2 4150 1 

U 002415 

2 K260 

0-002626 


the same order ol magiiitnile as that of a liquid. The in atiu. at which the 
product pu is a minimum for different lerap. was fuund by E. II, Amagat to be : 

-IM' - 78 5' -35'* D* W inO'* 

76 102 151 125 104 r. H n(m. 

He calculated the compreq<iihi]ity eooff., e/e/rv/p to be 0*0^411 between 750-1000 
atm.; 0*03268, between 1000-1500 atm.; O’OglOT, between 15t)0-2000 atm.; 
0*03123 between 2000 25(K) atm. ; and O-OiUJI between 250()-30(X) aim. Observations 
wesre also made by F. M. Penning, A. W. Wilkowsky, P. Koch, and M. W. Travers. 
L. Holborn and J. Otto gave pr-=l*73317-f 0*723177j-l-l*8lfj7Mi* at 2t)0° ; pv 
=l*36713-f0-20933p+3-lfK)0p2 at m\] and pv -l*00a80-0*79333p-) r)-2222p2 
at 0°. V. Fischer, W. J. Walker, P, Weiss, and E. Fouch^S discussed the equation 
of state of nitrogeu. 

0. B. Meyer 8 and numerous others have measured the viflooiity of atm. air. 
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The vatefis at 0° nmge from 3;»0'(^1679 to 0*0^1860 ; at 20*^ from i}a«0<^1780 to 
00^1900: 

-Wl-4* -liS" -116" -B2" -38* 0* 

ri , . 0*04079 O-O 424 O O O 459 O O-O 4 IO 6 O OO|1570 0*0,1880 

The following data for temp, up to 100° are by 0. Bchomami, for 197*3° by A, von 
Obermayeti for 302° by P. Breitenbacb; and for the remaining temp., by 
W. J. Fisher : 

0* 40" 80" 100" 197 8" 802-8" 6012* 

0-0,1679 0-0,1896 0-0,2163 0-0,2290 0 0, 2638 0-0,2993 0-0,3606 

B. A. Uillikan gave for the best representative value at 23°, i;— 0*0001824 ; and for 
temp., between 12 ° and 30°, tj= 0 * 031 B 240 — 0*0fl493(23— 9). E. L. Harrington 
gave 0*00016226 at 23°, and K. S, van Dyke, 0*00018221 . Numerons f ormulse have 
been proposed. W. Sutherland gave i^=7jol*414145(l ^-0-0036G5fl)|(l+113^•l)— 1 ; 
0 , E. Meyer, tj— 170 ( 1 +0*003665fl)0*760; and S. W. Holman found that at 9°, 
the viscosity 7j--0-00017155(l+0*0027519-0*0000000349:2). J. H. Jeans gave 
7i’^fjQ(T!27d)^ F, A. Williams also studied the effect of temp, on the viscosity 
of air. L. Gilchrist showed that the presence of unsaturated water vapour in 
the air has no measurable effect on the viscosity at normal press, and 20 °. 

Dnw-point, 6-6® ll-O® 14-1® 17“ Saturated 

17 x 10 ^ . 1-810 1-BlG 1-811 1-607 1-816 

Although the average value for unsatorated air is about 0-3 per cent, less than for 
saturated air, G. Zemplim obtained a greater diffnrence, viz., 0-8 per cent., and 
W. Crookes found that the presence of water vapour did not affect the cooff. of 
viscosity of air until the total press, was less than lialf the normal press., and for 
lower press, the viscosity diminishes, but not so much as is requir^ by formnlie 
based on the kinetic theory of mixed gases. J. C. Stearns discussed this subject. 
K. Frzibram described a demonstration experiment. S. Ray obtained a negative 
result for the effect of a transverse electric field on the viscosity of air. F, Klcint 
measured the viscosities of various mixtures of oxygen and nitrogen gases ; 
and F. Breitenbacb, of mixtures of ethylene and air. J. £. Vcrschaffelt and 
co-workers measured the viscosity of liquid air and of various mixtures of oxygen 
and atm. nitrogen, and found at —193*53°, sj--0-U01599 with 9*5 per cent, oxygen ; 
0*001078 with 35 per cent, oxygen; 0 001865 with 61 per cent, oi^geu ; and 
0-001895 with 91 per cent, oxygen. S. Chapman and E. A. Milne discussed the 
rapid inorease in the effective Imematical viscosity of air at great heights owing to 
the decrease in density. 

According to L. Grunmach,^ the surface tension of liquid air at —190*3° contain- 
ing 49*9 vol. per cent, of oxygen is 11-61 dynes per cm. ; and the specific cohesion, 
2*406 sq. mm. and liquid air with 05-3, 67*6, and 76*45 vol. per cent, of oxygen 
has the respective surface tension 12*05, 11*91, and 12*51 dynes per cm., and for 
the values of the sp. cohesion, 2-37C, 2-312, and 2-376 sq. mm. The diflnsioil coeff. 
of carbon dioxide and air at 0° was found by J. Loschmidt to be 0*142 sq. cm. per 
sec., and by K, Waits, 0*136 ; A. von Obermayer gave for air and oxygen, 0*178 at 0° ; 
J. Stefan, for air and carbon disulphide, 0*0995 at 0° ; F. A. Schdze, for air and 
hydrogen, 0*661 at 17° ; F. Houdaille, air and steam, 0-203 at 0° ; and G. Guglielmo, 
air and steam 0*239 at 8°, and 0*248 at 18°. A. Winkelmann reported observations 
on this subject. T. Graham measured the rate of diffusion of air through porous 
plugs. C. Bams discussed the slow diffusion of air in water. J. Dewar found that 
air, at atm. press, and 16°, diffused through rubber 0-01 mm. thick at the rate of 
2*0 0 . 0 . per sq. cm. per day. L. Dufour, and E. Ecusch observed that dry air diffuses 
mom rapidly than moist air through a porous septum, and through hydrophone. 
J. Bameshima and E. Fukaya studied the atmolysis of air. Measurements of the 
Wjelty of sound in air at 0° range from M, Frol’s ® 330*7 metres per second to 
G. Moll and A. van B<»ek*B 332-77 metres per second. F. Himstedt and R. Widder 
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fonnd the ratio of the Yelooitiefl of sound in air at 20° and at — 78*7S° to be 0*8147. 
The rdation of the velocity to the sp. ht. was discussed by A. Leduo. S. R. Cook 
observed 216-73 metres second at —160*0°, and 253*75 metres per second at 
—106*2°. E. H. Stevens found for the velocity, V, in metres per second : 

0‘ lOO- BOO* BOO* 7BO* 1000* 

F. . 3^1*32 8b6<5 478 1 S62-8 632 0 700-8 

Observations were also made by H. B. Dixon and co-workers. N. de Kolossowsky 
studied the relation between the velocity of sound and the speed of translation of 
the molecules. 

Observations on the dimensions of the constituent molecules were made by 
A. 0. Rankinp,* B. Dorn, W. Sutherland, W. Altbcrg, C. Ramsauer, and 
P. Lenaid. The mean vdoci^ of the molpcules, at 0° and 760 mm. press., 
IB given as 44,690 cm per second ; the mean bee path, O-O^GOS cm. ; and the mde- 
eolv diameto, O-OySl cm. K. S. van Dyke, and E. Blankensioin discussed the 
ooeff. of slip, and of momentum transfci in air ; and D. Brunt, the kinetic energy 
of the atmosphere. 

E. H. Amagat ^ fonnd the ooefi. of thermal ezpADsion to be 0*00367 for dry air, 
and 0-00368 to 0*00369 lor moist air ; ]\ von Jolly gave 0-00366957 ; and 
D. L Mendel^efi and N. Kajandor, 0*003684 at atm. press. A. Cazin found the 
GoeS. of expansion at 5 atm to be the same as at 1 atm press. H. Teudt obtained 
an abnormally high expansion between 350° and 500°, and attributed the results 
to mol. dissociation. This, however, has not been confirmed by other workers. 
A. Jaquerod and F. L. Perrot gave 0 0036643 between 0° and 1066°. According 
to E. H. Amagat, the value of a at constant xiress., p aim., at difierent temp, is: 

0- to 15 7’ 0* to os 4* 00 4" to 200 4* 

p , 200 "*lo00~ 3000 loo" 600 ^000 200 ~ ^600 1000 

■ . 0-00476 0 00206 OUOllO 0 00444 0 00331 0 00314 0 00287 0-00241 0-00171 

and at constant press., the values of the coefi. jS are : 


P 

0 


0* to 99 4* 


P 4* to ZOO 4* 


100 1000 2100 100 300 600 100 200 400 

0 00446 0 00567 0 00403 0 00462 0-00600 0 00617 0 00310 0 00361 0 00360 


Observations were also made by L Kolbom and H. Schultze ; and A. W. Witkowsky 
found for 0° to 100° at 10 atm. a— 0-00375, and from 0° to 16°, 0-00376. At 30 
atm. press., at temp, ranging bom 0° to 0° ; 


S ... 100’ 16° 

■ . . . 0 00392 OOOoJB 

-78 6^ 

0 00420 

-130 6" 

0 00434 

-140° 

0-00492 

-146- 
0 00619 

and from 0* to 100°, at p atm. press. : 





p . . 10 30 60 

a . 0 00376 0-00302 0 00410 

70 

0 00425 

90 

0 00437 

no 

0 00448 

120 

0 00449 


R. Mewes discussed the deviations bom Charles’ law. 

Measurements of the fibemud condnetivity of air at0° range from P. A. Eckei- 
Ion’s B 0-00004677 to W. Schwarze’s 0-00005690. L. Graetz gave 0-044838 at 0° 
and O-O 45734 at 100° ; A. Schleiennacher’s values are 0*04862 at 0° and 0-047197 
at 100°. P. A. Eckerlem gave O-O 43678 at —69° and O-O 42 U 6 at —149*6°. 
Observations were also made by D. J. Janssen, A. Winkclmann, P. Compon, 
A. Eundt and E. Warburg, E. Muller, and H. Gregory and C. T. Archer, who gave 
£=^=0*0000563(1+0-0002970); E. Schneider gave 0-0002477(1+0-00390); and 

S. Weber, 0*00)02379(1 +0*003650). II. Gregory and C. T. Archer found that by 
varying the press, bom 760 mm. to 360 mm., ^e thermal conductivity of air was 
not changed ; but on further decreasing the prc8s.« a decrease in conductivity 
became apparent, but did not amount to more than a few per cent, unifl the preBSi 
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Ml below 1 mm., when the conductivity began to fall ofi rapidly. E. 0. Herciu 
and T. H, Laby studied this subject. 

F. de la Bc^he and J. E. Birard ^ gave for the spedflo heat of air at constant 
press. 6p»0'2669 from (f to 100*’ ; H. V. Rcgnault, 0-238 between 30° and 10° ; 0-237 
between 0° and 100°, and 0-237 between 0° and 200° ; W. F. G. 8wann gave 0-2414 
At 20°, and 0-2430 at 100° ; and E. Schcel and W. Heuso, 0-2409 at 20°, 0-2433 at 
-76°, and 0-2600 at -181° ; E. Wiedemann, Cp=r-0-2J89 ; R. Thomas, 0-2346 at 
17° to 36° ; R. Oehme, 0-2371 at 20° ; H. N. Mercer, 0-24^3 , A. Eggert, 0-2372 at 
0° ; and W. Eschcr, 0-2376 at 50°. F. Eeutel gave C7p-=4*nO for the moL heat of 
air at one aim. press., at 0°, and between 0° and 1000°, 0„=4-90+0-000436. 

B. Thibaut gave Cj,— 7-075 at 350° ; and K. Bcheel and W. Heuse, 6-965 at 20°. 
Observations were also made by F. Eohlrausch, L. Witte, A. Cazln, E. H. Amagat, 
E. Schreiner, A. Wullner, V. Fischer, W. D. Wnrmesley, K. Nesselmann, and 
A. W. Witkowsky. According to L. Hoibnm and L. Austin, the oilect of raising the 
temp, is to raise the sp. ht. of air, freed from carbon dioxide, thus : 

0 - ino" 200“ 400* 600 “ S00“ 1000 “ 1200" 1400" 

tp 0-2405 0-2416 0-2424 0-2443 0-2453 0-2481 0-2500 0-2519 0-2538 

These results were represented by the formula Cp=0-2405+0-05 95d. W. D. Womers- 
ley gave for the sp. lit. at ronslant vol., Cp=0-2002 or 5-803 between 0° and 
1500°; and 0-2056 or r„ -5-961 between 0° and 2000°. B. T. Glazebrook 
discussed these results. The observed values in the proximity of room temp, 
range from C,,- 6-796 to 7-755; and Ctf=4-801 to 6-742. H. B. Dixon and 
co^workers gave C^—i'8 \ 0-n004T. For the effect of press, on the sp. ht. of air 
at 20°-100°, Ji. Ilolborn and M. Jacob gave fur p in kgrms. per sq. cm. ; 

p 1 25 50 100 150 200 300 

cp 0-241C 0-2400 0-2550 0-2000 0-2821 0-2025 0-3026 

Cp 6-901 7-209 7-394 7-788 8-107 8-468 8-760 

For the ratio of the two sp. his. ab 0° A. Leduc gave 1-101 ; E. Griineisen and 

E, Merkel, 1-41)34 ; J. R. Partington and co-workers, 1-4103 at 17° ; H. N. Mercer, 
1-400 ; W. 0. Rontgen, 1-405 at 18° ; H. W. Moody, 1-4011 at 20° ; K. Scholer, 
MO at 20° and 1 atm., or 1*41 at 20° and 3 atm. press. ; A. Kalahne, 1-39 at 900° ; 
0. Lummer and E. Pringsheim, 1-4025 at 5° to 14° ; J. Jamin and F. Richard, 
1-41 ; If. Kayser, 1-412 at 0° ; P. A. Muller, 1-4046 at 16° ; E. Paquet, 1-4038 ; 
J. W. Low, 1-3947 ; G. Maneuvrir, l-3!)5 ; W. Makower, 1-402 : B. Hartmann, 
1-413 at 12° ; M. GiuSritot, 1-403 ; M. C. Shields, 1-4029 at 20° ; and T. C, Hebb, 
1-4031 at 0° ; K. Scheel and W, House, MOl at 20°, 1-402 at -76 \ and 1-448 at 
■*-181° ; E, H, Stevens, 1-40 at 0° and 100°, and 1-31 at 950° ; and W. Koch, at 
—79°, 1-40 at one atm. press., 2-20 at 100 atm. press., and 3-33 at 200 atm. press. 
The observed values in the proximity of room temp, range from 1-347 to 1-416. 
J. H. Brinkworth gave 1-4032 fur the ratio at 17°, and 1-4154 at —118°. 6. Piccardi 
studied the thonna] capacity of air. 

The Joule-Thomsoii eil^ for air was measured by J. P. Joule and W. T. Thom- 
son, J. P. Dalton, E. Vogel, F, Noll, L. G. Iloxon, J. R. Roebuck, K. Olachewsky, 

F. G. Eeyes, H. Hausen, N. Euniorfopoulus and J. Rai, and W. P. Bradley and 

C. F . Halo. Expressing the press, in kilograms per sq. cm., F. Noll found the results 
indicated in Table Vlll. 

In 1732, H, Boerhaave tried without success to condense air to the liquid 
stoto by art^cial cold ; and in 1850, J. Natterer likewise failed in an attempted 
liiiuebction of air, although he compressed the gas under nearly 3000 atm. press. ; 
but in 1877, L. Gaillctet obtained liquid air in the form of a mist by compicssing 
dried air, freed from carbon dioxide, at the temp, of liquid nitrous oxide, and under 
200-225 atm, press., and suddenly releasing the press. ; and in 1884, J. Dewar 
described a method of Uquefying air cooled by means of liquid or solid nitrons oxide 
— vide 1, 13. 26. Various forms of apparatus have been devised for liquefying air 
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Tablb V7II.— Jouu!-Teo]I80h BmoT a 9 DnnsaENT Tebipbbatobi» avu Fbus* 

BTTBSS. 


Tomp. 

Firaaaro. 

0 

25 

60 

100 

150 

-56“ . 


0.44 

0-40 

0-37 

0-28 

0-18 

^34" . 


0“3B 

0-34 

0-31 

0-24 

0-17 

-0-6“ . 


0-27 

0*26 

0-24 

0-19 

0-16 

49'* . 


0-20 

018 

0-17 

015 

012 

100“ . 


0-14 


013 

0-10 

0-08 

160“ . 


0-09 

OOB 



005 

1M“ . 


0-05 

0-04 


004 

0-03 

200“ . 


002 

0-02 

0-02 


0-01 


and preserving the liquid, by J. Dewar, C. von Linde, K. Olschewsky, A. Stock 
and B. Hofimann, K. Pictet, B. Mcwes, G. Claude, P. G. Cottrell, W. P. Bradley 
and G. 0. F. Fenwick, etc. Probably, L. Caillctct first solidified air in 1878 ; and in 
1894, J. Dewar obtained it as a clear, transparent solid. The equilibrium relations 
in the liquefaction of air were studied by J. H. Simons. 

For the critioal temperatoTB of air, E. Olschewsky gave —140*0*^, and for 
the critical pfessnref 39*0 atm. ; S. von Wroblewsky gave respectively — Ul-O** 
and 39-2 atm. ; A. W. Witkowsky, 140*9®, and 39 atm. ; and E. H. Amagut, —140-7® 
and 35-9 atm. The last-named gave 0-344 for the critlGal density. J. P. Euenen 
and A. L. Clark gave for the critical temp., —140-63° to — 140-53° ; for the critical 
press., 37*17 to 37*27 atm. ; and for the critical density, 0*31 to 0-35. S. F. Pickering 
gave for the best representative values Te-=132-4° K. ; 3*^*2 atm. ; and Dp 

--0-33 grm. per c,c, S. von Wroblewsky gave —192-2° for the boiling point of 
liquid air, and K. Olschewsky, — 191-4°. The latter also measured the vapoOT 
pressorSi P atm., of liquid air at different temp, with tlie following results : 

-205*’ -101-4* -nr -160’ inO-5'* -I46-> -142’ -140“ 

.0 1 4-0 6-8 12-5 27-5 330 38*0 

B. von Wroblewsky said that while in many of its proporties atm. air behaves 
like a homogeneous gas, so that its critical coustants have been determined, yet the 
liquefaction of air is accompanied by various complex phenomena, resembling those 
noticed in the compression of a mixture of five volumes of carbon dioxide with one 
of air. Thus, if atm. air is compressed until the menisens first formed disappears, 
and the press, allowed to decrease slowly, there are produced two superposed 
menisci, separating heterogeneous fluids, in which the relative proportion of oxygen 
and nitrogen is different, the lower fluid containing about 21-3 ])cr cent., and the 
upper 17-5-18-5 per cent, oxygen. Secondly, the vap. jiress. curves o[ atm. air are 
not regular, inasmuch as on compression the temp, at first sinks uniformly in pro- 
portion to decrease of press., until a minimum point at -1 98° is reached ; on further 
compression the temp, begins to rise to a maximum at —196°, and thence decreases. 
These irregularities of the vap. press, curves show that the two constituents of the 
air are not vaporized equally, and the temp, observed is dependent on the momentary 
composition of the fluid. J. P. Euenen and A. L. Clark studied the condensation 
phenomena in the critical region ; they found the temp, and press, corresponding 
with the plait-point are —140-73° and 37-25 atm., and with the critical point of 
contact, —140*63° and 37-17 atm. The density of the liquid at these points is 
0-36 and 0-31. The critical density of air calculated from the critical densities of 
oxygen and nitrogen by the simple mixture rule is 0-34. 

The compositiDn of liquid air in equilibrium with its vapour has been determined 
by E. 0. C. Baly — vide Figs. 25 and 26, 1. 13, 26. His values for absolute temp, of 
the boiling liquid and vapour with different mol. percentages of oxygen are : 
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J. K. H. Inglis determined the compositiQDB of liquid and vapour in equilibrium 
with each other during the isothermal distillation of mixtures of liquid oxygen and 
nitrogen at —74-7°, -198-3° and —193-93°. If Bp and R are the respective ratios 
of nitrogen to oxygen in vapour and liquid, and m, the molar percentage of nitrogen 
in the liquid, then, at —1 98-3°, i2p/fi/=5-48— O-O^m. When the total and partial 
press, of the oxygen and nitrogen are plotted, the curves have only a slight curvature. 
The results also show that the solubility of nitrogen in oxygen is in accord with 
Henry’s law (1. 10, 1) up to a molar percentage of 70 ; after that, the variation of 
the quotient Cjp for oxygen indicates an association of the oxygen mols. dissolved 
in the liquid nitrogen. Tlie phenomena connected with the isothermal distillation or 
fractional condensation of liquid air have been discussed by A. Orusinofi, G. Claude, 
11. j^dmann, D. A. Ooldhammer, K T. Fischer and H. Alt, E. A. le Sueur, 
J. K. H. Inglia and J. E, Coates. 

The heat of evaporation of liquid air was measured by T. Estreicher,^^ and 
U. Behn. According to J. S. Shearer, the heat of vaporization depends on the 
proportion of oxygon ; and G. Witt represented the latent heat of vaporization 
of liquid air by 49*59^ 0'0143p cab., where p represents the percentage of 
oxygen in the mixture ; the latent heat of vaporization of nitrogen is 49-59 cab.^ 
and of oxygen, 51-92. 

Numerous observations have been made on the index Ol refraction of dry 
atm. air for the D-lino, and numbers ranging from 1*032911 of L. Lorenz to 
I-O 32947 of E. Kettelor have been reported. H. Kayscr and C. Eungc gave the 
following data where the values of fi should have 1-000 . . . prefixed to them : 


A . 0-759 U-G87 0<066 0-Ag9 0-527 0 480 0 431 D-.797 0-393 

fi . 2905 2011 2914 2022 2933 2913 2902 207H 29B0 

A . 0-382 0-373 0-359 0-344 0-336 0-329 0-318 0-310 0-302 0 

II . 2987 2993 3003 3015 3023 3031 3043 3053 3004 3 

E. W. Cheney found 1'032925 for A— 5852 A.; 1032919 for A-G143 A.; and 
1'032012 for A^6G78 A. A. Pdrard found for the visible spectrum: 

A . . . 0-4358 0-6461 0-5780 0-5980 0-6438/it 

^ . . 1 -0329008 J -0,29334 1 0,29273 1-0,20421 1-0,29177 

The index of rcfracKon is proportional to the press, at 600 mm. and 760 mm. ; 
and it is related to temp., 6, by/iQ— 1=(^— I)(x0-003716P), where /Xq b the index 
of refraction at 0°, and /a that at 0'". V. Posejpal, and A. Mallock made some observa- 
tions on the effect of press., p, on the sp. refraction of air, and found 
jLi--l='-0-36269xl0“®p(l-|-0-05357p). W. Traut) represented hb results between 
A-0-lB5jaandO-546jLiby(/i-l)107=Dr)1716/(199-6534-A-2)-4880-3/(43-8193-A-2); 
J. Koch gave (/x2-l)108^57642+327-7/(A2-0-005685) ; and L. Lorenz. 

/^-O*Oi55//(l+a0), when [Iq represents the index of refraction of dry 
air at the same temp, and press., and / mm. denotes the partial press, of the 
mixture in the atmosphere ; M. Opladen studied the effects of between 1 and 
10 atm. press. G. D. Liveing and J. Dewar gave ^—-1-2062 for the index of 
refraction of liquid air for the inline. A. Zwetsrh studied the effect of press, on 
the index of refraction of air. E. Stoll gave for the dispersion ol light for A=4388 
to 9224 A., in air, (fi— l)107=2871-87+16*170A-2, where A b expressed in/^. Lord 
Baybigh, and J. Cabannes and J. Granier studied the polarization and the scattering 
of light in air. G. I. Pokrowshy, and D. Banerji concluded that the scattering of 
light in the atmosphere is largely due to small particles of dust. 

There are numerous phenomena produced in the atm. by foreign substances in 
suspension— vtde infra. The subject b discussed by J. M. Femter and F. M. Exner 
lu their Ueteorologisclie Optik (Berlin, 659, 1910), and W. J. Humphrey in hb 
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(Phikdelplua, 426, 1920). The apparent magnification of tke 
Eemih distance of celestial objects is produced by the so-called astronomical refrac- 
tion discussed by Lord Rayleigh, A. R. McLeod, and others ; the twinkling of 
stars was examined by L. Respighi. The refraction of light by a mass of water 
droplets suspended in air produoes rainbows, etc. ; the refraction of light by minute 
ice crystals of the cirrus and other clouds produces haloes of various kinds ; the 
difindion of light from cloud droplets produces commas, iridescent clouds, and the 
mountain-spectre or Brocken-spectre ; and the scattering of light by the molecules 
of air produces the blue colour of the sky. The polarization of sky-light, disoDvered 
in 1811 by D. F. J. Arago, is produced by reflection from relatively large particles*- 
ebud droplets, dust, etc. — and the combination of primarily and secondarily 
scattered radiation. This subject was discussed Lord Rayleigh, C. Soret, etc. 
The dectromagnetic rotation of the plane of polarization, m, for light of wave 
length, A, between 0'423/x and 0-684^, at 13°, was represented by L. H. Sieitsoma 
by cii=0-0001915A-i+0'00004619A-». 

The odour of a cloudless sky is generally blue, but, according to circumstances, 
it may have the whole range of spectral tints. The zenith at great altitudes 
distinctly violet, and at moderate altitudes blue ; as the angular distance from the 
vertical increases the colour finally merges into a grey near the horizon. Just after 
sunset, or before sunrise, diiTcrent parts of the sky may a])peaT green, yellow, orange, 
or dark red, dependent on the humidity and dust content of the atmosphere. 
Attempts to explain the blue colour date from the sixteenth century, when 
Leonardo da Vinci suggested that the blue is a mixture of white light with that of 
black spare. Isaac Newton attributed the blue colour to a kind of interference 
between the rays reflected from the front and n^ar surfaces of minute transparent 
drops of water. R. Clausius showed that such droplets would cause the stars and 
celestial objects to appear much magnified ; and he assumed that the droplets 
must he hollow. E, B^iieke showed that the droplets are not hollow, and that the 
blue produced by the droplets of water is not the same as the blur of the sky. He 
further showed that a traufijiarent medium containing a sullieient numh(*r of small 
particles appears blue when illuminated with white light ; and that objects can be 
seen clearly and distinctly through such a medium. J. T}m(lall demonstrated 
that such particles with incident wliite light, scatler blue light which is completely 
polarized at right angles to the incident beam. Lord Rayleigh pioved that in the 
absence of all dust the light scattered by the molecules of air aie sullicient to give 
a blue sk}'; and, added L. V. King, molecular scattciing is suffieient to account 
completely for both the attenuation of solar radiation, and the inti^nsity and 
quality of sky radiation. W. Spring considered the hliieiiess of the sky to be due to 
the blue colour of the contained oxygen, ozone, and wuUt vapour, since the rays 
which reach the eye, after reflcclion, and possibly after multiple rcili'ctions, will 
have traversed a longer path in the absorbing mciliuTU than the direct rays of the 
sun It has just been shown, however, that the colour of the sky would bo blue 
quite apart from sidectivc absorption by oxygen or of its compounds. A biblio- 
graphy on this subject has been compih'd by N. E. Dorsey. 

The spark spectrum of air is complex and is formed by the sujicrposition of the 
spectra of its componenth. The relative intensities of some of the lines are altered 
by the partnership. A. J. Angstrum found the spectrum sliowcd mostly the lines 
of nitrogen, and it was quantitatively examined by D. Alter, A. Masson, and 

V. 8. M. von der Willigen. The lines were measured by G. Kirclioll, W. A, Miller, 

W. Huggins, F. Exnor and E. Haschek, P. W. Merrill and co-woikers, A. Hagenbach 
and H. Konen, J. M. Eder and E. Yalenta, F. Brasack, R. Tbaltfn, L. do Boisbaudran, 
etc. J. Formanek gave for the more important lines in the spectrum of air 6563 
in the red ; 5943 and 5933 in tlic orange-yellow ; 6711 and 5679 in the yellowiah- 
green; 5535, 6496, 5454, 5177, 5046, 5006, 5003, and 4941 in the green; 4804, 
4789, 4707, 4648, 4642, 4033, and 4606 in the bine ; 4447, 4432, 4416, 4414, 4348, 
4319. and 4241 in the indigo ; and 4237, 4200, 4137, 4093, 4069, and 3995 m tbs 
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yiolet Iliee&ctoffrM^ was examined by LCailletet, A. CAon,«tc.,irlio found 
the lines broadened with increasing preu. A. Wiilber, and B. Gbldstein exmnmed 
the OWtrunef air. W. N. Hartley and W. E. Adeney, 0. 0. Stokes, T. Trow- 

bridge and C. C. Hatchins, L. Ctcchowsky, 0. Neoviiis, J. J. Hopfield, and E. B. Brest 
■nd W. S. Adams examined the nttra-TioIet speotnm ; W. Schwets, the nltriFlsd 
' and J. Dufay, the spectrum of lightning. 

The aunrapokav, or ouiwu horealii, or aurora aw(ni{i«,or udiaceU Kfht is an imperfeotly- 
undaiBtood luminoua phenomeaoa of the upper atmoBpbere. It appearein vatioua forma, 
being aometimee quieaoent, and at others very ohangeable, showing arcs, bands, raya, 
oiuiaina, patches, difihise glows, and ooronaa. The colour ia uaually white, aomotiznea it is 
variegated red, yellow, or green. A great many observations have been made on the spectra 
of the difiFerant forma of the zodiai^ light by J. R. CSapron, H. Kayser, 8. Arrhenius, etc. 
Much of the light ia due to nitrogen bands, but the aouree of a green line A^O’6677 ia not 
known. It has been attributed to krypton, but other krypton lines are absent, and it ia 
oonBidorod very doubtful if auffioiont kr^iton ia present to produce so intonso a line. The 
brilliant shifting auroral displays are usually accompanied by magnetic storms, and they 
are more numerous during years of aim-spot maxima than during years of aun-spot minunsT. 
It has been suggoaied that tho aurora is produced by negative particles shot from the sun 
and entrapped by the magnetic iicld of the earth ; but L. Vegard and C. Stdrmer auggaat^ed 
that the phenomenon ia produced by atroama of positively charged a-particlea in the upper 
atmosphere ahot of! by radioactive substances in the sun. They added that the green 
auroral line ie due to tlie phosphorescence of solid nitrogen under the elcctronio bombard- 
ment, but J. G. McLennan rould not verify this. The only line observed when solid 
nitrogen is bombarded by cathode rays ia A=523i A. J. C. MrLennan, H. J. C. Ireton and 
K. Thompson, G. Carls, and D. A. Ke^ showed that the line is primarily due to oxygen, 
no oxygen, no 5677-lme. Lord Rayleigh showed that tlm non-auroral light has its green 
line 15677 A„ without the negative band spectrum of nitrogen, and it ia auggeated tliat it 
may be a phenomenon of phoephorescenco excited by the sun in the day-time, and carried 
round by the earth’s rotation. 

0. D. Liveing and J. Dewar cxiamined the Absorption spootnun of liquid air. 
H. £ufi reported that dry air absorbs 50 to GO ppr cent, of the heat rays from a 
source at about 100°, and that the absorptive power of dry air exceeds that of moist 
air. J. Tyndall, on the contrary, found air to be quite diathermous. N. Egorofi 
examined the absorption of sunlight by the atm., and H. Wild showed that if dust 
be excluded, dry or moist air absorbs very little light. 

C. G. Abbot and F. E. Fnwle estimate that of the total radiant energy delivered 
from the sun to the earth, about one-third— ^7 per cent. — ^is dissipated, for it is 
scattered into space by clouds, dust particles, or air molecules, and reflected from 
the surface of the eiirth. Of the remaining 63 per rent., about hall is directly 
absorbed by the earth, and hall by the atmosphere. In addition to the absorption or 
Fraunhofer lines inherent in the solar there are many deficiencies resulting 

from the passage of solar energy through the earth’s atm., and caused mainly by 
oxygen, ozone, carbon dioxide, and water vap. The three last named strongly 
absorb the long wave-length radiation from the earth. According to E. L. Nichols, 
the selective absorption of sunlight by the atm. is very mark^. At O-Bjii, just 
beyond the visible red spectrum, about 8 per cent, of tbe sun’s rays are cut ofi, while 
in the violet, at least half the liglit is absorbed ; it is for this reason too that the 
spectrum of solar light ends soon after the boundary of the visible spectrum is 
reached, and why many rays present in tho spectra of artificial sources of light are 
absent from the solar spectrum. The eye is most sensitive to those rays which in 
the spectrum of sunlight are of maximum energy. Sunlight which has not been 
filtered through the atm. contains so much more ultra-violet radiation that it is 
necessary to protect tho eyes by coloured glass at high altitudes. This is hot only 
because of the excess glare above the snow line, but also because of the dangerous 
ultra-violet rays. Nitrogen and argon have no known absorption bands, and oxygen 
bM only one band, and that is in the extreme ultra-violet or Schumann region. 
The absorption of light by air was examined by A. Kreusler, and E. Warburg. The 
reflecting power of the earth ia small, and tho atm. is nearly opaque to terrestrial 
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ladiations, and it » estimated that approximatdy 60 per cent, of the incident solar 
energy nllimatoly heats the earth's atm. 

Bolometric observations show large water vapour absorption bands, and it is 
therefore inferred that most of the solar energy directly absorbed by the atm. is 
due to the water vap. All these absorption bands are of longoi wavo-'length than 
the region of maximum intensity in the solar spectrum, so abo are the ateoiption 
bands of carbon dioxide and ozone. The amount of solar energy absorbed by 
oxygen, nitrogen, and argon is negligibly small in comparison with the absorption 
due to water vap., ozono, and carbon ^ozide. The absorption of terrestrial radiation 
by water vap., ozone, and carbon dioxide is indicated in Fig. 2, by C. 0. Abbot 
and F. E. Fowle. The tliick curve represents the energy distribution of radiation 
from a black body at 287-2° K. The area of this curve below the irregular full line 
near the top extending as far at least as 20^ shows the absorption of the earth’s 
radiation by a column of 1-13 grins, of water vap. per sq. cm. cross-section as 
computed by H. Rubens and E. Aschkinass ; this amount of water vap. was com- 
puted by 0. G. Abbot and F, E. Fowle to be the average amount in the atm. as a 
whole above the 1780 metre level. The areas below the two bi oken curves show the 
absorption by carbon dioxide above the same level as computed by H, Rubens and 
E. Aschkinass, and C. Schafier. The area below the dotted curve represents the 
absorption of the earth's radiation estimated from E. Ladeubnrg and E. Lehmann’s 
observations. The absorption of the solar radiations by ozone plays an important 
part in the life of animals and plants. Thus, B. Moore suiil ; 

As the light from tlie sun drat utiikes the earth's atm., perha])d one or two liiiridred miles 
above, it ib f^l of ultra-violet light, and violet light. 8ur*h light ia>s as thoao, if thry roaidu'd 
tho earth at the present moment, ^ould annihilate us ; the> ^vould dimply mean deatli 
to the world below. The first thing tliat hapfk^us t o pievonl this is that ozono is developed, 
and by absorption this ultra-violet light is shut out. The solar bpeitrum of simlight la 
known to bo maxked out, to bo lunitod, by tho o^ono dovolopud m tlie upfioi atm., and it haa 
boon shown that if there were only a millimetie ul ozone inter posed hotnoen quartz plates 
nearly all this light, wluch is gorniiCKhvl liglit , would be shut out . It is not rompleloly shut 
out as the light passos thiough tlio air, and that is why thoro must bo natural rulour brreeiis 
in plants and animals and man. 

P. Lenard showed that la addition to the photoelectric effect produced on a 
charged metalhc surface struck by ultra-violet rays, there is a volume eCcet which 
takes place in the gas about the mel al. The ionization is produced by the absorption 
of the ultra-violet rays by the gas itself. Tho effect with air was further studied 
by A. L. Hughes, T, L}mian, D. 11, Loughridge, and F. Fulmer. J. A. McCSlclland 
and J. J. Mllenry btuiLed the nuclei produced in moi&t air by ultra-violet hght; 
H. Kulenkaropil, the ionization of air by X-rays and cathode rays. The absOIj^OD 
ol X-rays from cathodes of different metals by air was studied by K. Wliiddington, 
P. W. Burbidge, and G. Uwen ; the scattering ol X-fajS in air, by C. G. Barkla, 
C. G. Barkla and C. A. Barllnr, and J. A. Crowthcr; the absorption of radiations 
emitted by a high resistance when traversed by on electric current, by G. Reboul ; 
the mobihties of the ions in air, by M. Laporte; W. Elicfoth, the eleciiostriction 
effect ; and A. H. Taylor and E. 0. Hulburt, the absorption of radio-waves in the 
upper atmosphere. 

The earth is not electrically neutral, for its surface is coated with a charge of 
negative electricity which gives rise to a positively charged electric field in the atm. 
Near the beginning of the eighteenth century, F. Uauksbee,^^ J. Wall, and S. Gray 
compared the discharge of electricity from a charged vessel across air to thunder and 
hghtning; and in 1749, B. Frankbn showed tl^t “ clouds that contain lightning 
ore electrified.” G. Bcccaria made observations on atm. electricity extending over 
a number of years. L. G. le Monnier showed that tall insulated conductors become 
electrified when exposed to air with a clear sky ; and 0. A. Coulomb, and W. Lmss 
found that the most perfectly insulated conductors lose their charges when exposed 
to air. These facts depend on the electrical oondliotitity of atm. air. The electrical 
atato of the atm, produces the spectaculai displays of lightning in thunderstorms, 
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tbe fturora poluiB, u>d St. Blmo’s fin (i.e. a bnnch discharge from elevated 
obieots)> 

According to L, A. Bauer and W. F. 0. Swann, when the poioniial gradient at 
Uic surface of the earth is 100 volts per metre, the charge is 2*65 negative electrostatic 
units per sq. cm., or 4*5 X 10^ coulombs for the whole surface ; and the net charge 
of the air ih roughly 0-1 electrostatic unit of positive electricity per cubic metre. The 
potential gradient or the chaise of potential in rising one metre from the earth’s 
BUilace is about 150 volts ; it is rather less for the second metre, less again for the 
third, until about 10 kilometres high, it is practically zero. The potential gradient 
varies with location, being smaller in valleys than on the neighbouring ridges ; it is 
generally smaller in tiopir;al regions than in temperate dimes ; and it is larger in 
winter than in snuiincr. The potential gradient is a minimum about 4 a.m., and 
may rise to a maximum about 9 a.m., and fall to a second minimum about 2 p.m., 
rising to a spcond maximum about 10 p.m., or there may be only one maximum at 
2 to 4 p.m. Wind, smoke, dust, fog, rain, etc., modify and even reverse the normal 
potential gradient. C. Bamsauoi also measured the decrease of potential vertically 
upwards fiom the earth. 

L. A. Bauer and W. F. 6. Swann gave 1-41x10^^ for the positive ion con- 
ductivity of air over land during clear weather, and for the negative ion 
conductivity, M9xl0 The electrical conductivity of the atmosphere is thus 
Gxtremdy small if referred to that of copper as a standard. W. F. Q. Swann 
estimated that a column of air one inch long offers as much resistance to the 
passage of the electric current as a copper cable 3xl0^> miles long and of the 
same sectional area. Sucli a cable ruuld be wrapped round the earth 8x10^^ 
times, and urould stretch from here to Areturus and hack about 20 times. The 
conductivity is generally greater during summer than during winter ; and usually 
high in the morning and low in the evening ; it is small when the air is dusty or 
foggy, and n^latively liigh when the air is clear and dry. The conductivity varies 
irregularly during the lirst kilometre elevation, but above that level it increases 
rapidly, and at G kilometres elevation it has 20 times its surface value. According 
i 0 W. J . IIumphre 3 rs, the sporadic electric curients, produced in the atm. by lightning 
discharges, may amount to many thousand amperes ; and those due to falling rain, 
snow, bail, etc. average 10-^® amp. per sq. cm. in ordinary rain, but with rain accom- 
panied hy thunderstorms, as much as amp. per sq. cm. has been reported. 
There arc also two forms of electric currents which arc always flowing. One is 
produced by the mechanical or convective transfer of ions from one place to another 
by winds, etc. The average amounts to 10-^® amp. per sq. cm. with the wind 
passing at a metre per second. The other is due to the downward flow of one kind 
of ions- generally positive — and the upwaid flow of ious of the opposite kiiuls. The 
average conductive current produced in this way amounts to 3xl0-i® amp. per 
sq. cm. Jt. A. Millikan and I. S. Bowen investigated the conductivity of air at 
altitudes from 5 to 15-5 kms. The subject was discussed by V. F. Hess, Die elchnschc 
Leitfahiukeit der Aimosphiite und ihre Ursachm (llrauiisehweig, 1926); K. Matliias, 
Tmiie d* Her fricite atnwsphmquc H teVitrigue (FaTis, 1924); and by B. Ohauveau, 
DIcciricite almsphiriquc (Baris, 1922). T. A. McLaugbliu studied the esataphoresis 
of air-bubbles in various liquids. 

According to modem theories, the conductivity of atm. air is produced by 
ious. C. T. R. Wilson, and H. Geitel discovered that spontaneous ionization occurs 
in the aim. ; and E. Rutherford and H. L. Cooke, and J. 0. McLennan and 
B. F. Burton showed that the lower atm. has penetrating rays presumably derived 
from radioactive substances near the surface of the earth. A. Gockcl attributed the 
ionization of the atmosphere to the influence of the sun as shown hy the diurnal 
and annual variations in the conducstivitv. P. Laugevin also found the existence 
of largo ions of molecular size moving with a comparatively small velocity. These 
ions are probably the charged nuclei of cloudy condensation discussed by J. Aitken, 
J. W, Broxon, H, Kulenkampff, Q. A. Auslow, W. W. Merrymon, V, I. Baranoff, 
VOL. vm, I, 
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J. T. Nolan, J. J. Nolan and J. Enraglit, E. Marsden, W. Kohldrater, A. D. Foweri 
3, F. Lohmann and T. 11. Osgood, 3. Clay, H. A. Erickson, F. Bohounek, M. Akiyama, 
B. A. MiUikon and B. IL Otis, F. Bamon y Fcirando, A. Wigand, L. B. Loeb, 
A. Slager, A. L. MrAulay and N. L. Uutohinson, £. M. Downoy, A. Steiohen, 
W. F. U. Swann, A. Panm*koek, R. Glocker and L, M. Valasek. B. A. Millikan 
and G. Tl. Camoron, and G. M. B. Dobson studied the ionization of air. 

J. Elbter and H. Gcitel found iliai a bare wire exposed to air and negatively 
charged gradually acquires a coating of radioactive material, and II. A. Dumstcad 
found that the radioactive material of the atm. consists essentially of radium and 
thorium emauations. L. A. Bauer and W. F. 0. Swann estimate that the radio- 
activity of air over the Pacific Ocean is eq. to 3*3 X 10^^^ curie of radioactive emana- 
tion per cubic metre ; over the Subantarctio Ocean, 0-4 X 10-12 curio j over the 

land, an average of B8 X 10“i^ curie. From E. Euthe rf ord*8 obtimate of the vol. of 
curie of emanation, Ihc respective vols. of emanation are 1 *95x10-1®, 0*24x10-1® 
and 51-9 X lO-i® part of the atmosphere. These amounts do not suffice to maintain 
the ionization of atm. air over tlic oceans, and ])robably only a part of that over the 
land'— vids 4 . 26. 3. It has been estimated that 2 to 6 pairs of positive and negative 
ions are produced in each c.c. of atm. air per sec. The cone, of the ions does not 
increase indefiiiitiOy because when the cone. rracLes 2400 of each kiuJ per c.c. the 
rate of combination of the iems to fonn neutral molecules is equal to the rate at 
which the ions are fomed. According to A. S. Eve’s estimate, the radioactive 
material in the earth can account for the production of 4*35 ions per c.c. 

-I iiiDH iior c.D. ^lunB per c.e. 

Moim of land obsurvnfLons . . • .7.17 608 

Moan of SOB ubhoivatiouB .... 770 632 

E. Buthoiford and H. L. Cooke, and J. C. McLennan and E. F. Burton found 
that air freed from radioactive air and confined in a hermetically scaled vessel, over 
land, spontaneously forms about 10 ions per c.c. per sec, This is due to the penetra- 
tive y-iadiatiuns derived from the radium and thorium, and tlieir dibintegration 
jjroducls in the soil. Over the sea, where there is practically no radioactive material, 
the ions are fonned at tlie rate of 4 ions jicr c.c. per sec. in a copper or zinc vessel. 
W. Eolhoister found that with increase of altitude, the ionization within the closed 
vessel decreases up to an altitude of about 700 metres, showing that the conductivity 
of the air is produced by they-radiations from the radioactive matters in the earth. 
Above 700 metres, however, the speed of ionization increases rapidly with increasing 
altitude, until, at 9000 metres, the ions are produced at the rate of 80 per c.c. per 
BBC., and probably higher values at higher altitudes. This suggests a radiation from 
a source external to the globe or from some agency in the upper regions of the atm. 
F. Linke says that a layer of strongly radioactive cusmical dust is present in the atm. 
at an altitude of 20 kms. The ionization of air over the ocean and land is 
probably due to this cause ; while the additional ionization over the land is derived 
from the radioactivity of the soil — vide 4 . 20, 3. S. (^hapinan and E. A. Milne 
showed that if the a-particles, at the outer fringes of the atmosphere, possess 
velocities of the some order as those observed with radioactive substances, if 
directly inrident from outside, the fastest could penetrate to a height of 80 kms. and 
the slowest 85 kms., and this is indepe ndent of the level at which diffusive separation 
is supposed to commence, and of the presence or absence of hydrogen. This result 
is to bo contrasted with that of L. Yegard, who found that the height reached would 
be 200 kms. for a-particles with the initial vtdocity of those from radium-O. The 
importance of these results is in their bearing on the theory of auroras (which are 
confined to the 100 kms. to 130 kmB. layer) ; it assumes that they are the manifesta- 
tion of the absorption by the atm. of a-particles emitU'd by the sun. The penetra- 
tion of the atmosphere by j3-rays andy-iays Would give rise to well-marked layers of 
ytiaTim nm ionization at about 54 kms. and 26 kms. respectively. G. Hoffmann said 
that there is nothing mysterious about the penetrating radiations at sea-level, for 
(bey are derived from known radioactive elements. The origin of the high frequency 



NITBOOEN 


35 


radiation was diAoussed by V. E. Hess, B. A. Millikan, E. Behonnok, W. EolhSister, 
K. Butheifonl, W. E. 0. Bwann, etc. A. Wigand believed that the penetrating 
radiation of the higher atmosphere has a wave-length shorter than the y-rajs. 
The radioactivity of air was also studied by W. &hmidt, B. A. Millikan aud 
(J. n. Oamc^ron, and L. N. Bogoiavlensky and A. A. Lomakin. 

Thu earth is continually losing negative electricity owing to its potential gradient 
in a conducting atmosphere. The current from a sq. cm. of the earth's surface is 
about 2 X amp-t and from the whole earth, about 1000 amps., and this supply 
maintains 90 per cent, of the earth's charge which would disappear in 10 minutes if 
not replenished. If the negative charge of the earth s surface can be explained, there 
is no need to account for the positive charge of the atmosphere. The conductivity 
of the atm. increases with altitude, and at 9 kms. its atm. has thirty times the 
conductivity it possesses at the earth’s surface, Hence, with a constant potential 
gradient, more negative electricity would be driven onward than would be driven 
from the earth into the atmosphere. Hence, the shell of air below 9 kms. would 
brcoino positivc'ly charged, and the pot cntial gradient would be accordingly reduced. 
This process wouhl continue until the decrease of tlie potential graiiient with 
altitude just compensated for the increased conductivity. G. C. Simpson suggested 
the earth's charge is maintained by the emission of positive and negative corpuscles 
of a high penetrative power of the sun ; the penetration power of the negative 
corpuscles is greater than that of the positive ones, and sufficient to enable them to 
icach the earth’s surface charging it negatively ; while the positive corpuscles are 
caught by the atmosphere charging it posit ively. C. T. B. Wilson suggested the ions 
111 the atm. act as nuclei for the condensation of water ; and since water condenses 
more readily on negative than on po.Hitive ions, the rain should be charged negatively, 
the atmosplierc* positively. As a matt(‘r of fact, rain is sometimes charged positively 
and sometimes negatively— but 75 per cent, of the charge is positive, i.c , of a sign 
opposite to that required by theory. H, Ebert, and J. Elster and II. Oeitel noted that 
the negative ions of the atm. diffuse more rapidly than the positive ions, so that, with 
the barometer falling, the highly ionized air in the ground, by a kind of atmolysis, 
emerges with a positive charge. G. C. Simpson, W, F, G. Swann, and II. Gcrdcin 
have shown that this hypotliesis is quite inadequate. W. H. Bragg observed that 
when they-rays ionize a gas, the electrons emitted are shot off in the direction of the 
incident y-ray. The more penetrating the radiation the greater the effect. Hence, 
argued W. F. G. Swann, when the penetrating y-iadiations ionize air from above 
downwards, most of the negative electrons which are emitted will be travelling down- 
wards before they come to rest. Hence, the earth’s surface, receiving the negative 
electrons, will acquiTe a negative charge, and the atmosphere a positive charge. 

11. Ebert, ondG. Hoffmann found that liquid air is a non-conductor of electricity, 
but if pieces of metal be placed therein, an electric charge is acquired. The liquid 
lubes this property if fdtered, bub acquires it again when exposed to the atm. Water 
is absorbed, and Lhe friction of the contained ice gives the metal a negative charge 
while the ice requires a positive charge. The residual ionization of air was measured 
hy W. W. Menymon. The nature of tlie ions in air was discussed by H. A. Erikson ; 
and the mobilities of ions in mixtures of air and ammonia, by L. B. Lueb and 
^hley.22 j, Chadwick and K. G. EmcKus, I. Curie, and L. Meitner and 
K. Frcitag studied tbc tracks of the a-pariiclcs in air. The ionization of air by 
oxidation processes Las been discussed by W. P. Jorisscu and W. E. Ringer, and 
by R. Schenck and co-workers— lu'ic 4. 26. 1. The mobilities of ions in air was 
discussed by J. J. Nolan, H. A. Erikson, and W. B. Haines ; the consumption 
of energy in the ionization of air, by L, Grebe, and L, Frebo and L, Kneges- 
mann ; flie attachment of electrons to the molecules of air, by V. A. Bailey ; 
the transformation period of the positive ions, by L. M. Valasek; the loss 
of energy of the a-particles in air, by P. L. Kapitza ; the ionization of air by 
, rieetjons, and a-raya, by L. Grebe, T. R. Wilkins, J. F. Lehmann and T. H. Osgood, 
and G. A. Anslow ; the production of j9-rays in air by X-rays of short wave-length, 
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by H. Ikeuti.' For the vdcKiity of the ione in an electric field with e potential 
difieienee of one volt per cm., J. Franck gave, for positive ions in dry air at about 
IS*’, and 760 mm. press,, 1-35 cms. per second, 0. Rothgiosser, 1*331 ems. per second. 
For negative ions, J. Franek gave 1*82, and G. Rothgicsscr, 1-927 cms. per second. 
With moist air, at 15^, the latter gave 1-325 cms. per second for positive ions and 
1-610 cms. per second for negative ions. The speed of dectroos in air was measured 
by A. Becker, P, Lcnaril, A. M. Tyndall and 6. 0. Grindley, L. B. Loob, W. Busse, 
H. B. Wahlin, H. R. Hasae, and J. Robinson. For the diffusion coefficient ot ions in 
moist air, J. Townsend gave 0*032 sq. cm. per second for positive ions and 0*035 
sq. cm. per second for negative ions ; and in dry air, he obtained 0-028 sq. cm. per 
second with positive ions and 0-043 sq. cm. pci second for negative ions. E. Ruther- 
ford, J. !^anck and W. Westphal, and E. Salles obtained similar data. The rate ol 
leeonkbinatiQn ol ions, dnldt^an^, where n denotes the cone, of the ions, repre- 
sented by the ratio a/c, when e denotes the elementary charge in electrostatic 
units, values ranging from 3200 to 3500 — mean, 3368— have been obtained by 
J. Townsend, R. K. McOlung, P. Langevin, L. Hondron, H. A. Erikson, H. Thirkill, 
H. Ogden, and H. Seeman. W. Busse discussed the monomolecular ions in air; 
and L. M. Valasek found the rate of change from that of newly formed positive ions 
with a velocity of 1 '87 cm. per sec. to ions with a velocity of 1 37 cm. per sec. 

The resistance of the air to the passage of a spark was examined by A. Over- 
beck, T. Holnien, Lord Kelvin, A. Hcydwciller, E. Hospitaller, C. V, Steimneiz, 
E. Jona, etc. The discharge tension of the current required for spherical electrodes 
at diilerent distances apart in air at different press, has been the subject of many 
investigations. A. Orgler found with air at different press., p, and with 0*1 and 
0*5 cm, spark gaps, the tension required for the discharge was ; 

p ... 750 650 450 250 100 60 20 mm. 

Kilovolts (0*5) . 17-450 15-470 11-420 7-110 3 579 2-505 1-2U0 

Kilovolts (0-1) . 4-606 4-062 3-120 2 040 1-092 0 795 — 

The structure and form of the sparks were studied by T. Terada and U. Nakaya ; 
the point discharge, by J. Zcleiiy, and W. C. Runtgeu ; the discharge with cylindrical 
electrodes, by J. 13. Whitehead and co-workers, S. P. Farwell, Vj. A. Watson, 
J. W. Broxon, and F. Schaffers ; the corona discharge in air, by C. H. Wills ; the 
glow discharge, by W. Stephenson ; and the ch-ctrodeless dischargi', by E. Bouty, 
and II. Wagner. The potential difference of tlie cathode for the glow di.sclinrgo 
with electrodes of different metals in air was measured by K. UottgaTdl,"^ 
A. Schaufelberger, £. Warburg, and C. A. Skinner. E. Meyer studied the 
effect of traces of imjmrities ; H. Stucklen, the effect of moisture on the sparking 
potential of air ; and F. Gross, the cathodic spluttering. F. Fcrnie studied the 
electrical break-down of air ; A. Giiniher-Scbulze, and K. 6 Emeleiis, the distribu- 
tion of potential in the glow discliargi^ in air; E. F. Burton, the spark potentjal ; 
and H, Fischer, the discharge with Tesla currents. J. Estalelle, A. Plante, 
L. Schopenhauer, and E. Mathias discussed the effect of lightning on aim. air. 

The dielectric constant of atm. air was found by L. Boltzmann to be 
1*000590 at 1 atm. press, and 0"^ ; K. Taiigl gave 1-01080 at 19" and 20 utiii. ; 
1*03281 at 60 atm. ; and 1*05491 at 100 atm, press. ; H. Riegger, 0-001902 at 
—185*5° ; A. F. Carman and K. 11. Hubbard, 1 000594 at 0" and 760 mm. ; and 
E. C. Fiitts, 1-000340. For liquid air at the b p, and atm. press., M. von Pirani 
gave 1*432 for A-- « ; and U. Bohn and F. Kiebitz gave 1*47-1*50 for A=:75. 
A. Russell expressed the dielectric properties of air as 38-39 kilovolts per cm. , 
J. J. Thomson, 30 ; M. O'Gorman, 27 ; and C. F. Steinnietz, 36*2. W. Kliefoth 
observed the dectrostriction, or contraction in vol., which occuis on applying a 
powerful electrical iield, showing that the attraction between the molecdcs of 
air has an electrical oiigm. Values fur the magnetio suscoptibility of air ranging 
from -|-0*024xl0 ® to +0-03085x10”® have been reported by 0. Quincke,*® 
H. du Bois, 3. A. Fleming and J. Dewar, P, Curie, R. Heunig, T. Sou4, and 
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W. P* Boop-^fot air at atm. pieu. and 16° to 22° ; for air at 40 atm. prew., 
G. Quincke gave 1*3X10-^ nuuse unite; V. I. Vaidyanathan gave O'O29xlO*0 
vol. units at oi^naiy temp, and at a low press. ; and for air at 182°, J. A. Flem- 
ing and J. Dewar gave 0-28x10-® mass units; E. Lehrcr, 24*16X10^ absolute 
values ; and G. W. Hammar made observations on this subjecst. W. Schiitz, and 
K. S. Erishnan observed no orientation of the atoms in a magnetic field. 

N. T, do Saussure said that 100 vols. of water at i5° absorb about 5 vok. 
of atm. at 760 mm. press. The solubility of air in wakf has been studied by 
0. F. Tower, ViT. Dittmar, E. Wiedemann, W. French and F. Ashworth, 

K. Augstrdm, W. E. Adcney and H. G. Becker, J. H. Coste, B. Bunsen, H. E. Boscoe 
and J. Lent, H. E. Hamberg, H. Tomoe, B. Schulz, and 0. Fetterson and E. Sond^n. 
J. Metschl discussed supersaturated soln. of air in water. According to 

L. W. Winkler, 1000 c.c. of water dissolve the proportions of oxygen and nitrogen 
indicated in Table IX ; the air was freed from carbon dioxide and ammonia. The 

Table IX.—Tub SoLOBiLErY or Am in Water. 


Tf-mp. 

0, c.c. 

K, B.O. 

Total O.C. 

Per cent. 
Oi In lUs- 
^olvpd air 

Temp. 

0| C.C. 

. 

N, C.C, 

.. 

Total c.c. 

Percent. 

1 0) In diB- 
Bulved air. 

m 

10-19 

PPI 

m 

34-91 

16“ . 

8-OB 

13-35 

20-14 

34-31 

2® . 




34*82 

18“ . 

6-61 

12-77 

10-38 

34-12 

4“ . 

0-14 

■vdM 

26-32 

34-74 

20" . 

6-3G 

12-32 

18-63 

34-03 

6" . 


16-38 

E'VIil 

34-65 

22" . 

Oil 



33-95 

8" . 

8-26 

15-64 


34*56 

24“ . 

5*89 

11-49 

17-38 

33*86 

10“ . 

7-87 

14-07 

22*84 

34-47 

26“ . 

5-67 

11-12 

10-79 

33*77 

12- . 

7*52 

14-35 

21-87 

34*38 

28“ . 

5-46 

10-75 

16-21 

33-68 

14“ . 

7-19 

13-78 

20-97 

34-30 

30“ . 

5*26 

10-38 

15-64 

33*00 


barometer was normal. Nitrogen includes argon and other inert gases. The 
results of A. Mallet were discussed in 1. 10, 6. J. Porter measured the solubility 
of air at normal press, in purified and in alkaline water at various temp. He 
found that more an remains in the water than corresponds with its solubility, and 
this uir is evolved only when the temp, is raised above 80°, It is suggested that this 
air is not in an unstable supersaturated condition, but it forms a layer firmly bound 
to the surface of the vessel so that it has no appreciable vol. This air con be 
liberated provided the temp, be kept at 60° for 2 or 3 hrs. J. Porter also measured 
the rate at which air is absorbed from the atm. by dc-aerated water. W. Dittmar, 
H. Tornoe, and H. E. Hambeig examined the solubility of air in sea-wafer ; 
0. F. Tower, in dil, and cone. suIpAuric ocuf. 

Goii(r. of H1SO4 . . 08 90 BO 70 60 60 

Solubility . . 0'0173 0 0009 0 0060 0-0056 0-0050 0-0076 

A. yon Antropoff found air to be soluble in miline and in acetic add ; F. Dolezalek, 
in benzene; and A. Christoff, in ethyl efAer— such that one vol. of ether absorbs 
0-290 yol. of air at 0° and 760 mm. ; 0*287 vol. at 10° ; and 0-286 vol. at 15°. 
According to S. Bobinet, 100 vols. of 95 per cent, alcohol dissolve 14*1 vols. of 
air ; pHrokum, 6-8 vols. ; benzene, 14*0 vols. ; oU of lavender, 6-9 vols. ; oil of 
turpentine, 24-2 vols. The adsozptiflil of air by charcod has been studied by 
E. Siebel.®® F. Bergter, E. Berl and E. Andress, J. Chappius, A. B. Lamb and 
co-workers, V. Lefebure, S. McLean, H. B. Lemon and E. Blodgett, and A. Piutti ; 
indiflrubber, by H. A. Dayncs, T. Graham, C. G. Hiifncr, and V. Lefebure ; J. D. Ed- 
wards and S. F. Piok«ring found that if the permeability of rubber for hydrogen 
5 n value for air is 0-22, The adsorption of air by zeolites was studied by 

Briedel; cbobosAe, by B. Nacken and L. Wolff, and B. Beeliger; soils, by 
E. michardt, and H. B. Fatten and F. B. Gallagher ; salts, by P. A. Guye and 
N. Zwb^des ; silver hrmtUe, by J. H. Beedy ; sUver hdidrs, silver phosphate 
fznd wdine penttmde^ by T. W. Eichards and G. P. Baxter; benzoic acid^ and 
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fdkamm chlwii?, by A Booti , cop^ oxftfe, by P A Quvp and N ZarhariaJea ; 
and ceUuloidi viscose, or arUficuA sUk, and gdatm, by V. Lefcbure. 
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S 8. Hie niaooTery ol Nitrogen 

lie merit e do la d^couverte d ime v^rit4 appartient tout entiei k celui qui la d4montre. 
^r. B. UE Lafla CK. 

It is (liffirAilt to state precisely who first isolated nitrogen and clearly recognized 
it us a definite substance. In his experiments on combustion or burning ( 1 . 1, 
13-16), John Mayow, during his investigation on nitre, got verjr near, if he did not 
(ret actually there, ^vcral others also were not far away from the discovery. As 
Cr. F. Kodwell^ pointed out, the man who deduces on good mental evidence, or 
(>ven proves by actual experiment, the existence of something not known before is 
not always recognized as the discoverer ; but rather is hailed discoverer he who 
])roves by a conclusive series of experiments that the substance in question has 
juuperties, sut generis, distinct from all other substances. He alom discovers 
vchu proves. Otherwise, Boyle or Paracelsus would be called the discoverer of 
liydiogcn ; Lucretius, of carbon dioxide ; J. Kunckel, of ammonia ; Eck de Sultz- 
baoh, of oxygen ; Hooke or Cassinij of the law of gravitation ; etc. D. Rutherford 
is generally credited with the discovery of nitrogen. It appears that Joseph Black, 
having noticed that a residue was left after the combustion of carbonaceous bodies 
in air. and the absorption of fixed air produced by the combustion, suggested to 
one of his pupils, Daniell Rutherford, the desirability of an investigation on this 
subject, lu 1772, I). Rulherlord published a thesis entitled: Dissertatio 
inaugauralis de acrefiio dicto aut niephilico (Edinburgh, 1772), in which he said : 

By the respiration of animals, healthy air is not meroly rondored mephitic but it also 
suflors another chouge, fur after the mephitio portion is absorbed by solution of caustic 
alkali, iho remaining portion is rendered salubrious ; and although it occasions no 
precipitate in limo water, it nevertheless oxtinguishoa ffomes, and destroys life. 

D. Rutherford thus removed oxygen from the air by such combustibles as phos- 
plioius, charcoal, etc., and washed out the products of combustion by alkali-lye or 
lime-water. The residue was called by him phlogisticaled air ; hydrogen was also 
railed phlogisticated air. D. Rutherford believed that nitrogen was produced 
when the burning body gave up some of its phlogiston to the air ; while hydrogen 
was produced by the union of phlogiston with atm. air. 

In the manuscript papers of H. Cavendish, there is one which he marked “ com- 
municated to Dr. Priestley,” and which is acknowledged by J. Priestley in his paper 
on Airs. Here, H. Cavendish clearly distinguished nitrogen from other kinds of 
unrcBpirable and incomhiistiblo gases, and proved by experiment that atm. air 
consists of two parts, one of which in the combustion of charcoal is converted into 
fixed air, and the other is a mephitic air sui generis. He said : 

““'^ural moaning of mrphiiit ait is any which suffocatos animals . . . Out in all 
pruDability them aro many kinds of air which posBeas this property. ... I transferred 
bODio ccminoii air out of one receiver throu^ burning charcoal into a accoiid receiver . . . 
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the air in the Beeond receiver me poeeed back again through Iresh buming eharooal into 
another receiver ... the fixed air formed in eacli case me abeorbod by eope lesre. TIm 
180 oz. measures of air in the first receiver was reduced to 162 oz. mBaauros of this mephitic 
air. The sp. gr. of this air was found to differ very little from that of common air ; of the 
two it seemed rather lighter. It extinguished flsme, and rendered common air unfit for 
makmg bodies bunii in the same mamier as fixed air, but m a Joss degrei.^ os a candle which 
bumf about 80 hoc. in pure common air, and which went out immediately in common aiz 
mixed with ^th oi fixed air, burnt about 26 soc. in common air mixed with the same 
portion of this burnt air. 

H. Cavendibh called this residual air mephitic air, and added ; 

In all probability there are many kinds of mephitic air. I am sure there ore two^ 
namely fixed oir, and common air m which candles liave burned, or which has passed 
through the fire. Air which has passed through a charcoal lire contains a gioat deal of 
fixed air which ih gonurulod from the charcoal, but it consists principally oi common air 
which has siilfored m its naluro from tho fire. 

It is estimated that the nitrogen thus prepared by II. Cavendish contained 
about one-tenth of caibon monoxide. The portion of the aiiv— oxygen* -which has 
disa]»pearrd in HulS expeiiniciit was supposed to have been absurhed by the fumes of 
the burning chaicoal. Tbo recognition of the inert gases in atm. air was discussed 
in the chapter on the inert gases. 

A. L. Lavoisier first called the residual gas la moufetie atmospherique, and 
afterwards azote; C. W. Scheele, ve^dorhene lAift ; and J. A. G. C'haidal de Chautc- 
loup suggested the name nUrogenc — from vLrpov, saltpetre ; and yevviix), I produce 
— ^because the gas is a constituent of nitre. The Germans call it SiirUtoff. The 
term azote may be deiivcd from the alchemical term ozoi/i— possibly made up from 
the initial letter a of the Latin, Grecian, and llebraic alphabets, and the last 
letters of these alphabcts—rrferring to a hypothetical me7cufy of — ^what- 
ever that may mean. A. Libavius said that azoth may be derived fiom an old 
Spanish-Arabian tenn azoquf or aaoc for mercury : and that the term may even be 
an abbreviation of iJLVUTTqpiov d^corov, the revealed secret. 
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§ 4. The Occurrenoe of Nitrogen 

Nitrogen is the dominant element in air. The gas being a little soluble in water, 
it is also found dissolved in sea-waters, rivers, and rain-water. Nitrogen also occurs 
in mineral waters, and in the gases rlenvod from these springs. Thus, K. Bunsen ^ 
reported [)9'5 per cent, nitiogeii in the gases from the geysers in North Iceland ; 
J. L. Smith, 97 per cent, in the ga.s from the Yalova B})rii]gH, Asia Minor ; M. Bam- 
berger and A. Lhndsiedl, 94-83 per cent, in the gases from the Voslau springs near 
Vienna ; E. Ludwig, 84-83 per cent, in the gas from Olovo ; P. Bourcet, 61-16 per 
cent, in the gas from Joule, Jura ; E. Ludwig, 5-44 per cent, in the gas from the 
springs in the vicinity of Banjaluka ; and F. lUgsby, 0-45 per cent, in tbo gas from 
tbe springs at Mont Dore. Other observations have been made by C. Moureu, 
A. L^irgotti and G. Anelli, C. Bouchard and A. Desgroz, ii, Nasini and F. Andeilini, 
H. Siegiriund and P. Juhasz, G. f^arrara. E. Ludwig and il. von Ziynek, H. Wurtz, 
M van Breukeluveii, F. Panuentier and A. llunon, 
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VariaUe quantitieB of nitrogen have been reported in the g^s of volcamo 
0 []gin by T. whlosing.* H, Davy reported nitrogen m the gas from inclofiiona m 
locks W. F, HiUebrand found the gaa occluded in uramte, etc . — vide helium. 
W N. Hartley, W. A. Tildcn, and 0. Tschemik found the gas in a number of rocks 
and mmerals-^e.;. sapphire, topaz, coal, lignite, etc ; A. Gautier, m gramte, 
poipliyry, otc. ; and (J. Erkin, m sandstone, oolites, marls, fuller’s earth, etc. 
A Dl lease reported 0*008 per cent, in green fluorspar ; 0*002, m smoky quartz ; 
U 03, in opal ; 0*012, in Iceland opal ; 0 007, in chalcedony ; 0 001 , in emerald ; 
0 0J12, lu topaz ; 0*01, in barytes , 0 026, in gypsum , 0-015, in Iceland spar, and 
lu stalactites; 0*019, in iron spar, and 0*017, m smithsonite The nitrogen was 
not dll accidental infiltration from the surface Very little was found m pyroxene, 
garnet, mica, talc, steelitc, and zeolites J. Parry, and A. H. Allen, etc , showed 
that iron and steel contun some occluded mtrogen. 0 . Silvcstn reported it 
occurring as iron nitride in some fresh lava from Etna , and J B J. D. Bous- 
siugault found it to the extent of 0 011 per cent, in the occluded gas of the metcono 
iron from Lenarto 

T W Kichards found that nitrogen occurs m traces in many oxides prepared 
liy the calcination of mtrates Nitrogen occurs in numerous chemical compounds 
-e g nitrates, ammonium salts, alkaloids, etc A F de Fourcroy ^ found nitrogeu 
111 the swimming bladder of the carp Nitrogen occurs combined in ammonia, 
iiilrc, and a great many animal and \ egetable pi oduc ts— e g white of egg, protcids, 
lU It IS a ronstani and rssential const] tiuiit of all living organisms, all life 
hceins to dcjiend upon the transformation of proteid compounds J Davidson 
studied tlie change m the nitrogen content of wheat Rcedlmgs duiiug germination 
and growth, and R Combes, the accumulation of nitrogeu by the foluge, stem, 
and loots of a two-year old beech during 16 months' growth 

C A Young, n Draper, C.Fievcz, A Fowler and 0 L Gregory, etc , observed 
that mtrogen lini s occur m the spectrum of the sun , but, as show n by M N Saha, 
11 k evidence is not conclusive, and he added that although no lines of nitrogen 
iKiur in the solar spectrum, the preseiue of mtiogtn u rcveilnl by the e\isttmce of 
ivjiiogeii bands. This question was also discussed by F. E. BaxandaU, and 
W II \^ right. 
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§ 6. The Pieparation ol Nitrogen 

Nitrogen is easily obtained from air by removing the admixed carbon dioxide 
and oxygen. This is conveniently done by burning a piece of phosphorus in a dry 
omcible floating on the surface of water under a small bell-jar. The phosphorus 
combines with most of the oxygen^ forming phosphorus pentoxide, and this quickly 
dissolves in water, leaving behind the nitrogen. If the water be alkaline with 
sodium hydroxide, the carbon dioxide, normally present in air, will also be removed. 
The nitrogen so prepared is not pure because the phosphorus ceases to bum before 
all the oxygen has been removed. A soln. of cuprous chloride in hydrochloric acid 
rapidly absorbs oxygen from air, and leaves behind the nitrogen-^^c supra, the 
analysis of atm. air. It is best to remove the carbon dioxide by first passing the 
air through a soln. of sodium hydroxide ; and to absorb the oxygen by means 
of an element which will form a non-volatile oxide. C. Brunner, ^ and Gr. Spencer 
used red-hot reduced iron. Copper is gencraUy considered best for the purpose ; 
the turnings ofier a large surface of oxidizable metal to the air. This agent was 
employed by J. B. A. Dumas and J. B. J. D. Boussingault, R. Bunsen, F. von 
Jolly, A. Leduc, T. Weltoii, 0 . Frankc and 0 . Finke, Cyanid-Gespllschaflj, L. Carius, 
and R. Threlfall. M. Berthelot removed the last traces of oxygen by chromous 
chloride — vide supra — and H. Dcslandres by molten sodium. The general process 
is as follows ; 

Air freed from eurbon dioxide in a waali bottle of sodiiun hydroxide, A, Vig, 3. and 
from moisture by passage through sulphurir acid, B, is then passed Ihrougb a red-hot 
tube containing copper turnings. Ihe copper removes the oxygen and forms cupric oxide : 
2Cu4-C),=:20u0. The nitrogen pussi^H on to be cnilectod lu u gas jar, or gasliolder, etc. 
In the diagram, the air is supposed to be drawn over the copper, the gasholder being filled 



Fio. 3.- Preparation of Nitrogen. 


with nitrogen. If the gasholder were plaecHl at the end A, and air forced along the tulies. 
the nitrogen gas rnjiild lie coUectcnl in gas jars, Fig. 3. Cold boiled water sliould used 
in the gasholder so as to lesson the nsk of contamination owing to the jiresence of oxygen 
dissolved in ordinary water. 

The process of oxidation of course ceases when all the copper is oxidized. If 
the air, before passing over the red-hot copper, be led through an aq. soln. of 
ammonia, as recommended by S. Lupton, the ammonia reduces tliP copper oxide 
as fast as it is formed: 2Cu-|-02+nN2-2Cu0+nN2; and 3 CuO-|- 2 NH 8 
=:= 3 Cu-f 3H2O+N2. Any excess of ammonia can be removed by passing the gas 
from the copfier tube through a soln. of sulphuric acid before it is collected in the 
gasholder. This process was suggested by A. 0 . V. llarcouil, and used by 
S Lupton, H. Bills, M. Berthelot, R. Threlfall, W. L. Badger, etc. C. van Brunt 
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devised tlie apj^aratua illiistrated, Fig. 4, for obtaining nitrogen from the air by the 
ropper“ ftTnTn onia process* A mixture of equal vob. of a sat. soln. of conuueicial 
ammonium carbonate and ammonia of ap. gr. 0-93 is intro- 
duced into the voaael A, and copper turnings in the cylinder 
B A current of air is directed into the inlet tube, and this 
eiisures the circulation of the liquid in the apparatus vid C, 
the speed of flow of the liquid being regulated by the clamp 
D The air discharged in the cylinder B is freed oxygen 
by the copper and ammonia. The ammonia is removed from 
the nitrogen by scrubbing the gas from the exit tube with 
dil. sulphuric acid. W. L. Badger modihed the apparatus 
using also a soln. of ammonia sat. with ammonium chloride. 

&, A. Hulctt passed a mixture of hydrogen and air over 
heated copper ; and observed that the hydrogen reduoeci 
the copper oxide as fast as it was formed: 2Cu4-2H2 
-f O2 1- wNg- 2Cu+2Il20^ nNg. A number of processes have 
bi'in devised— by A. "Frank and N. Caro 2 D. Lance and 
E. a. Elworthy, J. D. Riedel, H. Braun, J. Harger, the 
Soi'ietp rOxyhydrique Franfaise, F. A. Rudolf, the Cyanid- 
(lescllschaft, C. E. Acker, etc.— for removing the carbon 
dioxide and water from flue gases, etc., so os to leave the 
nitrogen as a residue. E. Romanelli burnt hydrogen in air 
to remove the oxygen ; the Elektrizitatswerk Lonza used 
ammonium hydrosulphitc as absorbent, followed by com- 
Inifition with hydrogen. F. J. Metzger obtained nitrogen— 

{roc from oxygen— for annealing metals, etc., by adding a 
coinbuhliblc gas — e.fj, hydrogen — ^and bringing the mixture 
under high press, in contact with carborundum at about 40U'’ 

^0 as to mamUm the combustion of the combustible gas with 
oxygen. The combustion products are then separated by 
oil deiisat lull, J. E. Bucher described a process in which 
?uke-0Yeu gas is passed over copper at 450^*. The oxygen 
forms copper oxide which is subsequently reduced by the 
rob*-oven gas. G. Kawmer removed the oxygen from air by absorption with 
ealciiiiii plumbite, alkali manganite, etc. H. Kautsky and H. Thiele forced air 
through a porous membrane in a soln. of sodium hyposulphite when all but 0-(XK)7 
])or pent, of oxygen was removed from the nitrogen. V. Oehlmami removed the 
oxygen by passing air over pieces of calcium sulphide moistened with a soln. of 
nil iron halt. 

The preparation of nitrogen by the fractional distillation of liquid air 
was discussed in the first volume (1. 13, 25). Several processes for con- 
ducting this operation have been patented.^ G. J. Merturi separated the 
com])onents of air by diffusion through rubber, etc . — vide atmolysis. Nitrogen 
oblaincd from the atmos])here is, of course, contaminated with argon and the 
inert gases. This is not the cose with nitrogen from compounds containing the 
E;aa in combination with other elements. In 1789, A. F. de Fourcroy * noted that 
when clilorine gas is passed into an excess of aq. ammonia, nitrogen is evolved ; 
if the ammonia be not in excess, the violent explosive nitrogen chloride [q.i\) is 
formed. A. Aiidcison said that the product is always contaminated with oxygen. 
If a soln. of ari, ammonia or ammonium salt be treated with a hypochlorite orhypo- 
oronute, nitrogen is again produced. A. Faucouuier said that in this reaction 
1 ]iart of the ammonia is converted into nitrous arid. In C/Onducting the process, 
1 Boln. of ammonia is treated with bleaching powder in soln. or, as recommended 
oy G. Neumann, compressed into cubes. F. C. Calvert used 200 c.c. of a soln. of 
bleaching powder containing 5 per cent, of hypochlorite, and mixed with 1 -146 gnns, 
ammonium sulphate. E. Marchand employed ammonium chloride in place of 
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the Bnlphate. H. P. Waian made nitrogen by dioppina bromine into aq. ammonin 
Lord liayleigh found that a trace of nitrous onide is alwaye formed when nitrogen 
ie prepaid by the action of hypobromitee or hjrpochlorites on urea, or other add 
amides. F. 0. Calvert noted the formation of nitrogen when organic substances, 
like gelatine, albumin, glue, soap, etc., are treated with hypochlorites. O'. J. Fowler 
observed that nitrogen is formed when iron nitride is treated with chlorine. 

D. Ghattaway and E. J. P. Orton found that a soln. of nitrogen iodide in an organic 
solvent decomposes with the evolution of nitrogen ; and that the nitrogen hydro* 
iodides furnish the same gas when exposed to light, or treated with wat^ or 
dkali-lye. 

B. Corenwinder ^ showed that when an aq. soln. of ammonium nitrite is heated, 
nitrogen gas is evolved : NH4N02=2H20+N2 ; better results are obtained 
with a mixture of ammonium chloride and a cone. soln. of alkali nitrite. The 
product always contains a trace of nitric oxide, and 0. W. Gibbs stated that this 
contamination can be avoided by washing the gas with an excess of a cone. soln. 
of potasbium dichrumate and acetic acid which converts the impurity into nitric 
acid. J. P. Emmet added a piece of zinc to molten ammonium nitrate and obtained 
a brisk evolution of nitrogen. C. Winkler found that when a mixture of ammonium 
nitrate and phosphorus is heated, nitrogeu is evolved : 2P-f5NIf4N03=2U3P04 
-I-5N2H-7H2O. E. J. Maumene warmed a mixture of ammonium nitrate and 
chloride and washed out the chlorine from the mixture of gases which was evolved ; 

E. Soubciran employed a mixture of potassium nitrate and ammonium chloride. 

J. W. Gatehouse heated a mixture of ammonium nitrate and manganese dioxide 
to 180° and obtained nitrogen gas ; if the temp, rises over 215°, the manganese 
nitrate which is formed decomposes, giving ofi oxygen, nitrogen, and nitrogen 
peroxide. A. Levy made nitrogen by heating ammouium diohromatc : 
(NI]4)20r207=-Cr203+4H2U4‘N2 ; and R. dc Luna recommended a mixture of 
potassium dichromatc and ammonium chloride, and washing the gas with a soln. 
of ferrous sulphate. R. Bottger, and C. L. Jackson and J. H. Derby heated a 
mixture of potassium di chromate, sodium nitrite, ammonium uitrate, and water, 
and V. Meyer recommended removing oxygen from the product by passing the gas 
over heated copper ; G. von Knorre used an analogous mode of preparation and 
found that the use of an acidified soln. of a ferrous salt to remove the nitrogen oxides 
is objectionable because the absorbed nitric oxide is given off again as the nitrogen 
passes through the soln., and an acidified soln. of potassium permanganate converts 
the nitric oxide into nitric acid which reacts with the permanganate, giving ofi 
oxygen. C. R. C. Tichborno made nitrogen by heating a mixture of ammonium 
sulphate, sodium nitrite, and an aq. soln. of glycerol ; and J. Mai heated a mixture 
of glycerol, dil. sulphuric acid, and ammonium nitrate to 1G5°. The reaction is said 
to commence at 190”, but once started the reaction proceeds at 150°, A few drops 
of sulphuric acid cause the reaction to proceed more regularly at a lower temp. 
The gas is said to be evolved regularly, and to be contamiiiabed with oxygen, 
carbon dioxide, and pyridine bases, ti. M. Delephine found that when spongy 
platinum is boiled with ammonium sulphate and sulphuric acid, nitrogen and sulphur 
dioxide are formed : 4H2S044‘Ft=Pt(S04)24 2SO£4~4Il20 i JPt(S04)2 

-|-2(NH4]2S04=2N2+ 3^^+8112804. C. W. Geuns observed some nitrogen is 
formed when a mixture of potassium cyanide and potassium nitrite is detonated 
by heat. J. Pelouzc obtained nitrogen by adding ammonium sulphate to a sat. 
soln. of nitric oxide in sulphuric acid, and heating the mbriure to 160**. According 
to G. F. Baxter and C. 11. Hickey, pure nitrogen can be readily obtained in large 
quantities by the interaction of nitric or nitrous oxide and ammonia at a high 
temp. In the cose of nitric oxide, the following method is employed. The gas, 
generated by the action of nitric acid of sp. gr. 1-2 on copper turnings, is led ihroogb 
a wash-bottle containing strong ammonia soln., and afterwards over hot copper 
gauze or thoroughly platinized asbestos. The nitrogen thus obtained is passed 
through dil. sulphuric acid, and afterwards over fused potassium hydroxide. 
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through a tower eontamiog glass beuda moistoned with strong sulphurio acid| and 
fmally through a small tulra containing a roll of red-hot copper gauze. The sp» gr. 
of ammonia soln. for this purpose misb not be higher than 0*92, In the case of 
aiiroUB oxide, the gas obtained by heating ammonium nitrate is passed over red-hot 
platinized asbestos, them into a wash-bottle containing strong ammonia soln., and 
Lain over heated platinized asbestos. 0. von Enorre and £. Arndt obtained 
uitrogen by oiidizing hydroxylamine with an acid soln. of an alkali nitrate in the 
iiresenoe of cupnc sulphate, mercuric chloride, ammonium persulphate, hydrogen 
dioxide, or vanadium pentoxide ; with the last-named catalyst, some nitrous oxide 
iH also jiroduced. E. C. Szarvasy obtained nitrogen in the electrolysis of hydrazine 
and of its salts ; and E. Tiede obtained nitrogen of a high degree of purify by the 
slow decomposition of azides in vacuo. 

Nitrogen is formed in a number of reactions with organic compounds. F. Hoppe- 
8e)ler,^ L. Liebermann, M. Griiber, M. Fettenkofer and C, Voit, T. Schlosing and 
A. Miintz, A. Morgen, G. van der Velde, H. B. Gibson, and J. Seegen and J. Nowak, 
noticed that when fibrin, and some proteids are decomposed, hydrogen sulphide, 
rarbon dioxide, and nitrogen may be formed. The reduction of organic substances 
m soils to nitrogen gas was indicated by H. Davy in 1813. Confir^tory observa- 
tions wore made by G. J. Mulder, B. E. Dietzell, 0. Kellner and T. Yoshii, B. Taeke, 
and 0. Opponhoimer. The reduction of nitrates to nitrogen by bacteria was first 
reported by IF. Uayou and G . Dupetit in 1886, and since that time numerous observa- 
tions hiivc bocn made. A. Ambroz, G. Ampola and E. Garino, E. Baur, A. Boutron, 
K. Brandt, E. Breal, B. Burri and A. Stutzer, H. B. Christensen, A. Ehreubeig, 
r. V. Franllaiid, E. B. Fred, E, Giltay and G. Aberson, A. Gehring, L. Grimbert., 
Lind M. Bagros, W. Ileunoborg, H. Immendorfi, H. Jensen, H. Ktihl, 0. Kiin- 
uemaiin, 0. Lcmmcrmann, M. Leinoigne, J. Leone, B. Lieskc, W. C. C. Fakes 
and W. 11. Jollyman, D. Farhindt, J. Shirokikh, T. Schlosing, S. A. Sewerin, 
.1. HloLlasa, J. Vogel, P. Wagner, B. Warington, 0. Wegner, H. Wei^enberg, and 

1\ iJohdrain and L. Maquoimc, noted the formation of nitrogen during the 
rndnotion of nitrates by bacteria ; and E. Buchner and B. Ba 2 )p, and B. B. Dietzell, 
in the rodurtiou of nitritos by yeast. H. Leo found that only a very small liberation 
of uitrogou orcurs during the assimilation of food by flesh-eating organisms, 
(i. Ampola and C. Ulpiani? showed that the denitrifying bacteria— hoK^'uni 
dtiiitrijtciins, etc. — does not attack asiiaragine, or nitromethane ; and with ethyl 
nitiate tlic action is slow. The nitrates of lithium, ammonium, sodium, potassium, 
lubiJiiuii, Ciusium, beryllium, silver, thorium, yttrium, iron, manganese, and 
aluminium are not attacked' The more elcclropositivo the metal and the lower 
Its at. wt., the more rapidly docs denitrification take place. Carbamide nitrate, 
Vrliieh is only slightly dibsociated in soln., is slowly attacked, whilst with the nitrates 
ot str}X'linine, brucine, cocaine, and pilocarpine, which are entirely ionized in soln., 
denitnfiiiation is soon com]iletc. The bacteria do not develop in soln. of metallic 
clircmates, and only to a sinall extent in soln. of bromates or iodates ; chlorates, 
urseuaios, and ferricyauides suffer reduction, but sulphates, phosphates, and 
molybdates remain unrhanged, Calcium nitrate is much less readily attacked 
than budium nitrate. M. E. Wollny, ami B. Tacke found that in some cases 
nitrous oxide is formed os well os nitrogen. This was confirmed by M. W. Beyerinck 
fl'inl D. 0. J, Miiiknian, and S. Suzuki. Again, B. Tacke, and A. J. Lcbodeil 
fumid that nitric oxide is formed by the action of bacterium harilebii on nitrate 
bolu. 
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§ 6. The FhyslCfll FtoperUes ol Nibogen 

At ordinary temp., nitrogen is a coloiuleaa, odourless, tasteless gas which has no 
action on vegetable oolouiing matters. H. Erdmann ^ described liquid nitrogen 
as a clear, colourless, mobile liquid. J. de Smedt and W. H. Ecesom found that the 
jC-fafllngranifl of solid nitrogen show that the symmetry of the crystals is less than 
that of the cubic system. D. Vdrlandoi and W. H. Eeesom found that the crystals 
which form when nitrogen is cooled to —210° are doubly refracting. Contrary 
to W. Wahl, no isotropic solid state was observed when the solid is cooled down 
to "253°. The gas is not quite so heavy as air. According to H. V. Beg- 
nBult, the weight of a litre of nitrogen is 1-256167 grms. at 0° and 760 mm. ; 
J. M. Crafts, 1-25647 grms. ; P. von Jolly, 1-2574614 grms. at 0°, 760 mm., latitude 
45°, and sea-level; Lord Bayleigh, 1-2578731 grms.; and A. Jaquerod and 
F. L. Ferrot, 1-25045 grms. at 0°, and 0-25451 grm. at 1067-4°. H. Paya and E. Moles 
found 1-25GB1 grms, for the nitrogen of the air of Madrid— vide supra, atmospheric 
air. Lord Bayleigh obtained a greater value for nitrogen separated from atm. 
air than from nitrogen prepared from chemical compounds ; and Lord Bayleigh 
and W. Ramsay demonstrated that the result was due to the presence of a 
heavier gas in atm. iiitrogen-H;ide argon. A litre of purified nitrogen was found, 
by Lord Bayleigh and W. Bamsay, to weigh 1-2505 grms. under standard con- 
ditions ; and by A. Leduc, 1-2507 grms. E. Moles and J. M. Clavera gave 1-2505 
grms. for the nitrogen of air at 0°, 760 mm., and latitude 45°. C. J. T. Hanssen, 
and J. K. 11. Inglis and J. £. Coates made observations on this subject. 
G P. Baxter and H. W. Starkweather gave 0*41667, 0 8334B, and 1*25036 at 0° and 
the respective press, 253*33, 506*67, and 760 mm., at sea-level, and latitude 450^. 
For the relative density of atm. nitrogen (aii unity), P. L. Dulong and J. J. Berzelius 
gave O'OGB ; J. B. A. Dumas and J. B. J. D. Boussiugault, 0-972 ; T. Thomson, 
0-9729 ; H. V. Regnault, 0-97137 ; J. M. Crafts, 0-97138 ; A. Leduc, 0-972 ; and 
Lord Rayleigh, 0-97209. For purified nitrogen, Lord Rayleigh gave 0-96727 ; 
A. Leduc, 0-9671 ; T. Schlosing, 0-9671 ; and P. A, Guye, 14-007(n=- 1-0077). 
J. K. H. Inglis and J. E. Coates gave 0-8084 at —193-93° and 0-8297 at —195-5° ; 
while E. C. C. Baly and F, Q. Donnan gave 0-8010 at —193° and 0-8218 at —198°. 
The literature was reviewed by M. B. Bkinchard and S. F. Pickering. The molecule 
of nitrogm is diatomic, N 2 , and, according to Y. Meyer and co-workers, no perceptible 
dissociation occurs at 1690°. 

E. Gcrold gave for the SPBCiflo gravityi D, of gaseous nitrogen 2)=0-0044973 
at —195*5° and 741-10 mm. The sp. gr. of Uquid nitrogen was found by 
8. von Wroblewsky to be 0-4652 at -146-6°/4° ; 0-5842 at -153-7°/4° ; 0-8300 
at - 193 - 074 ° ; and 0-8660 at -202-0°/4°. J. Dewar gave 0-8042 at -195-5°, 
and 0-8792 at —252-5° ; J. Drugman and W. Ramsay, 0-7914 at —196-5° ; and 
L. Gnuunacb, 0-791 at -195-9° E. C. C. Baly and P. Q. Donnan represented 
the sp. gr., D, of liquid nitrogen, between —184° and —205°, by 2)=0-863736 
-0'00476(r-68). They found: 


-206* -200* -105" -100“ -185" 

0-B637 0 6300 0-8080 0-7851 0-7622 


E. Mathias and oo-woikera have determined the density of liquid nitrogen and 
of the sat. vap. over the range of temp, between iLc solidification point and 
the critical point, and have compared the values with the results already obtained 
. argon and oxygon. Leaving out the values for the three degrees below the 
^tical temp., the values for the density of nitrogen deviate but very slightly 
from a straight line, which, however, shows a convex curvature towards the 
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temp, axis at the low temp. Solid nitrogen was fotmd by X Dewar to have a 
Bp. gr. of 0-8792 at —210*5°, and 1-0265 at -252-5°. E. Rabmowitscb ^ve 36*4 
for the mol. vol. ; and the subject waa studied by P. N. PavloS, C. dm Freano, 
8. Bugden, W. Horz, S. Mokruschin, and C. E. Guye and R. Rudy. 1. 1. Saslawsky 
gave M2 for the sp. gr., and 10-3 for the at. vol. at absolute zero ; and F. Schuster, 
10-63 at the b.p. as the constant for calrulating the mol. vol. of compounds. 

L. Caillctet ^ measured the compiessilrility of nitrogen at 15°, and found the 
product pv, to be ; 

p . S9-35d 49-271 69-462 74-330 1]4 119 181-985 m. 

V . 207*93 162 82 132-86 108-86 70 09 51 27 

pv . 8184 8022 7900 6091 8761 9380 

E. H. Amagat’s results are given in Table X. There is a minimum value for the 
product pv with a press, of 5 m. of mercury. M. W. Travers gave : 

p , . 0-76 10 26 35 45 65 66 m. 

pv . . 1-0000 0 9963 0-9910 0-9B99 0-9895 0 9902 0-9913 

The coefi. of compressibility was found by E. H. Amagat to decrease with increasing 
press. : 

Limits of pieas. . 760-1000 1000-1500 1500 2000 2000-2600 2500-.7000 in. 

Goeffir-ient . . 0-000407 0-000265 0-900170 0-000122 0 000001 

Lord Raylnigh's value fur the ratio of pv at one atm. press, to its value at half an 
atm. press, is 1*000015. L. Holborn and J. Otto measured the low temp, isotherms, 
and found pv= 2-46558-1 l-38086p+0-8082pa at 400° ; pv --l-3Cf)82+0-36057p 
■+3-1510p® at 100°; pv=rl-00060 -0-60716p+3-7959p2 at 0°; and pv -0-52446 
— 4-68594p-24-l690p^ at —130°. E. H. Amagat showed that the ratio Pot’o/Pi^i 
is 0-909 between 60 m. and 180 m. press., and Boyle’s law is apjdicablc up to 300 m. 
press. J. A. Liljestiom found that for piess. below atm. deviations occur. 
G. P. Baxter and H. W. Starkweather obtained pv 1 ()(X)11 and r(XX)28 
respccfively for press. and \ atm. when the value for 1 atm press, is unity. 
P. dc Heen said that if aUowance be made lor the vol. of the mols., Boyle s law is 
closely foUowcd by nitrogen. L. B. Smith and R. S. Taylor calculated the coin- 
pressibility to be 0-0(X)608 at 0°, 0-00021C at 50°, and -0-00(X)71 at 100°; 
P. Chapjnus, 0-0(Xli3; U. M. Mavenck, 0-00044; A. Leduc and P, Sacerdote, 
0*00038; Ijoid Rayleigh, 0-00056 ; and J. Holborn and J. Otto, 0*000561 at 0°, 
0*00023 at and - f)*000360 at J00°. E. (’ardoao and T. Levi found for nitiogen 
at 16° the following values of K in the expression p Kp^^v^TIx^Tq : 

- • 1 10 20 40 60 80 95 

A' . . . 1-0000 0-9971 0-.9939 0 0808 0 0887 0-0fH)2 0 0029 

A(Atnagat) . 1-0000 0-9971 0 9945 0*9907 0-9890 0-0908 0-9930 

Ohsor\'ations are also made by H. K. Onnes, T. T. H, Vcrschoyle, and A. W. Wit- 
kowsky. E. P. Bartlett gave for PoVq- 1 at 0° and 1 atm, press., and 

p . . 50 100 200 40D 000 KOQ 1000 

0*9839 0-9840 10330 M250 1*5211 1*7086 2*0669 

E. P. Bartlett concluded that the compressibility of mixtures of hydrogen and 
zutrogen is not a linear function of its composition. A maximum positive devia* 
tioD of 1*9 per cent, was observed in a mixture containing 60 per cent, of hydrogen 
at 200 aim. press. A maximum negative deviation of ()'55 per cent, appears in a 
mixture containing 25 per cent, of hydrogen at 1000 atm. press. 

H. £. Onnes and A. T. van Urk measured the isothermal values of pv at 20°, 0°, 
—23*62°, and intermediate temp, down to —146*32°. P. W. Bridgman found for 
the pieaB.| p in kgnns. per sq. cm . ; the vol., v c.c. per gram of nitrogen, at 68° ; 
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the piodaet fo, where e repieBente the ^oL of nitrogen which nnder 1 kgim. press, 
per c.c. at O'* occupies 1 o.c. ; and 8o the change in vol. per gram : 
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0. E. Meyer ^ calculated for the viscosity of the gas at 10^*- 20°, 77—0-000184 ; 
and 0. E. Meyer and F. Springnilihl; 77:^0*000194. T. Graham gave 0-0^1635 at 
0° ; and 0‘0sl840 at 20'’ ; and A. von Obermaycr gave O-OslSSS at —21-5°, and 
0-0^1894 at 53*5°. For chemical nitrogen, H, Marknwsky gave 0*031674 at 0° ; 
0-031747 at 16-4°; and O O32123 at 100-08°; and F. SLleint, 0-031737 at 13*9°; 
0*0s2125 at 99-5° ; and 0-032460 at 182-7°. For atm. nitrogen, H. Markowaky 
gave O-O3I695 at O'” ; 0-0s1 738 at 14° ; and 0-032464 at 183-0°. B. S. Edwards and 
B. Worswick gave 77^=0*04944 at 10° and 0*031295 at 100°, and they found 377 for the 
value of Sutherland’s constant ; and E. L. Yen, 0-000176480 at 23° and 760 mm. 
J. H. Jeans gave n=77o(7/273)""^^. A. Bratflmeyer, and C. J. Smith also made 
observations on this subject. U. Vogel, B. Chapman and W. Hainsworth, 
M. HofsSss, and F. Kleint measured the viscosity of mixtures of hydrogen and 
nitrogen and of oxygen and nitrogen. F. Schuster calculated 646 atm. for the 
internal piessiue. L. Grunmach gave (r=8*61 dynes per cm. for the sariace tension 
of liquid nitrogen at —195*9° ; and for the specific oohesiem, a2=21-527 sq. mm. 
E. C. C. Bsly and F. G. Donnan gave ff=10-53 at —203°, 8*27 at —193°, and 6-16 
at -183° ; and a8=2*511 at -203°, 2-110 at -193°, and 1-603 at -183°. They 
added that the association factor of the liquid corresponds with a mol wt. of 37-30 ; 
the theoretical value for N2 being 28, A. T. van Urk studied this subject. 
W. D. HarldnB and L. E. Boberts estimated that the free BOlIaoe energies at 
—200°, —190°, and —182° are respectively 10-53, 8-27, and 6*57 ergs per sq. cm., 
or 26-63, 25*87, and 24*61 ergs per area of surface occupied by one mol. ; the 
energy, 3-23x10-1®, 3-24x10-1®, and 3-18x10-^^® ergs per degree per area 
occupied by one mol. ; and each c.c. of liquid holds 18-27 Xl0®i, 17-28x10*^^, and 
and 16*49x10®! mols. F, de Block represented the surface tension at ff° by the 
general formula of A. Ferguson, and J, D. van der Waals, namely, o-aotffj— 
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irliete 9, lepieseutB the critioal temp., and ito the Builaoe teiuiim at 0”. T. Altj 
atndied the phenomena at the snifaoe of bubUee of nitrogen in water. The ooefi. 
of difloaran of nitrogen into ozygen was found by A. von Obermayer to be 0*171 
sq. dm. per seo. at &*, and 0. Jackmann,* 0*203 sq. om. per eeo. at 12*5° and 
7w*6 nun. The latter gave for hydrogen into nitrogen, 0*739 sq. om. per sec. at 
12*5° and 755*4 mm. l£e difiusion of mercury and iodine vapours in nitrogen have 
been studied by J. M. Mullaly and H. Jacques. J. Stefan found that nitrogen 
diSusos in water and in alcohol more quioklj than carbon dioxide and more slowly 
than hydrogen. G. Hhfner gave 1*73 sq. oms. per day for the speed of diffusion of 
nitrogen towards oxygen in aq. soln. at 21*7°. According to M. Berthelot, nitrogen 
diffuses through quarts glass at 1300°. T. L. Ibbs studied the separation of nitrogen 
from hydrogen and from carbon dioxide by thermal diffusion. J. Dewar found 
that nitrogen, at atm. press, and 16°, diffused through rubber 0*01 mm. thick at the 
rate of 1*38 c.o. per sq. om. per day. H. A. Dajmes also measured the diffusion 
of nitrogen in rubber. J. Sameshima and E. I^ikaya studied the atmolysis of 
nitrogen ; and T. L. Ibbs and L. Underwood, the thermal diffusion of nitrogen and 
carbon monoxide. 

0. Buckendahl B found the Tdodty of soond in nitrogen to be 337*30 metros 
per seo. at 0° ; 544-98. at 500° ; and 714*83, at 960°. H. B. Dixon and co- 
workers made analogous observations between 0° and 100°. The observed values 
at 0° range from 337*3 to 338*7 metres per sec. They gave for the dry gas : 

20 ” 42 ” 02 ” 77 ” 80 ” 80 ” 00 ” 

Metres per sec. . 339-6 86^9 364-1 872-3 373-9 376-9 37B-B 

They also measured the velocity of sound in mixtuies of nitrogen with carbon 
dioxidej etc. 

The molecular vdodty of nitrogen at 0° was calculated by f. Khunt ^ to bo 
46,430 cms. pci sec. ; the mean bee path, 0*05949 cm. at 0** and 760 mm. ; the total 
sectional area of all the mols. in 1 c.c. of gas at 0*^ and 760 mm., 24,400 sq. cms., 
and with W. Sutherland’s correction, 17,000 sq. cms. ; and the molecular diameter^ 
28 X 10^ cm. For the mol. diameter, F. Exner gave 17 X 10^ cm. ; B. Mokrouahiii, 
1-Ox 10"* to 6-7 X 10“* cm. ; H. Sirk, 3-1 X 10"® to 3-9 x 10"® cm. ; W. H. ICccsom, 
26-6 XlO"® cm. ; J. P. Kuenen, 3’1 X 10"^ cm. ; and P. Walden, 2 9 X 10"® cm. ; 
W. L. Bragg calculated 1*30 A. for the at. diameter, and A. 0. Raiikine’s 
estimate agrees with this; W. Sutherland, 30x10"® cm.; P. W. Bridgman, 
3-66x10"® to 3-80x10"® cm.; andB. Biihlmaun, 34*1x10"® cm. J. H. Jeans, 
E. Briiche, C. Bamsauer, L. L. Nettleton and W. SchUtz made some observations 
on ibis subject. H. Schmidt gave 1-035 (oxygen unity). C. J. Smith calculated 
the mean collision area to be 0-767x10^^® sq. cm.; and B. S. Edwards and 
B. Worswick, 0-633x10"^® sq. cm. A. Naumann calculated the mol. croBs-BBction 
to be 1*88 with that of hydrogen unity ; and the mul. radius, 1*307 (hydrogen 
unity). W. H. Eeesom calculated 4-77 X 10"i* ergs for the potential energy of the 
molecules in contact; and for the quadruple moment 3-86 xl0~*^® C.G.S. units 
per sq. cm. B. T. Birge discussed the law of force and size of the diatomic mole- 
cules ; £. Blankenstein, the coefi. of slip, and transfer of momentum ; and A. T. van 
Uik, the coherion forces of the liquid. B. Oans discussed the structure of the 
molecules of the gas. For J. D. van der Waab’ oonatanta, £. Hanipchel gave 
6=0-001763. F. Ouye and L, Friedrich gave in gram units a=1660 to 1770 ; 
and 6=1-32 to 1-61 ; in mol units, a=r30xl0"® to 1-39x10”®, and 6=37-1 to 
39-5 ; and in terms of the initial vol., u=0’00276 to 0-00260, and 6=0-00166 to 
0-00176. J. J. van Laar calculated 6=0-00086 ; Va=0'029 ; and the valency 
attraction A, VA==32. M. F. Carroll studied the eqaatillll ol state. F. G. Keyes 

S VB for the equation of state ^= 2 - 9138 ( 0 — 8)"^ T"!— 1587 (o— 0*007) 2^ where 
jiQ 8=^-0*2200— 0-284iri for E. H. Amagat’s data between 100 and 1000 atm., and 
p=2-9286(tJ-8)-ir-i-1623*6(w+0-2964)"2, where logip 8=0*18683 0*3ll3!r^ 
fox L. B. Smith and B. S. Taylor’s data over a smaller range of press. 
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p W Brid|mait did not obtain good nsnltB foi his high pteu. obaervationB 
with th «« fonnole. B. Beoka applied to E. H. Amagat’e lemilts the equation 
«*:8-3lXlO’'i'(l+40'3o“M"'*/*)— l*28xl0iV‘*+384xl0i’irT, where p is ex- 
^ssed in dynea pet i^. cm. and v in c.c. pet mol. F. W. Bridgman obtained 
jitter resnlts wim this equation than with any other tried when applied to hie 
press, observations. A. T. van Urk found that the curves show a bend in the 
neighDOurhood of the critical temp, and denuty. B. Bartels and A. Encken 
ca^ the equation of state po=nRT(l—Bp), where BsO-0022-1- 196007^1 for 
low temp, and small press. ; and T. T. H. Ycrschoyle, p»=3l'000i9— 0-00(H961p 
_0-0b334^ foz nitrogen at 0”, and for a 50 per cent, mixture with hydrogen 
m- 0-99969+0'0003067p-f-0‘OBil47p<. W. J. Walker discussed this subject. 
11. Becker, and J. E. L. Jones and W. B. Cook studied the intemdeoular aUraction 
~-Mide %nfra, vlcctrostrietion— and F. 0. Eeyps and B. S. Taylor, the effect of 
noUcular aggregation on the equation of state. M. Trautz and 0. Emert, F. Braun, 
?. fiacerdote, and A. Leduo investigated the application of the partial press, iaw 
to mixtures of nitrogen with hydrogen, oxygen, carbon dioxide, and sulphur dioxide. 
W. Nernst gave 2-6 for the chemical ccnatant of nitrogen; J. B. Partington, 
0-!)01 ; and F. A. Henglein, and A. Langen, — 0*05. W. Hers discussed this subject . 

A. Encken and co-workers gave —0-11 for the integration constant of the thenna- 
dynamic vap. press, equation. The subject was diKUSsed by B. B. S. Cox. 

F. von Jolly 7 found the coefi. of thet^ CQaiUdoo of nitrogen to be 0-0036677 
at one atm. press, betneen 22” and 98”. A. Jacquerod and F. L. Fecrot gave 
0-0036643 from 0° to 1067° when the Initial press, was 240 mm. and the vol. was kept 
constant. F. Chappius found the mean cooff. at constant vol. between —20° 
and 0° to be 0-0003G7713 (1002 mm.) ; between 0” and 20°, 0-000367641 (1002 mm.) ; 
between 0° and 40°, 0-000367567 (1002 mm.) ; and between 0“ and 100°, 
0-0003677466 (1002 mm.). V. and C. Meyer measured the expansion up to 1567°. 
E. C. C. Baly and W. Kamsay gave 0-003021 at 0-6 mm. (constant vol.) from 13° 
to 132°, and 0-003290 at 5-3 mm. and 9° to 133° ; H. V. Bcgnault, 0-0036662 at 
one atm. ; F. Chappius, at 1002 mm. press, (constant), 0-0036770 at 0° to 20° ; 
0-0036760 at 0° to 40° ; 0-0036732 at 0° to 100° ; and 0-0036778 at 0° to 100° 
and a constant press, of 1387 mm. F. Henning and W. Heuse gave for the vol. 
expansion coeff,, axl0^=36604-f-127pn i and for the press, expansion coefi., 
^XlO'^— 36604-|-l34po. According to E. H. Amagat, for a constant press., p, 
between 0° and 16°, the coefi. of expansion, a, is 

p 100 SOO 1000 1300 2000 2500 .1000 atm. 

a 0-00447 0-00310 0-00198 0-00149 0-00127 0-00111 0-00008 

between 0° and 99-4”, and 99-4° and 199-5° : 

0* to M r BD 4' to IBD 5* 

P '200 600 700 900 ' 200 600 700 900 

a 0-00133 0-00316 0-00266 0-00219 0-00280 0-00235 0-00204 0-00179 

At a constant vol., v, between the indicated temp., he also found ; 

O' to IS’ O'torol' so 4* to 190 S‘ 

P • 100 lOOO 2800 100 300 6^ 100 200 400 

P ■ 0-00437 0-00660 0-00424 0-00402 0-00682 0-00696 0-00316 0-00348 0-00364 

B. Plank has collated the available press., temp., and vol. data for nitrogen at a 
low temp. S. von Wroblcwsky gave 0-0311 for the coeff. of expansion of the liquid 

^B3-7° ; 0 007536 at -193-0°; and 0-004619 at -202-0°. E. C. C. Baly 
and P. 0. ponnan gave 0-00658 between —184° and —205°. W. Mewes discussed 
the deviations from Charles’s law ; and W. Here, the relation between the internal 
I®6ss, and the thermal expansion. 

A. Winkeliuann a gave for the fliarmal coodactiTity of nitrogen gas, 0-0000524 
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cab. per sq. cm. pec cm. per denee at 8* ; P. O&ntheic gave (^(XXXXSdl at 0* ; 
and B. Weber, 0*00005660; E. Sohrdner gave fw tiie moL beat oondnotivity 
2-79xlO-«(27S/T)*. 

A. Cra^rd > attempted, in 1779, to determine the fl woifle heat of nitrogen. 
Hue oonetant was found by P. do la Boohe and J. E. Bbard to be i^s>0*2764 ; 
and by H. Y. Begnanlt to be 0*244 between 0° and 200”. A. K. W. Sanennan gave 
1*0005 for the ratio Cple, for air. E. Scheel and W. Hense gave cp=0-249 and 
0^6*983 at 20°, and L. Holbom and F. Henning, for a gas with about one pec 
cent, of oxygen : 

0*-Z00' 0'-400* 0*-fl00' 0*-800’ OMOOO' D’-1200* 0'-1400' 

8p.ht. . . 0-23B 0*243 0*246 0*2fi0 0-2M 0*25B 0SB2 

L. Holbom and L. Austin gave for the mean ep. ht. at constant press., 0*2419 from 
20° to 440°; 0*2464 from 20° to 630° ; and 0*2497 from 20° to 800°. J.H. Brink- 
worth found Cj=0*2468 at 10° ; 0*2471 at —78° ; and 0*2535 at —183°. F. Vieille 
gave 4*8 for the molar sp. ht. at constant vol. and at ordinary temp., 6*30 at 3100° ; 
7*30 at 3600° ; and 8*1 at 4400° ; while M. Borthclot and P. YiciUe gave 

2810* 3101* 8003* 4084* 4300* 4844* 

C. . . . 0*07 7*93 B-43 B-3D 9*85 0 GO 

There is thus a rapid increase in the thermal capacity of the gas, and these results 
were represented by 0,=- 6*7 -|-0-0016(d— 2800°). J. H. Brinkworth obtuned 
Cc=4*922 at 10" ; 4*910 at —78° ; and 4*914 at —183°. H. B. Dixon and co- 
workcra gave C,-=4*775H 0*00042ri. S. W. Saunders gave for the best repre- 
sentative value, C;,— 6-414 0*000523r. E. Mallard and H. le Chatter, 
0. K. Ingold and E. H. Usherwood, E. Schreiner, and D. Clerk made some observa- 
tions on this subject. For the liquid, H. Alt gave 0*430 between —208° and —196°. 
A. Eucken found that the mol. hts. of liquid nitrogen ore C],=13'15 at —208*4°, 
and 13*33 at —200*3°. For the ratio of the two sp. hts., B. Yalentiner gave 
y=l*45 at -192°; A. Cazin, 1*41 at 15°; 0. Buckendahl, 1*405 at 0°; 
G. Schweikert, 1*400 at 0" ; F. A. Schulze and A. Kathjeb, 1*412 ; U. B. Dixon and 
ro-workers, 1*406 at 0°; J. B. Partington and co-workers, 1*405 at 16*7° and 
1*4045 at 20° ; and E. Bohlf, 1*389 at 17°. J. H. Brinkworth found 1*4054 at 
10° ; 1*4103 at —78" ; and 1*4454 at —183°. W. G. Shilling gave : 
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and he aleo gave C,---4'93xlO®*"®W’02i2’>2'i*3»; ag ^eU gg C,=5014— 0'03jD04r 
40 0,8376r*-00,U49r». E. Burlot gave 1-36 at 1890°, and 1*43 at 2096°. 
E. Schreiner studied the mol. ht. of nitrogen. H. BuS estimated the at. ht. of 
tervalent nitrugeu to be 7*7, and of quinquevalent nitrogen, 4*3 ; while J. Tollinger 
gavo 4*7 for nitrogen in ammonium chloride, and 6*6 in the nitrate. G. Ficcardi 
studied the therm^ capacity of the gas. 

A. Euckon found that solid nitrogen has a bandtioil pant at -237*5”, and 
melts at —209*9°. The mul. hts. of a^trogoi or nitrogm-II at -256*5° ore 
C,,=3*46, and C«=3*46 ; and at —239*9°, (7p=9*63 and C,=:9*39. The mol. hts. 
of jS-mitcDgen or mfngen-I are (7p=8*84 and C,=8*61 at —236° ; and 0^=11*08, 
and Ci,=10‘48 at —212*4°. The value of Cp was calcubtod from that of C, by 
the expression Cp—Ct-O-OfilTCp^—vide supra, the crystalline form at low temp. 

The Jonle-Tlioinsaa effect with mtrogen has been measured by J. F. Joule 
and W. Thomson, 1® M. Jakob, and E. Olschewsky. According to J. F. Dalton, 
for 0=0° and p= one atm,, 

P . . 6 10 18 20 26 30 38 40 46 

38 . . 1*13° 2-51° 3*88’ 6*26’ 6*69° 7*92° 9*24° 10*4B° 11*69° 

The inversion tomp. is 243° at 159 atm., and 163° at 30 atm. Observations were 
also made by H. W. Porter. W. H. Eeesom calonbted 331° for the inversion temp. 
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I, OaiUetet ^ fint obieived the UQiielaotifni of nitrogen. When the dried and 
DuriiiVd gas was eompioefled at 200 atm. preea., and IS’’ to 29°, and suddenly 
expanded, he observed the fonnation of a mist which condensed to small drops and 
di^ppeared in about 3 seconds* This observation was confirmed by 
M Berthclot; K Erdmann also made observations on this subject. Later on, 
B. von WroUewsky and E. Olschewsky cooled the gas, under 150 atm. press., to 
-ll36'’ by liquid ethylene ; add on expanding the gas slowly, liquefaction occurred. 
The liquid persisted but a few seconds. K. Olschewsky improved the process. 
J, F. Kuenen, and J. H. Simons studied the liquefaction of mixtures with o^gen. 

B. von Wroblewsky found that at the temp, of liquid oxygen, — 186°, comprwed 
nitrogen furnishes large snow-like crystals of the solid ; E. Olschewsl^ could not 
ronfiim this observation, but he obtained a crystalline mass of nitrogen by cool- 
ing the liquid with evaporating liquid hydrogen. W. Wahl obtained good crystal 
growths by cooling purified liquid nitrogen. The cryrtals arc dark in all positions 
between crossed nicols, and they are therefore isotropic ; the crystals belong to the 
cubic system. This result is in harmony with the crystal symmetry of the other 
members of this family, because although these elements exist in several poly- 
morphic modifications, the forms of phosphorus and arsenic which are stable 
at the lowest temps, belong to the cubic system, it is also probable of yellow 
antimouy. D. Vorlandor and W. H. Kcesom did not agree^ctie supra. The 
critical temperature obtained by K. Okchewsky is —146°, and the critical 
pressure, 33 atm. ; J. Dewar obtained re8i)ectivcly —146® and 35° ; 8. von 
Wroblewsky, — 146‘0° to —146-5° and 33 to 35 atm., and E. Mathias and 
C\ A. Crommelin, — 147d3° and 33-49 atm. ; and E. Cardoso, —141-6° and 33-66 
atm. The subject was studied by W. Ilerz. E. Sarrau gave 0-004603 for the 
ciitioal volosie ; and L, Cailletct and P. Ilautefeuille, 0-37 for the critical 
density ; E. Mathias and C. A. Crommolin, 0-31096. For the latter, 8. von 
Wroblewsky gave 0-44 ; J. Dewar, 0-3269 ; E. Mathias and co-workers, 0-31096 ; 
anil H. Happel, 0-315. J. A. Muller gave 1-285 for the degree of polymerization 
in Ibe critical state. W. Uerz examined the relations of the critical constants. 
R. F. Pickering gave for the best representative values ro=126-0° K. ; pg—33'5 
atm. ; and De— 0*3110. 8. von Wroblewsky found the vapour pressure of the 
liquid to be 32-3 atm. at -146-6° ; 20-7 atm. at -153-7° ; 1-0 atm. at -193-0° ; 
and 0-105 aim. at -202-0°, E. C. C. Baly foujid for the vap, press, of chpininal 
and atm. nitrogen : 

7'" K. 77® 80® 86“ 00" 91“ 

I’hmn. N 717 0 1015-0 1705-6 2C86 0 2916-6 

Atm. N 716-0 906-0 164G O 2581-0 2812-0 

r. A. Crommelin represented the vap. press, of liquid nitrogen between 
—191-88® and -148-85® from p=l*4727 to 20-304 atm., by the expression 
Iogp-5-76381-853-532r-i+54372-3r-2-1783500r-3. The vap. press, at the 
m ]). is 93-5 mm. Observations on the vap. press of nitrogen up to about one atm. 
have also been made by K. T. Fischer and H. Alt, G, Holst and L. Hamburger, 
H. K. Onnes and co-woikers, E. 0. C. Baly, F. Henning and W. Heuse, P. G. L'ath, 
and H. von Siemens. Higher vap. press, were measured by K. Olschewsky, and 
0. A. Crommelin, while F. Porter and J. H. Perry gave : 

-J8288- -177 66" -174 36" -166 03" - 150 40" -154 06“ -151 5.V 

Patm. 3-631 6-6B3 7 056 12-195 17-85 23 67 26-76 

*>*^8 resullfl are represented by logj# p=-302-3iT-i f3-941iJ7-0'00274I’ 
f ](X)'6)®; and E, Matluaa and co-workere gave log p— — 510'64r“i 

+12-831 -0-12696r+0'0008302T*-0-05l9975r». H. von Siemens represented 
nitrogen by log p=-323-6T-'i+l-75 log r-0-01292r 
. 7 n ’ nitrogen by bg p=— 345-62^1+1-75 log T— 0-()0696r 

-l-TSW. F. A. Henglein gave log p=4-6222{(77-24/2’)i'-8oi06+i)^Tffith p in 
“wn- F. Porter and J. H. Perry gave logw p=-302-34r-i+3-94127-0-002742’ 
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+M16XlO"*(r— 100-6)*. F. Henning gave for the liquid, log 3l3'694r^^ 
+r76 log 2P-0'01109636r+4-487879.orlogy=^360-500r-i+7-679324; and 

B. F. Dodge and H. N. Davis, for p atm., logio ]?=— 3l6'6247”i+4'47682 
- 0 * 007170 ir+ 0 ' 04294 r 2 ; or logio p=-304‘494r-H3‘93362. For the vap. 
press, of mixtures of oxygen and nitrogen, vide 1. IS, 26. V. Fischer studied the 
vap. press. oE mixtures of nitrogen and argon ; V. Fischer, and B. F. Dodge and 
A. E. Dunbar, the vap. press, of mixiuies of nitrogen and oxygen— 1. 13, 26 ; 
and I. B. McIIafiie, and E. F. Bartlett, the vap. press, of water in nitrogen com- 
pressed over that liquid. V. Eircjcfi discussed what he called the cohesive press, 
of nitrogen. S, von Wroblewsky gave for the boiling point of liquid nitrogen 
—193® at 740 mm. ; —201° at 120 mm. ; —202-5° at 70 mm. ; —204° at 60 mm. ; 
and —206° at 42 mm. J. Dewar made observations on the b.p. of liquid nitrogen. 
K. Olscbewsky gave — 194*4° at 760 mm. ; L. Grunmach, —195*9° at 749*1 mm,; 
A. Stock and 0. Nielson, —195-35° at 763 nouoQ.; F. licnniiig and W. Ilcuse, 
—195*81° at 760 mm. ; E. Mathias and C. A. Ciommelin, —195*78° ; B, F. Dodge 
and H. M. Davis, -195-80°; F. Henning, — 19j'7B° to - 195*81°; and 
E. E. Fihchcr and H. Alt, —195*67° at 760 mm., or —196*176° at 714*5° mm., 
and —210*52° for the mating point at 84 mm. press.; J. Dewar, -210*5°; 

H. Erdmann, —211° ; W. Gueztler and M. Piram, — 210 ° ; F. Henning, —209*882° ; 
and A. Eucken, —209*9°. S. von Wroblewsky gave —199° to —203° for the f.p. 
of the liquid, and K. Olsrhewsky, —214° at 60 mm. press. W. Herz found that 
in the equation 0 ]/ 02 =Ti/ 73 -fc( 0 i— Ti), the constant c varies from 0*0007979 to 
0*0008695 ; and 6i and 62 denote the b.p. of two liquids at a given press., and 
Ti and the b.p. of the same liquids at another press. E. Mathias and 

C. A. Grommeliu gave for the triple point, —209-86° and —0-64 aim. press. ; 
and F. Henning, — 209'88° and 92*89 mm. press. For the heat oI vaporization, 
J. S. Shearer gave 0-698 Cal. per gram-atom, and 49*83 cals, per gram. D. L. Ham- 
miek gave 50-04 cals. ; A. Eucken, 1350 cab. per mol ; H. Alt gave 1336 cab. 
per mol, and 47*65 cab. per gram, and he represented the foiinor as a hnear function 
of the temp., £=1*073—0*24280. L. I. Dana gave for the latent heat of vapoiiza- 
tion, L cab. per gram for mixtures of nitrogen with p per cent, of oxygen ; 

.. 0 10 20 4 0 60 80 DO 100 

L . . 47-74 48-37 48-98 60 07 50 B3 61 23 51 16 61 01 

N. dc Eolossowsky studied the relation between Ihe thermal expansion and the 
heat of vaporization , F Walden, the relation between the capillary constants and 
the heat of evaporation ; and E. Mathias and co-workers, the relation between 
the latent heat of vaporization and the difiercnce of the sp lits. of sat. vapour and 
liquid ; and gave i2-89*9621(r, -D-l* 47242 (r„-r) 2 + 0 * 00332 lT 2 - 0 ; 043219 T 3 , 
where denotes the critical temp. T. Estreichcr found the mol. lowering of the 
f,p. of nitrogen to be 5 * 39 , and hence computed the heat ol fusion to be 1 2*82 Cals, 
or 53*47 joules. A. Eucken found the heat of fusion of j3-niirogen to be 168*7 cab. 
per mol ; and the heat of transformation from a- to j3-nitrogen to be 53*8 cab. 
per mol. E, E. Walker studied the degree of association From the work of 

I. Langmnir, A. Eucken, and E. J. B. Willey and E. E. Bideal, the heat of diS" 
Bociatioa of nitrogen into atoms : N 2 — 2N is greater than 190,000 cab. and 
probably of the order 300,000-400,000 cab. per mol M. Saba believed thb value 
to be much too high. W. Euhn gave 140 Cab., H. D. Smyth, 145 Cab. 
E. T. Compton did not succeed in dissociating the molecules thermally — otds 
infta^ ionizing potential. B. T. Birge and H. Sponer calcubted from the band 
spectra of N 2 , 11*9 volts or 274,000 cab , or 11-4 volts or 263,000 cab. from active 
nitrogen ; and for the N 2 ^ -molecule, 9*1 volts or 210,000 cals, from tho band 
spectra. J, C. Thomlinson dbeussed *^6 beats of foimation of various compounds 
and deduced what he called tho thermochemical equivalent of nitrogen. E. Benne- 
witz and F. Simon discussed the energy of the nitrogen molecule, Q. N. l^wis 
and co-workers gave 22-8 for the entropy of }N 2 . and abo 33*57 for N at 26° ; and 
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B. Bitiza entropy of nitrogen at the m.p., and at 26^ H. C, Urey 

f^vr for N21 45'59 ; and E. D. Eutman, ^‘6. W. H. Rodebusli and co-workers 
ronstmctcd some tomp.-entropy diagrams, at 25'* and one atm. press. E. Kordea 
calculated I'SSOoato./^ N, 2-7 for Ng, and 5*4 for N4. 

Measurements have been made of the index ol refraction of nitrogen ranging 
from J. Koch’s 12 /i=^-0-0g32Bl f or A=0-2379 /a, ^4^0-0^30937 f or A-03342/i, C. and 
M. futhbertson’s /i. -0-(^3012 for A=0-4861fi, to H. C. Eentsohler’s 11-0-0^2996 
-0*5461 /i ; and K. Scheers ii^0-0^29i5 for A=0’7056jii. Observations were 
aho made by W. Ramsay and M. W. Travers, M. CrouUcbois, J. H. Olad- 
stone, E. Stoll, L. Lorenz, and E. Mascart. E. W. Cheney gave 1*032985 
for A— 5852 A. ; 1*032977 for A=6143 A. ; and l'0s2969 for A— 6678 A. C. and 
M. Cuibbertson gave /i=5*0345 X 1027/(17095 X 10^7 —n^) ; and J. Koch preferred 
tin* formula ; 

3 /i2-l 3953450x10 8 837340x10-® 

2 ’ ^2+2 152-294- A-2 x 10-® 25^9'6B+A-2 x 10^® 

on tlio assumption that two kinds of electrons are concerned in the phenomenon. 
U. 1). Ijivcing and J. Dewar found the index of refraction of liquid mtrogen (oon- 
taiiiing about 5 per cent, of oxygen) to be 1*2053. E. Gerold studied the optical 
constants of gaseous nitrogen at its b.p., and found for the gas at 77*97° K. and 
752-32 mm. /x-=l*0010779 for A=--643*9 ; 1*0010847 for A=546-l ; and 1*0011007, 
for A -43G’8 ; and for the liquid at 77-12° E., and 745-12 mm., /4=1-19B44 for 
A=-65G-3; 1-19876 for A=579-l ; 119918 for A=546-l ; 1-20042 for A=435-8 ; 
and 1-20258 for A=404-7. J. Cabannes and J. Oranier observcnl the polarization of 
light laterally diffused in nitrogen. J. H. Gladstone gave for the spe^C refractory 
power, (/u—l)/D=0-293— 0-379 ; and A. Schrauf, (ft®— ])/D=0-000596. The 
flubiect was studied by 0, P. Bm;^h. J. E. Calthorp, and W. H(‘rz examined the 
ri'Utinn between the at. vol. and the index of refraction. C. E. Guye and B. Rudy, 
anil T. II. Havelock studied the electromagnetic rotatory power of mtrogen. 
•T. H. Gludstone gave for the refraction equivalent, 4‘l-5-l ; and R. Lowenherz 
found for the atomio refraction of nitrogen in organic amines and nitrates, 2*870 
Vrith the formula, and 5-38 with the (^— l)-fonnula ; and for 

gaseous ter- or quinque-valent nitrogen, both formulm give too low values. 

J. W. Briihl calculated 2-21 for the atomic refraction of gaseous nitrogen with the 
/x2-Iormula. G, 1). Liveing and 5 . Dewar gave 8-405 for the mol. refractory power ; 
and ]-2U.‘) for D-liglit, of liquid nitrogen at —190°. B. Frazer observed no change 
in iLi* refractive index ol nitrogen when subjected to magnetic field of 184 gauss. 
A GLisiT found that nitrogen is oriented in a magnetic field, and hence the atoms 
and inolpculcs react to light in a manner independent of their orientation. 

K. \on Auwers and co-workers studied the optical properties of mtrogen 00m- 
pimnds ; and W. Streckei and R. Spitaler, the relation between the index of 
n^fractinn and structure of organic ectmpounds. 

The electromagnetio rotatiem of the plane of polarized light in nitrogen 
was measured by H. Becquerel.i® and A. Kundt and W. C. Eontgen. According 
to^L. II. Siertsema, the value for wave-lengths, A, between 0-423j[x and 0-684/4, at 
14 and 100 kgrms. per sq. mm. press., is 01— 0'0001712A”i+0-00004519A *. 

V. Raman and K. S, Krislman calculated 0*04 xlS”^® for their constant at 20° 

E Stoll gave for the dispersion of Ught of wave-length A=4388 to 9224 A., in 
nitiogen, (/4— l)107=2977-27+22-65A*2, when it is expressed in The scattering 
of light and polarization in nitrogen was studied by I^rd Rayleigh. K. B. Rama- 
nathan and N. G, Srinvasan found that the depolarization of light scattered by 
f ®^Pportfi the view that the configuration of the outer electrons is like that 
nt the electrons of carbon monoxide. 

Quito a number of different spectra of nitrogen have been described. There 
are the line spectrum, five-band spectra, one of nitrogen at the anode, one of 
UTogen at the cathode, one attributed to the oxygon compounds of nitrogen, and 
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one to amiuonia. According to J. Trowbridge and T. W. Richards, the so catted 
channelled B]>octriim is always obtained by a continuous discharge with no spark- 
gap or brush discharge in the circuit — the glow in the ca]>illary and about the 
electrodes has a delicate pink colour. When an air-gap over which the battery 
discharges in a brush is introduced into the circuit, the glow becomes more violet, 
and the red band decreases in intensity, and this the more the larger the size of the 
air-gap — ^finally the red bands almost wholly disappear and the green and blue 
bands impart a blue glow to the gas in the capillary. If a condenser is intro-* 
duced in the circuit, the blue colour changes to a rich bluish-green, and if the 
condenser discharge is damped by a suitable resistance, the channelled spectrum 
reappears. The line spectrum of nitrogen is produced when a jar-diachargc 
passes through the gas, and when the spectra of metals are examined by 
allowing the jar-disekaige to pass between tbe metal electrodes in air. The 
main lines in the green spectrum of nitrogen arc shown in Fig. 5. Observa- 
tions were made by D. Brewster, W. A, Miller, A. J. Angstrom, I). ALter, 
J. Plucker, II. W. Dove, V. S. M. van der Willigen, B. Robiquet, G, Kirchhoff, 
G. G. Stokes, IF. 0. Dibbits, C. Fievez, A. DitW, 11. Dcalaudres, U. S^guy, R. Nasini 
and F. Andorlini, A. Mitscherlich, J. Chautard, W. Huggins, H. F. Brasack, 
A. Fowler and L. J. Freeman, and A. 8chimkoi!. J. Foimanek gave for the more 
important lines m the spectrum of nitrogen 5942, and 5933 in the orangc-ycllow ; 
5679, 5675, and 5067 in the yellowish-green; 5542, 5535, 5531. 5196, 5180, 5046, 
6020, 5017, 5011, 5006, 5(H)3. 4994, and 4988 in the green; 4804, 4789, 4780, 
4641, 4629, 4600, and 4601 in the blue : 4446 and 4348 in the indigo ; and 4237, 
4229, and 399.5 in the violet. M. Curie studied the spark spectrum of liquid 
nitrogen; D. A. Keys and M. S. Home, the striated discharge in mixtures of 
hydrogen and nitrogen ; and B. Trumpy, the bre^adths and intensities of the lines. 

The band spectrom of nitrogen in a vacuum tube was observed by J. PlUcker, 
and in the brush discharge of an ordinary electrical machine, by V. S. M. van dei 
Willigen. It is illustrated by Fig. 6. The spectrum was studied by J. Flucker 
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P'jL.s. 5 and 6. — ^1'he Band, and tlie (arson Spectra of Nitrogon. 

and J. W. Ilittorf, H. Nagaoka, J. C. Slater, R. T. Birge and J. J. HopHeld, 
T. R. Merton and J. G. Filley, K. Sewig, H. Kirschbaum, L. and £. Bloch, 
W. Steubing and M. Toussamt, P. landau, M. Duflieux, M. Fassbendcr, 
II. Bponer, K. T. Birge, G. 11. Diecke, R. Mecko, R. S. MuUiken, M. Guillory, 
E. E. Witmer, A. J. Angstrom and R. Thalen, M. Hamy, and L. do Bois- 
baudran. Tbe bands in the red and yellow appear different from those in the 
blue and violet. Hence, J. Pliicker and J. W. Hittorf said that two spectra 
are really supcTi)osed and are really produced by two different sets of mols. By 
increasing the diameter of the capillary part they obtained a tube which showed 
only the rod and yellow bunds ; and added : 

We Bucceedod in oonstnictiiig a tube wliich, when the direct dischar^ woa sent thzouKh 
it, became inoaudesceni with the most brilliant gold-coloured hght, which might easily be 
confounded willi tho hght of highly-ignited vapouiB of sodium , but with the intoicalated 
jar, the light ol the iiii'andcbCBid gas wiiliin tlie same tube had a lino bluish- violet colour. 
Tho yellow light when analj'zed by the prism gave a beautiful spectrum of shaded bands, 
extending imili decreasing mloiibity to the blue, the channelled spaces being scarcely 
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mMitible. Tb* blulih Ugbt when eumined wbb reaolred by the prism into channelled 
extending towards the red ; while the fonner banda almost entirely diaappenrod. 
tmnafonn each cobur and its ooneaponding spectrum into the other od libilum. 

6. Salet showed that sodium may be heated in the tube containing the nitiogen 
Without changing the spectrum, and hence inferred that the spectrum is really due 
to nitrogen and not to an oxide. A. J. Angstrom and B. Thal^n considered that the 
band spectrum is due to an oxide because with a discharge in air showing the band 
spectrum, the formation of nitrogen oxide can be demonstrated. A. Schuster, how- 
ever, considered 0. diet’s experiment decisive. The subject has been examined by 
A. &ccLi, H. C. Vogel, A. Behnster, A. WilUner, A. Cazin, W. Crookes, E. Gold- 
stein B. Hasselberg, G. D. Liveing and J. Dewar, C. F. Smyth, H. Deslandies, 
A. T. Bundell, J. S. Ames, E. Warburg, L. Zehnder, J. Trowbridge and 
T. W. Richards, A. Kalahne, E. S. Ferry, G. A. Hcmaaloch, G. Bemdt, C. Cuthbert- 
son, H. Crew and J. C. Baker, G. C. Hutchins, P. Lewis and A. S. King, A. Hagen- 
bach and H. Eonen, J. Stark, P. 6. Nutting, A. Hagonbach, J. Sohniederjost, 
E. E. Lawton, B. von der Helm, F. Himstedt and H. von Dechend, etc. M. Tons- 
saint studied the eflect of argon, and of iodine on the band spectrum of nitrogen ; 
and W. Schiitz, the efiect of nitrogen on the spectrum of sodium. M. Duffieux 
studied the mass of the particles emitting the baud spectrum of nitrogen. 

J. Fliicker and J. W. Hittorf also showed that with a condensed discharge, the 
vacuum tube glows with a white light. This gives a line spectrum wUch is 
identical with that of the spark discharge, but has no relation with the band 
spectrum just indicated. These observations were confirmed by A. Wiillner, 

E. Ueitlingcr and M. Kubn, 0. Schenk, and L. dc Boisbaudran. The line spectrum 
has been also examined by A. Secchi, H. C. Vogel, G. Salet, A. Cazin, 0. Neovius, 

J. Trowbridge and T. W. Richards, A. Schultz, W. Wien, H. Deslandies, 
H. Moissan and H. Deslandies, G. A, llemsalech, F. Exuer and E. Haschek, 
G. Bemdt, P. Hermesdorf, J, Stark, P. W, Merrill and co-workers, P, 6. Nutting, 
and A. Hageubach and H. Konen. M. Curie studied the spark discharge in liquid 
nitrogen. G. M. J. HcEay observed no evidence of spectral lines from nitrogen 
heated to 3200° E., and he attributed the spectrum obtained by A. S. King, and 
G. A. llemsalech from the heated gas to a chemical action of some kind. The 
arc spectnim has been examined by B. Walter, A. Hagcnbacli, A. H. Pfund, 

K. T. Crompton and 0. S. Dufiendaok, R. A. Wolfe and 0. S. DuBendack, 
A, S. King, T. B. Merton and J. G. Pilley, E. T. Compton, and C. T. Ewei ; the 
nltra-ied spectram, by E. R. Drew, J. C. McLennan and co-workeis, A. H. Pfund, 
J. W. Ellis, W. W. Coblentz, E. 0. Salant, and K. von der Helm; the ultra- 
violet speotram* by H. Deslandies, H. Kreusler, G. Bemdt, L. Cicchomsky, 
r. Baccpj, F. Einer and E. Haschek, J. J. llopfield and S. W. Leifsou, 
S. W. Lcifson, I. S. Bowen and S. B. Ingram, 1. S. Bowen and B. A. Milli- 
kan, 0. Oldenburg, A, W. Wright and E. 8. Downs, V, Schumann, A. Dauvillicr, 
and J. Bchneiderjost; the dectrodeloss tube speotmm, by P. D. Foote and 
A. E. Buark, and P. Lewis ; the flame spectmm, by J. Schneiderjost, and 
C. de Watteville ; the canal ray apectmm, by A Schultz, E. Goldstein, J. Stark 
and co-workers, W. Hermann, E. E. Lawton, R. Pohl, and V. Bcrglund ; and the 
absorption speotnim, by E. Luck, A. Kundt, P. M. Garibaldi, L. Cailletet, 

J- Moser, J. L. Schonn, F. Holweek, B. Hasselberg, J. L. Sorct, 
W. J. Bussell and W. Lapraik, W. N. Hartley, R. T. Birge, P. Hautefeuille 
■ 9^*PPluB, 0. H. Dieke, G. D. Liveing and J, Dewar, and P. Baccei. 

F. C. Brickweddo and W. A. MacNair found no absorption with liquid nitrogen 
^tween wave-lengths 2000 A. and 6600 A. M. Fassbendor studied the negative 
MDd-spectnun ; V. S. M. van der WilBgcn found that the spectrum oI the 
native glow in a nitrogen tube is not usually shown in other parts of the 
tube. It was mapped by A. J. Angstrom and B. Thal^n. It is a channelled 
spectrum fading away towards the blue. The bands partially overlap some of 
tne bauds of the spectrum of the positive discharge. The bands of the spectrum 
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of the negative glow belong to a Bpectnun distinct from the ordinary spectrum 
of the positive Sschargo although traces of the fonner may occur in the latter 
If the press, is much reduced, ^e negative glow gradually extends throughout 
the whole tube. This subject has been examined by 7. Braaaok, A. Schultz, 
A. Schuster, F. Lewis, and H. Deslandres, and the spectrum of the aiter-glow and 
the fluorescence in a vacuum tube, by F. Lewis, 0. Oldonberg, and E. von Mosen- 
geil. 0. Oldenberg studied the fluorescence of nitrogen in the ultra-violet; 
J. C. McLennan and co-workers, 0. Carlo, and D. A, Keys, the phospliorescence 
spectrum of solid nitrogen bombarded by electrons — ^the 6577 line is due to 
oxygen, vide supra, air ; B. Reismann, and L. Vegard, the cathode ray spectrum 
of nitrogen in a vacuum tube. 0. Oldenberg found that the fluorescence produced 
in nitrogen by short-wave, ultra-violet light has a spectrum showing bands due to 
neutral and ionized molecules, H. 0. iGiesei studied the excitation of the bands 
by electron collisions. 

Lord Rayleigh, B. G. Johnson, and W. Steubing and M. Toussaint studied the 
efiect of the inert gases on the band spectrum of nitrogen. A. WiiUncr described 
the changes which occur in the spectrum of nitrogen as the pressure in the tube 
is gradually increased. S. Datta studied the efiect of bromine on the spectrum 
of nitrogen ; W. H. B. Cameron, the efiect of neon ; D. A. Keys and M. S. Home, 
the efiect of hydrogen ; and C. Fiichtbauer and G. Joos, the broadeniug of the 
spectral lines by other gases. The efiect of press, has been also examined by 
E. Yillari, E. Goldstein, J. Huddleston, A. Cazin, W. Crookes, T. R. Merton, and 
A. Zehden ; and the efiect of a low iemperaturej by K, R. Koch, J. C. McLennan 
and G. M. Shium, M. Cantone, A. Hagenbach, and J. F. Donaghey. According 
to H. Erdmann and co-workers, the reddish-violet colour of tlie ordinary discharge 
tube, showing the band specirum, becomes greenish-yellow when roolod with 
liquid nitrogen, and then it shows the Ime spectrum. L. Vegard and co-workcrs, 
and J. C. McLennan and co-workcrs, studied the spectrum of the light emitted by 
bombarding solid nitrogen, and mixtures of nitrogen and neon, with high velocity 
cathode rays, at the temp, of liquid helium, D. C. Duncau, and H. 0. Knescr, the 
spectrum produced by electronio impacts ; H. Kersclibaum, 1 he duration of the 
hght emitted by arc and spark. The efiect of a magnetic field—tlu' Zeeman effect 
—was examined by W. Schiitz, J. Chautard, H. Krefft, 6. Berndt, W. Wien, 
L. Grebe and A. Bachem, J. E. Purvis, W. Steubing, aud N. Yaccaro; of an 
electric field f by U. Yoshida, and S. Datta ; the Doppler effcit, by J. Stark, If. Rau, 
H. Erefit, and W. Hermann ; J. A. Schwindler, the efiect of the potenlid ami 
frequency of the spark ; and L. Grebe and A. Bachem, the gravitalional displace- 
ment of the A— 3^3 A. line of the solar spectrum. The spectra of the nitrogen 
oxy-compounds have been described by G. L. Ciamician, 6. Scheibe, E. DGmar9ay, 
L. Bell, W. N. Hartley, P. Lewis, H. 0. Eneser, A. Dufonr, and E. Warburg and 
G. Lcithauser ; and the spectrum of ammonia, by A. Schuster, E. B. Hofmann, 

J. L. Schonn, L. de Boisbaudran, H. 0. Eneser, G. Magnanini, L. Zehnder, 
R. Mocke and F. Lindau, W. N. Hartley, F. Lewis, J. Trowbridge, and W. 11. Bair , 
of amines, by H. Ley and F. Yolbert, and G. Scheibe; while W. W. Coblentz, 
E. 0. Salant, J. W. Ellis, E. Hulthen and S. Nakamura, W. Jevons, 

K. von Auweis and R. Eraul studied the spectrochemistry of the nitrogeit 
compounds. 

Regularities in the spectral lines have been discussed by A. Eratzer, 
R. A. Millikan and I. S. Bowen, 1. B. Bowen, B. Rudy, B. Rosen, H. Sponcr, 
(J. C. Eiess, F. Croze, F. Croze and J. Gilles, L. de Boisbaudran, G. J. Stoucy. 

D. Gemez. J. Stark and 0. Hardtke, H. Deslandres, and H. Deslandres and 
A. Eannapcll. J. J. Hopfield, A. Fowler, S. Datta, identified series speciza. 
This makes it appear as if the ordinaiy line spectrum is the spark spectrum of 
N+ ; while A. Fowler has suggested that the so-called enhanc^ lines, obtained 
by using a powerful stimulus, may represent a second stage in the ionization. 

E. Hulthhn and G. Johansson, E. Beckert and M. A. Catalan, C. C. Eiess, 
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jH Holweok, and F. Lindan aindied the etmotnie of the nitiogea baoda. 
E ' Condon, and B. Meoke duonaaed the diatribntion of energy in the band apeotmm. 
]{ Duffienx eatimated the naeaea of the paitidea that produce the nitrogen 

^ F. Holweckj^^ and A. Dauvilliei studied the E-series qf the Z-zay gpectcom ; 
and C. 0. Baikla, the J-series. The loatteiing ol X-rsTB in nitrogen has been 
studied by J. A. Crowtheii J. S. Townsend, and 0 . W. Hewlett ; the absorption 
of X-rays, by T. E. Aurin, and F. Holweck, and the diffraction of X-rm in liquid 
ii\trogen, by W. H. Eeesom And J. de Smedt ; and J. M. Nuttall and E. J. Williams, 
the ranges of the jS-tays in nitrogen; 0. P.^rnweU, H. E. Erikson, H. Eallmann 
and M. A. Bredig, J. W. Brozon, B. P. IfcCallum and 0. M. Focken, W. W. Merry- 
mon, and I. Lai^muir and H. A. Jones mvestig^ated the ionizatian of nitrogen ; 
T. L. U. Ayres, and E. T, Compton and C. C. van Voorhis, the ionisation by 
collision; F. M. S, Blackett, W. P. Jesse, R. W. Gurney, ionization by a-partides, 
and by alow electrons , H. Sponer and co-workers, the heat ol ionization. 
N 2 ~>N‘ 2 < H. D. Smyth, A. L. Hughes, E, T. Compton and C. G. van Voorhis, 
and T. B. Hogness and E. 0. Lunn, studied the ionization of nitrogen by electronic 
impact, and the results show that the ordinary ionizing potential at 16-9 volts 
correaponda with the production of singly changed mol. ions, N 2 ; and singly 
and douldy charged atomic ions, N", N', at 27-7 volts. T. B. Hogness and 
E. U. Lunn, and B. T. Birge discussed the energy levels of the nitrogen mol, 
T. L. B. Ayres studied the collision frequency of electrons and molecules ; 
and V. H. Bailey, the attachment of elections to the molecules of nitrogen. 
The velocity ol ttie ions in an electric field with a potential difference of 
one volt per cm. was found by J. Franck to be 1’27 cms. per sec. for the 
positive 10 ns and 1-84^ to 1204 cms. per sec. for the negative ions from poloniom 
at 15° and 760 mm. W. B. Haines obtainod 370-500 cms. per sec. ; H. B. Wahlin, 
18,000 cms. per sec.; and L. B. Loeb, about 10,000 cms. per sec. L. Meitner 
and K. Freitag studied the tracks of the a-particles in nitrogen ; J. M. Nuttall 
and E. J. Wiliiams, the tracks and ranges of the jS-rays in nitrogen ; P. Auger, 
the photo-electrons ; 0. Laporte, the mobilities of ions in nitrogen ; and 
M. C. Johnson, the velocities of the ions in stellar atmospheres under the influenoe 
of radiation pressure. For the dilhudon coefficient ol ions in nitrogen E. Salles 
obtained 0-0295 sq. cm. per sec. for the positive ions, and 0-011 for the negative 
ions. H. F. Mayer, and B. B. Brode studied the absorption oi slow moving 
electrons by nitrogen mols. S. F. McCallum and C. M. Focken measured the 
rate of increase of current due to ionization when the electrons are produced by a 
lieatrd filament and by ultra-violet light ; and they compared the effect of ioniza- 
tion by collision with that due to radiation. J. S. Townsend and V. A. Bailey 
estiniatod that when an electron moving with a velocity of the order of 10 ^ cms. 
per see. collides with a mol. of nitrogen, it loses more than 1 per cent, of its energy. 
0 . Kanisauer studied the effective cross-sectional area in collision between the 
Diuls. of nitrogen and electrons, B. B. Brode studied the mean free path of the 
elections; E. Briiche, the area offered by nitrogen molecules to alow electrons; 
W . Harries, the loss of energy by the colUsion of slow electrons with nitrogen 
molecules ; and G, F. Hamwell, inelastic collisions in ionized mixtures of nitrogen 
and the rare gases, 

0 , S. Dufiendack and D. C. Duncan studied the excitation of the spectra of 
Uitrogeu by electronic impacts ; and V. Eondiatecfi found that a voltage of 32 ±2 
IS necessary tg make the band spectrum of nitrogen appear, although atomic 
lin^ made their appearance first. The nitrogen molecule can break down in one 
^tion into excited atoms N 2 ->N'-|-N', or N 2 =N'+N'+ 0 . B. Davis and 
f • p. Gouchcr showed that the ionization at about 7-6 volts is not really the 
ionizing potential, but rather represents the least energy an electron must have 
IR excite radiation by the bombarded mol. ; they gave about 

18 volts for the ionizing potential. H. D. Smyth obtained a aimilar result, and 
voL, vm, • 9 
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E, Brandt obtained 17*76 volts, and bigher ionisation etagea at 26-41 volts and 
30-72 volts— G. B. Bazzoni and A. T. Waldie confimed these resnlts— B» Davis 
gave 17 and 29-9 volts ; G. B. KistUkowsby, 17 volts ; G. Stead and B. S. Gossling, 
17-2 volia ; and R. A. Morton and B. W. Biding, 17-01 volts. L. and E. Bloch 
found that the negative band speotruzn of nitrogen has an ionizing potential of 
21-6 volts, and the positive band spectrum of 12 volts. E, E. Witmer gave 18 
volts for the criti^ potential of the negative band spectrum of nitrogen. 

G. Kistiakowsky found ionization potentials for nitrogen on an iron catalyst at 
11*1, 13*0, 16-0, and 17-1 volts. E. T. Compton, A. S. Lcvesley, and A. L. Hughes 
and A. A. Dixon made observations on this subject. A. E. Buark and co-workem 
gave 16-9 volts for the ionizing potential of nitrogen, and 8-18 volts for the 
inelastic collision potential ; 0. 8. Dufiendack gave 16-2 volts ; C. A. Mackay, 
16-3 volts. F. E. Boucher gave for the ionizing potential 15-8 volts ; for the 
leraianoe potential, 8-4 volts; and for the potentials at which radiation is 
prominent, 8*4-16-8 volts. F. L. Mohler and P. D. Foote gave 8-18 volts for 
the resonance potential and 16-9 volts for the ionization potential. The resonance 
potential corresponds with the nitrogen doublet at A= 1492-2 A., and 1494-8 A., 
whilst the ionizing potential corresponds with the first term of the spectral series 
converging at A=730 A. P. £. Boucher, B. Kudy, B, Rosen, H. E. ErefEt, 
J. Franck, and C. G. Found made observations on this subject. N. Ferrakis 
worked out a relation between the ionizing potential and the critical constants. 
B. Davis studied the relation between the critical potentials and the indices of 
refraction. 

The diflchaige tension of the current required for spherical electrodes was 
found by A. Orgler^^ with nitrogen at different press., p, and with spark gaps 
0-60 cm. and 0-10 cm., to bo 

p . . . 750 650 450 250 100 60 40 mm. 

Kilovolts (0*5) . 18*13 16-20 12-08 7*617 3*840 2*681 2*010 

Kilovolts (0*1) . 4 890 4 308 3-360 2-235 1*218 — 

H. Eerschbaum studied the duration of luminous cathode rays in nitrogen. 
Observations were also made by K. J. Strutt, W. Wien, and H. E. Hurst. Observa- 
tions on the point discharge were made by E. Warburg and F. B. Gorton. 
M. Firani examined the effects of minute traces of impurity on the point discharge 
in nitrogen ; E. G. Emeleus, the distribution of the potential in the glow dis- 
charge in nifrogen; T. Terada and U. Nakaya, the structure and form of the 
qparks; C. Eckart and co-workers, the low-voltage arc oscilliations ; and 
A. Giinthor-Schulze, and 0. W. Richardson and R. Chaudhuri studied the 
potential gradient. According to J. Franck and G. Hertz, an electron formed 
in the neighbourhood of a point cathode in a pure gas can lead to a strong 
ionization, and consequent variation in the current, which, however, is irregular 
in occurrence, owing to the infrequency of the phenomenon. On the other hand, 
the presence of miuuto amounts of electronegative substances, such as oxygen, 
oxides of nitrogen, or water, causes an increase in the current, owing to the pro- 
duction of electrons at the cathode. Such a gaseous mixture, however, does not 
behave in a stable manner, tlie phenomena being complicated by the occurrence 
of slow chemical changes, which cause gradual iteration iu the strength of the 
current, in accordance with the nature of the chemical processes. With a pure 
gas, the current rises initially, owing to the liberation of inherent impurities by 
the beat, but falls when the maximum of impurity has been passed. In an impure 
gas, on the other hand, more strongly electronegative products (such os nitric 
oxide) may be readily formed, thus causing a decrease in the current, which 
subsequently rises after partial or complete absorption of the impurities by the 
electrodes. M. Firani found that the maximum current strength depends on the 
oxygen content. The timc-cuirent curves for mixtures containing oxygen, in 
contrast to those for pure nitrogen, exhibit a steep rise after a time. Obviously, 
the oxygen is gradually consumed, possibly by formation of nitric oxide, which 
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is removed hj the mdybdeiiuin ot other oziduahle part of the appaiatue. The 
removal u not, however, quantitative, and there remain minute traoee of ozj^ 
whioh raise the current strength above the normal value. The mixture in wmch 
the greatest rise was observed contained about 5 x 10^ per cent. The appearance of 
the point discharge is more considerably modified by water vap. than by oxygen. 
The timc-cuircnt curves, in contrast to thoso of mixtures containing oxygen, 
exhibit a definite and less defined minimum which giadnally disappears with 
increasing water-vapour content, and, in particular, show a gradu^y rising 
branch, the current values for whioh wiA mixtures poor in aq. vap. lie above those 
for pure nitrogen, and appear to lead asymptotically to a mal value. The pro- 
cess^ on which these curves de^nd are obviously ve^ complicated, owing to the 
dissociation of water vapour. With slight modifications, the experiments can be 
extended to the rare gases ; the sensitiveness is greater in these cases, but the 
phenomena are generally similar. The presence of hydrogen in nitrogen to the 
extent of 0-1 per cent, or more can be detected with certainty by means of the 
time-current curves, but the slight elasticity of the hydrogen molecules renders 
the method less sensitive. 0. Hammeishaimb and P. Hercier, and R. H. George 
and K. A. Oplingcr studied the sparking potential of nitrogen ; and H. BtiicL 
lein, the effect of water on the sparlang potential. W. Clarkson studied the flaahing 
of argon>iiitiogen discharge tubes ; H. Fischer, the discharge with Tesla currents. 
The potential difference of the cathode for the glow discharge with different metals 
111 nitrogen was measured by K. Rottgardt, R. Seeliger, 0. S. Duffendack, R. Holm, 
W. Heuse, £. Warburg, and C. A. Signer. P. D. Foote and A. E. Ruark studied 
the electrodelcBS discharge in nitrogen. 0. Holst, and E, Blechsmidt studied 
cathodic disintegration in nitrogen. 

The didecixic constant of nitrogen at one atm. press., and 0°, was found by 
II. Rohmann to be 1-000606 ; £. Bodareu gave 1-000587 at ordinary press., 
and for press, at which the density is D, {K - l)10''=:1954(fir+2)D ; and K. Tangl 
gave for 20”, 1-00581 at one atm. press. ; 1-01086 at 20 atm. ; and 1*05498 at 
100 aim. ; and E. C. Fritts, 1-000555. C. T, Zahn found the dielectric 
constant, c, ot nitrogen to be (e— 1)10®=1898 at —88-9” ; 792 at —76-2” ; 581 
at 0” ; and 283 at 289-1” ; and the residts can be represented by P. Debye’s 
expression (€-‘l)^T=-0-000580T, where v is the sp. vol. per c.c. of an ideal gas 
at n.p. 6. L. Ebert and W. H. Keesom gave 1*472 at —209*1°, and 1-440 
at - 19G'5° for liquid nitrogen; and 1*45 to 1*46 for solid nitrogen at —213”, 
W. Herz, K. Wolf, and G. L. Addenbiooke studied the connection between the 
dielectric constant and other physical properties. J. H. Jones discussed the 
quantum thc'ory of dielectrics ; and G. Jung, the orientation of the molecules in 
^electrics. W. Kliefolh observed the dectro^ctuni or contraction in vol. which 
occurs when an external electric force is applied to the gas ; this indicates that 
the attraction between the molecules is of electrical origin. 

M. Faraday said that nitrogen “ appears to be neither magnetic nor diamag- 
netic.” F. Zantedischi discussed this subject. The magnetic ni8ceptibili& 
found by G. Quincke at 16” was +0-001x10^ vol. unit at one atm, press., and 
40-04x10^ at 40 atm. press. T. Bond gave —0-00033x10^ vol. unit at 20”, 
and -0-265x10^® mass unit for chemically pure nitrogen; and — 0-000360 Xl0“* 
vol. unit and — 0-452 xl0~° mass unit for atm. nitrogen. F. J, von Wisniewsky 
gave — 4*91xl9“io mass units. L. G. Hector gave — 49-lxlfr"^ for the vol. 
Biuccptibility of nitrogen at 20” and 760 mm, ; P. Pascal calculated for combined 
nitrogen —55-6x10*'^. The subject was studied by G. W. Hammar. According 
to A. Glaser, as the press, of the nitrogen is diminished, the susceptibility at 
first decreased in proportion ; but this ceued when a definite press, was attained, 
and thereafter, the rate of the diminution of the susceptibility decreased greatly, 
BO that at very low press, the susceptibility is three times as great as it could have 
been if the original rate of diminution had been maintained throughout. He 
suggested that at low press., the distance between the mols. is such that there is 
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time between the collisionfl for the mole, to become oriented with respect to the 
field. At higher press., the oollisions are constantly destroying any tendency to 
orientation, so that all the mole, are practically nnoriented. G. Breit found the 
susceptibility to be proportional to the press, if that be sufficiently high or sufficiently 
low, but there is an intermediate region where the relation is non-linear. 
B. H. Wilsdon calculated values for the magnetic constants. N. C. Little observed 
a fall in temp, when nitrogen is excited between the poles of an electromagnet. 
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§ 7. The Bolnbility of Nitrogen 

J. Priestley ^ observed that nitrogen is given off when water freezes^ and henee 
inferred that water is converted into nitrogen during the operation, or else it 
contains more nitrogen in soln. than is usually suBj>ected, but H. Davy showed that 
the gas is only in soln. as common air. Nitrogen is soluble in water, N. T. de 
Sanssure said that one vol. of water at 16** dissolves 0-0417 vol. of nitrogen, 0-0147 
vol. at 15-5° aecording to W. Henry ; and, according to J. Dalton, 0-0156 vol. at 
ordinary temp. Observations were also made by B. Bunsen, W. E. Adeney and 
II. Ci. Bcckrr, E. Angstrom, J. H. Costc, C. Jagor, B. Schulz, T. E. Thorpe and 

J. W, Ilodgcr, E. B. Truman, M. Trautz and H. Henning, F. Weigert, C. J. J. Fox, 

K. Drucker and E. Moles, C. Muller, A. Findlay and H. J. M. Creighton, 
6. Just, L. Braun, G. von lliifnci, W. ^ttmar, A. Hamberg, J. H. Hildebrand, 
0. Pettmuu and K. Bodrn, and C. Buhi and J. Rock. A selection from the results 
of L. W. 'Winkler is given in Table XI, where the absorption coeAcient, j3, TepresentB 
the vol. of gas, reduced to 0” and 760 mm., which is absorbed by one vol, of liquid 
wlien the press, of the gas, without the partial press, of the liquid, amounts to 
760 mm. ; thB,j3olubility, S, represents the vol. of gas reduiyed to 0° and 760 mm., 
absorbed by one vol. of the liquid when the barometer indicates 760 mm. ; and, 
g, the weight of gas in grains taken up by 100 grms. of liquid at the indicated temp., 
and when the partial press, of the gas })lu8 the vap. press, of the liquid totals 
760 mm. H. E. lloseoo and J. Luni said that a litre of water sat. with air contains 

Taulk XI.— Tiir. Soludiuty or NirnuaEN in Water. 
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15*17 o.c. of nitrogen, and 7-87 c.c. of ozjgen at 0*^ ; at 15^ 13*83 o.o., and 7*09 c.c. 
of oxygen ; at 20^ 12-76 c.o., and 6*44 cx. of oxygen ; and at 25^ 11*78 c.c., and 

6-91 C.O. of oxygen. Observations were also made by E, Buppin, G, C. and 
M. C. Whipple, A. Hamberg, W. Dittmar, and 0. Fottersson and E. Sod4n— 
air. B. Bunsen represented the coefi. of absorption, at 0°, by j3— 0-020346 
— O-OOO538870+O-OOOO1115602. The solubility of nitrogrn in sea-uwfpf was 
measured by C. J. J. Fox, W» Dittmar, J. H. Coste, A. Hamberg, and H. Tomoe. 
L. Cassuto measured the effect of pressure, p in metres of mercury, on the solu 
bility coeff . of nitrogen in water, and found : 



. 0-8910 
• 0-01617 


1-2488 

0-01611 


24 



0 8977 1-15573 

0-014R8 0-01487 


2 9074 
0 01585 
2 5171 
0-01478 


4-5958 

0-01554 

4-0947 

0-01440 


6-2767 

0-01515 

6-0529 

0-01429 


7-5816 
0-01487 

7-0333 
0 01382 


8-1074 
0-01473 

8-1846 
0 01369 


K. S. Wyatt found that an aq. soln. of nitrogen, saturated at a press, exceeding 
100 atm. at ordinary temp., could be brought to atm. press, without the immediate 
formation of bubbles in the body of the liquid ; and F. B. Kenrick ard co-workers 
studied the supeisaturation of water with nitrogen. W. E. 'deiiey and 

H. G. Becker measured the rate of solution of nitrogen in water and found that 
dwldt=a~hWj where to represents the total quantity of gas in soln. at any moment ; 
t, the time ; and a and b are constants depending on th» size of the apparatus. 
The rate of solution depends on the humidity of the gas, being greater with dry t han 
with moist air. J. Metschel discussed the supersaturatiou of nitrogen in water. 

I. B. McHafie studied the cone, of water in the gas phase with air in equilibnum 
with water. F. Garelli and E. Monath observed no appreciable lowering of the 
f.p. of stannous chloride by the dissolution of nitrogen. 

E. Erdmann and F. Bedford found that liquid oxygen absorbs nitrogen 
energetically from the atm. At — 19l-5^ 14-B80 grms. of liquid oxygen absorb 
6-6 litres of gaseous nitrogen at the same time almost doubling its vol. A. Stock 
made some observations on this subject— ride the vap. press, of liquid air. For 
the coeff. of absorption of nitrogen by sulphuric acid, C. Bohr found between 20-0” 
and 21-5° ; 

H1SO4 . . 0 4-0 10-7 20-3 29 0 34 3 35-8 

g . . . 0-0156 0-0091 0-0066 0 0049 0-0051 0-0100 0-0129 


Measurements were also made by A. Christoff. L. Braun gave for the cucll. of 
absorption of nitrogen in aq. soln. of sodtum chloride and of barium chloride : 


0" 

6- 

10" 

16" 

20" 

26" 

0-6 per cent. 

0-0200 

0-0186 

0-0164 

0 0148 

0-0130 

11-73 „ „ 

0-0102 

0-0093 

0-0081 

0-0066 

0-0047 

3*33 ,1 ,f 

0-0183 

0-0168 

0 0150 

0-0135 

0 0119 

13-83 „ 

0-0127 

0-0117 

0-0104 

0 0092 

0-0078 


J. H. Coste and E. R. Andrews measured the solubility of nitrogen in soln. of 
sodium, potassium and ammonium chlorides ; and A. T. Larsen and C, A. Black, 
in liquid ammonia, N. T. de Saussurc said that 100 vols. of either water or alcohol 
of sp. gr. 0-84 dissolve 4-2vols. of nitrogen at 18° and 760 mm. The solubility 
of nitrogen is greater in alcohol than in water. B. Bunsen gave for the absorption 
coeff. : 

0* 6* HP 15" 20- 24" 

g . . . 0*1263 0-1244 0-1228 0-1214 0-1204 0-1198 

L. CariuB gave JB=0-12633B— O-OOO4180+O'OOOOO6O02. Obscryations were also 
made by G. Just, and S. Gniewasz and A. Walfisz. J, Metschel discussed the super- 
saturation of soln. in alcohol. For the solubility expresses! as the ratio of the vol. 
of gas absorbed at any given temp, and press, to the vol. of tbs absorbing liquid, 
or ^e vol. of gas absorl^d per unit vol. of solvent, G. Just found at 20° and 25'^ 
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respectivelj for water, 0‘01705 and 0*01634 ; alcohol, 0*1346 and 0*1415 ; 
ethyl alcoAoI (90 par cent.), 0*1400 and 0*1432; amyl dkohol, 0*1208 and 0*1225 ; 
is^yl alcohol, 0*1701 and 0*1734. J. W. Ddbereiner said that ether absorbs 0-15 vol. 
of nitrogen, and A. Christofi found the solnbility of nitrogen in ether at 0” is 0*2580, 
and at 10°, 0*2561. 0. Just gave for the solnbiLty at 20° and 25°, lespectiyely, 
anUine, 0*02992 and 0-03074 ; sulphur dioxide, 0-05290 and 0*05860 ; nilrobemene^ 
0-06082 and 0*06255 ; hemene, 0*1114 and 0*1159 ; acetic add, 0*1172 and 0*1190 ; 
xylene, 0*1185 and 0*1217 ; toluene, 0*1186 and 0*1238 ; ddorofarm, 0*1282 and 
0*1348 ; ocrfone, 0-13S3 and 0*1460 ; amyl acdale, 0*1512 and 0*1542 ; and Myl 
acetate, 0*1678 and 0-1727. J. H. Hildebrand expressing the solubility in terms of 
the molar fraction NxlO^ when the press, p is 1 atm., at 20°, found for the solubility 
of nitrogen in xylene, 6-1 ; ethyl acetate, 6-8 ; toluene, 5-3 ; chloroform, 4*3 ; 
benzene, 4*1 ; acetone, 4*2 ; ethyl alcohol, 3*3 ; nitrobenzene, 2*6 ; methyl alcohol, 
2-2; aniline, Tl ; carbon disulphide, 1*3; and water, 0*13. Gr, Tammann also 
mpasnied the solubility of nitrogen in ethyl, methyl, and amyl alcohols, benzene, 
aniline, carbon disulphide, isobutyl, and amyl aedates. ethylacetate, benzene, 
toluene, xylene, nitrobenzene, acetone, acetic add, and ddoroform. B. Gniewasz 
and A. Walfisz gave for the absorption coeff. of nitrogen in pdroleum at 10°, 0-135 ; 
and at 20°, 0-117. L. Braun gave for 3-82 per cent. a^. soln. of propionic add, 
0-0209 at 5° and 0-0137 at 25° ; and for 11-22 per cent, soln., 0-0195 at 5° and 

0- 0130 at 25°. K. Drucker and E. Moles gave 0*1640 for the solubility of nitrogen 
in mbutync acid at 25*05° and 388*3 mm., and 0*1656 at 832-2 mm. ; for 37*5 per 

1- ent. isobutyric acid at 23*02° and 246*2 mm., 0*0393 and at 867-3 mm. press., 
0-0401 ; and at 29-02° and 231 mm., 0-0373, and 720 mm. press., 0-0386. L. Braun 
gave for 2-28 per cent. aq. soln. of urea, 0*0199 at 5°, and 0*0139 at 25° ; and for 
15-65 per cent, soln., 0-0175 at 5°, and 0-0130 at 25°. C. Bohr said that blood 
absorbs relatively more nitrogen than water. A. Findlay and H. J. M. Creighton 
found that the solubility of nitrogen in blood, or in serum, is less than in water, 
C. Jlimly said that one vul. of caoutchouc absorbs 5 vols. of nitrogen m 5 weeks. 

G. Just said that the solubility of nitrogen in glycerol is immeasurably small at 
20°'25°. C. Muller, and A. von Hammel measured the solubility of nitrogen in 
glycerol and chloral hydrate. The latter gave at 15° : 

Chlural hydrate 0 6*6 U-O 26-1 46*3 70-6 79-1 per cent. 

P . 0-01706 0 0164 0-0164 0-0141 0-0118 0-0131 0 0166 

GJyoerol . 0 16-7 29-9 46-6 72*8 87-3 99-25 per cent 

6 . . 0-1707 0-01400 0-01087 0-00840 0-00562 0-00493 0-00624 

C. Muller found for 11-38, 29-93, and 48-57 per cent. soln. of sucrose, at 15°, 
jB- 0-01480, 0-01053, and 0-00700 respectively ; and G. von Hufner gave at 20-16°- 
20-25°, the coefi. of absorption, j3— 0-01215, 0*01380, and 0-01480 for N, 0-bN-, 
and 0-25^-soln. of dextrose; 0*01221, for N~eo\r. of hevahse; 0-1203, arabincse; 
0*01321, erythrUol; 0-01213, alam'ns; 0*01212, glycerol; 0*01477, urea; and 
0-01475, acetamide. J, Metschcl discussed the supeisaturation of soln. in ethyl 
alcohol, benzene, nitrobenzene, and aniline. 

M. Buithclot 2 found quartz permeable to nitrogen at 1300° — vide quartz and glass. 
The adsorption of nitrogen by platinum has been studied by T. Graham, W. Hempel 
and G. Vater, and A. Bieverts ; iron, chromium, manganese, aluminium, and mag- 
nesium, by A. F. Lidofi ; copper, silver, iron, and nickd, by A. Bieverts and co- 
workers ; silver, by F. Durau ; sodium, copper, iron and nickel, by W- A. Dew and 

H. S. Taylor; carbon, by W. Ilempel and G. Vater, F. Bergter, H. Briggs, 
0. Claude (at —182*6), G. Craig, J. Dewar, I. F. Homfray, J. Hunter, A. B. Lamb 
and co-workers, H. H. Lowry and S. 0. Morgan, E. Reichardt, and A. Titofi. 
A, B. Berthollet observed that nitrogen adheres very tenaciously to charcoal — ^for 
tile absorption by charcoal, dde carbon. J. B. Firth, R. E, Wilson, W. E. Gamer, 
R. Chaplm, F. G. Eeyes and M. J. Marshall, and S. McLean studied the adsorption 
of the gas by chared. A. G, R. Whitehouse gave 0*17-0*22 cal. per c.c., and 
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F. G. Keyes and M. J. Manhall^ 3654 cab. per mol. for tlie boat of adaorpticni 
of nitrogw by charcoal. H. Rowe studied the adsorption at low press. The 
adsorption of nitrogen by cootiteAouo was studied by T. Graham, A. d'ArBonval, 
H. A. Dayncs, G. you Hiifner, and C. S. Venable and T. Fuwa ; kiese^uhr^ pumice^ 
sUme, bone-ashf and tron-ore, by W. Homppl and G. Vater ; silica, stannic ocid, 
aHuminat and meerschaum, by H. Briggs ; mica, by B. lliin, and I. Langmuir ; soils, 
by H. E. Patten and F. E. Gallagher, and E. Keichardt ; glass, by I. Langmuir, 
F, Durau, F. H. Newman, and N. B. Campbell and co-workers ; zinc ox^, by 
H. N. Morse and H. B. Arbuckle, and T. W. Kichards and E. F. Itogera ; chabazite, 
by B. Nacken and L. Wolfi, and R. Seeligor ; siitra-^, by L, H. Beyerson and 
L. E. Swearingen i and iron hydroxides, by F. Schcermesser. J. D. Edwards and 
B. F. Pickering found that if the permeability of rubber to hydrogen b unity, the 
value for nitrogen b 0-16. 
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§ 8. Ibe Oheimcal Properties of Nitrogen 

Wliat of nitrogen T Is not its apparent great simplicity of action all a sham ?— 
M Faraday. 

Was kamm Wold die Ursnche sein, doss der Stickstoif, in seinen Vereinigungon seine 
Natur veraudert T — J. J. Berzelius. 

Nitrogen is the eesentially romantic element, devil or god, according to ciroumstanees.^ 
Lancet. 

Nitrogen at first sight appears to haye but a small tendency to take part in 
chemical reactions. The negative behaviour of nitrogen is illustrat('d by Ibe fact 
that it does not bum in air like hydrogen, and does not Bup])ort combustion like 
ozygcn. Its presence in a gas is assumed because of its inactivity ; it does not 
respond to any of the usual tests. In fine, the most obtrusive characteristic of 
iiitrogou is its chemical inertness, due, it is sometimes stated to “ the great affinity 
of the atoms in the molecule for one another ” ; but, as Q. Martin ^ has said, nitrogen 
possesses very powerful affinities for certain elements and very feeble affinities for 
others, just iu the same way as oxygen or sulphur possesses very strong affinities 
for some elements and feeble ones for others, the only difference being that nitrogen 
exerts its greatest attraction on elements which are different from those upon which 
oxygen or chlorine exerts its greatest affinity. Nitrogen combined with other 
elements often exhibits great chemical activity. Nitrogen is the donunant element 
in tb c proteinsr— the essential constituent in our foods. It has been said that without 
proteins we die, this means that without nitrogen we die. It is a conspicuous 
element in hRemoglobin, and in the enzymes. There are other conspicuous nitrogen 
compounds like prussic acid, the allmloids, artificial musk, indigo, and the ozo- 
dyes. Nitrogen is the central figure in the chemistry of war, for it is an essential 
constituent of virtually all the useful explosives. In illustration, nitrogen chloride 
is possibly the most violent explosive known — ^but its energy is not sufficiently 
under control to allow it to be harnessed for use ; potassium nitrate is the active 
agent in gimpowdor ; and the white and smokdess powders, and explosives are 
all nitrogenous— e.^. nitroglycorol, picric acid, trinitrotoluene, gun-cotton, etc. 
The power of nitrogen in explosives depends on the fact that when associated with 
o^gen it easily releases its partner, which is then taken up by the ossomted 
elements or compounds. The resulting oxidation occurs with explosive rapidity, 
snd huge volumes of gas are formed instantaneously. At the same time, the 
mtrogen leturus to what appears to be a more congenial state — gaseons nitrogen. 
In br^thing, about 450 galls, of nitrogen pass through the lungs every 24 his., 
and this quantity would 1^ suffident to make 30 lbs. of nitrotoluene, or 40 lbs. of 
gun-cotton. 

The idea that nitrogen is on inert gas with a disinclination to enter into chemical 



80 


mOROANIC AND THEORETICAL CHEMISTRY 


reactioiLB is now said to be an ancient fiction ; but it is still true that nitrogen is 
inert in the sense that it is difficult to initiate reactions in which free nitrogen takes 
part. It is usually necessary to laise the reacting components to a high temp, in 
order to inaugurate the reaction. This shows that nitrogen leaves its state of 
chemical rest with difficulty. The chemical inertness of nitrogen is sometimes 
attributed to the relative stability of the molecules. Once the molecule is under 
conditions where it must dissociate into atoms : N 2 ^ 2 N, it becomes very reactive. 
Hence it requires a high temp, to make nitrogen unite with hydrogen, while iodine 
unites with hydrogen at a comparatively low temp, because its molecules are com- 
paratively easily dissociated into atoms. In the absence of other data, 0. Martin 
expressed the “ affinity ” of the elements lor one another in terms of their relative 

heats of dissociation, and plotted, in three 
dimensions, the affinities of the elements with 
their group and senes numbers in the periodic 
table, 1. C, 3. The relations of an element 
to the other elements can thus be repre- 
sented by the distances from a horizontal 
phiie, or by a kind of surface— the su-called 
affijiity surfare. That for nitrogen is repre- 
sented by Fig. 7. 

Nitrogen can under certain conditions be 
made to unite directly with hydrogen to 
form ammonia — vide tnfta — and quite a 
series of nitrogen hydrides is known. Active 
hydrogen was found by G. L. Wendt and 
B. 8 Landauer,^ Y. Venkataraniaiali, and 
11. S. Hirst to act on nitrogen, forming 
ammonia— vitle infra, the synthesis of am- 
monia— but U. S. Taylor, A. L, Marshall and H. S. Taylor, and E. Buhm 

and K. F. Bonhoffer failed to detect any action on nitrogen. E. J. B. Willey 

and E. K. Kideal said that nitrogen at 10 niin. jiresa. forms ammonia when in 
contact with activated hydrogen. According to W. A, Noyes, gaseous hydrogen 
and mtrogen form ammonia in the presence of mercury vapour — possibly also some 
hydrazine is formed. The dissociation of the hydrogen caused by the resonance 
radiation of mercury is taken to be the important factor; and the number of 

molecules of ammonia formed is of the same order as the number of qiiania 

in the incident radiation. J. N. Priug and £. 0. Rausome found that when 
hydrogen is liberated eleebrulyti rally in contact with nitrogen at atm. jiress., 
0-04 per cent, of ammonia was formed ; at 60-104 atm., 0-09 per cent. ; and at 
300-300 atm., none was obtained. Hence the minute yield was due to thermal 
action, and not to the reaction between nitrogen and cathodic hydrogen — 
vide infra, the synthesis of ammonia. D. Berthelot and H. Gaiidechon said that 
nitrogen and oxygen do not combine under the influence of light from a quartz 
mercury lamp — vide supra, the fixation of nitrogen. The direct union of nitrogen 
with oxygen to form the nitrogen oxides is discussed in connection with the so- 
called fixation of atm. nitrogen. N. Smith observed no signs of the formation of 
nitrite or nitrate when moist ferric oxide, stannic oxide, platinum, manganese 
dioxide, or lead dioxide is exposed to oxygen and nitrogen, nor was there any 
sign of oxidation of the nitrogen in the presence of tin, or of ferrous or 
manganous oxide ; but some oxidation generally occurred iii the presence of zinc, 
iron, maguesium, potassium, sodium, or cuprous oxide or chloride. W. T. David 
found that the combustion of hydrogen, carbon monoxide, or methane in air is 
favoured by ultra-red radiations ; while W. T. David and co-workers showed that 
if the nitrogen of air be replaced by argon, oxygen, carbon dioxide, or the com- 
bustible gas itself, the ultra-red radiation has no efiect. It is inferred that there 
b a temporary association between the molecules of nitrogen or of nitrogen oxides 





Fiq. 7.— G. Martinis Affinity Rurfare 
for Nitrogen. 
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with thiMe of the combufltible gas tending to retaxd oombusiioui but this association 
18 inbibitrd when the molecules of the combustiblo gas le^uize vibrational energy 
by the altsorption of ultra-red radiation with a ros^tant mciensc in the speed of 
rombnstion. Nitrogen is not oxidized by oaone. Further observations on the action 
of oxygf'n and ozone on nitrogen are discussed in connection with the fixation of 
nitrogen by oxidation. C. F. Schonbein, and T. S. Hunt supjioscd that ozone can 
oxliiize nitrogen in the presence of alkalies, hut L. Carius, and M, Berihelot were 
unable 1 o ro^rm these observations. Both C. F. Schunbein, and M. Berthelot, 
however, showed that nitrous acid is formed along with ozone during the slow 
oxidation of phosphorus. Liquid nitrogen is a good solvent fur liquids with a low 
b.p. Thus, H. Erdmann found that it readily dissolves liquid oxygen, and forms a 
clear blue soln. with liquid ozone. J. K. H. Inglis and J. E. Coates observed a 
small contraction when liquid oxygon and nitrogen are mixed, and A. Stock and 
C. Nielsen showed that with cq. proportions at —197®, the temp, rises about 0-6®, 
aud the vol. contracts about 0*5 per cent. According to A, and P. Th^nard, a 
mixture of water vapour and nitro^n, under the influence of an electric discharge, 
furnishes ammonium nitrite ; M. Berihelot obtained a similar result with a strong 
induction current, but not with a feeble one. 0. F. Tower observed that only traces 
of nitric oxide are formed when a mixture of nitrogen and water vap. is passed 
over an incandescent filament of rare earths at about 2f)00®. The attempt made by 
P, Villard to prepare nitrogen hydrate was not successful. 

Tlie afilnity of nitrogen for the halogens is small; it is greatest lor iodine and 
least for fluorine. H. Moissan ^ observed no sign of reaction between flnorine and 
nitrogen. 0. Kui! and E. Gicsel failed to make nitrogen fluoride. With Ghlorine» 
however, nitrogen forms a chloride and P. Hautelcmlle and J. Chappius 
observed that if a mixture of chlorine, oxygen, and nitrogen is sparked, a white 
solid approximating N^Cl^Ojs, or CI 2 O 7 . 2 NO 3 , is formed. Nitrogen possibly unites 
indirectly with bromine forming a questionable bromide (q,v,), and with iodine an 
iodide ( 7 . 0 .). The affinity of nitrogen for the elements of the golphur family is 
small. M. Berthelot ^ noted that mtrogen is oxidized when sulphur is burnt in 
cDmjircHSed air in a culorimctiT bomb. F. Kicharz reported that when a sulphuric 
acid S 0 I 11 . of peisulphuric add is exposed to air, nitrous acid is formed, but M. Traube 
dtnird this, and sin ted that hydrogen dioxide, nut nitrous aud, was responsible 
for the icactions on which F. Bicharz based his conclusion. A. T. Larson and 
C. A. Black measured the solabihty of nitrogen in liquid ammonia expressed in 
c e. of gas at n.p.i. per gram of solvent : 

60 «tin. 100 aLm. 160 atm. 

“25 2° 0® IDO® -25 0" 0" 22" -22-0" "^6 0“ IS'S" 

S 0*72 MS 1-4U 2-28 :;'21 1-89 3'33 3-01 

The affinity of nitrogen for the elements of the phosphoms family is feeble ; nitrogen 
forms a phosphide. H. Moissan ^ found tantalum forms a nitride when licated 
to a high tern]), in an atm. of nitrogen. The aflinity of nitrogen for the elements 
of the carbon family is small. B. Tliin studied the adsorption of nitrogen by the 
carbon. 0 . Warburg and W. Brcf eld discussed the activation of the iron in catalytio 
charcoal by nitrogen. M. Berthelot found that diied carbon docs not unite with 
dry nitrogen under the influence of the electric discharge, but if water or hydrogen 
be present, acetylene is formed, and this with the nitrogen furnishes hydrogen 
cyanide. The reaction between acetylene and nitrogen was studied by W. E, Garner 
and co-workers. C. LUdeking found that cyanogen is formed in the combustion 
of carbon in air. The synthesis of cyanides by the action of nitrogen on heated 
carbon, or on the carbon arc, was studied by J. E. Bucher, C. T. Thorsaell, 
P. ^enasy and F. Grude, A. Frank and N. Caro, W. Moldenhauer and 0. Dicf- 
f^bach, J. Mosdeky, and A. Ednig and W. Hubbuch. M. Berthelot foimd 
mtrogen is oxidized when carbon is burnt in compressed air in a calorimeter 
bomb; and he observed that under the influence of the silent discharge, 
VOL. vni. a 
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nitrogen ie absorbed by a number of organic products— mefhaae^ bennet 
(mbenfhine, cdlulose» dextrin, thiophu^ wbon disulphide, etc. The 
influence of nitrogen on the speed of propagation of flame was examined by 

y. Wbeder and co-workers, H. B. Dixon, 0. C, do C, Ellis and co- workers, 
H. Crouch and £. K. Carver studied the eflect of nitrogen on the explosion limits of 
mixtures of methyl alcohol and of acetone with air. F. Garelle noted the tendency 
of nitrogen dissolved in benzene, bromoform, nitrobenzene, and cyclohexane to 
enter the solid phase and lower the f.p. about 0*005 8. Miyamoto found that 
complex products were formed when mixtures of nitrogen with benzene or with 
ethylene are used. M. Berth(‘Jot, L. Hock, S. M. Losanitsch and M. Z. Jovitschitsch, 
S. M. Losanitsch, £. Biincr and A. Baorfuss, E. Briner and £. L. Durand, 
H. F. Kaufmann, W. Loeb, L. Fraiieesconi and A. Ciuilo, W. Dominik, A. K5nig 
and W. Hubbuch, and K. Schupbach studied the action ol the silent discharge on 
mixtures of nitrogen and metiiane. 

F. Wohler and II. 8i. C. Dcville showed that only at a white-heat docs silicon 
react with nitrogen to form a nitride ; H. Moissau observed a similar result 
with titanium, at about 800° ; and J. W. Mallet, and E. Wedekind with zir- 
eoniam at about 1000°. 11. Moissan found that boron forms a nitride at a 
temp, above 1000°, but the alliiiily of nitrogen fur aluminiiuu and the other elements 
of that family is iccblc, A. Kossel made a nitride of aluminium, and H. Moissau, 
and C. Matignon made nitrides of thorium, cerium, lanthanum, praseodymium, 
neOdymhim, and samarium by heating these elements in an atm. of nitrogen at a 
high temp. G. Ferce ma<lc chromium nitride in a similar way; 11. Moissau, 
tungsten nitride, and uranium nitride, and A. Bnssel, iron nitride. In the 
magnesium family, the affinity of nitrogen probably reaches a maximum with 
magnesium, and then falU to a low value towards zinc and thallium. 11. 8t. C. Deville 
and H. Caron, ^ F. Brii^gluz and A. Gcuther, and A. Kossel made magnesium nitride 
by heating tbe metal in an atm. of nitrogen. H. Erdmann found a burning 
magnesium wire is extinguished when plunged in liquid mtrogen. L. Maquenne, 
H. Moissan, A. Giintz, anil A. Geuther made the nitrides of the alkaline cartlis — 
barinm, strontium, and calcium. H. Erdmann said that a mixture of liquid nitrogen, 
and calcium cannot be ignited in the ordinary way, but it can be ignited by a ther- 
mite cartridge. L. Ouvrard, and H. Dcslandies made the nitride of lithinm by 
direct union of the f^lements. The afiiniiy of nitrogen fur the alkaline earths and 
copper, silver, and gold sleadily decreases from lithium tu g[>ld. U. BlonJlot made 
copper nitride. G. I'ammann observed that copper, and iron form much nitride 
when heated in. nitiogeu; ceriam, lanlbanum, xnangsnese, chromium, vanadium, 
and titanium diauge colour; while silicon, tantalum, tungsten, molybdenum, 
cobalti and nickel do not change colour. 
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§ 9. AUotropic Fonns of Nitrogen 

Near the Beginning of the niiietpentli century, tliero was some discussion as to 
whetliei nitrogen is an element or a compound. The controversy as t o the possibilily 
of nitrogen being a coiupouud substance with water as the ponderable base recalls a 
similar dispute as to whether or not carbonic acid exists in chalk. Nilrogeii was 
jiroduced by passing water through a red-hot tube. Cr. Pearson,^ and W. Henry 
obtained nitrogen by burning hydrogen and oxygen in heriiietically sealed vcstels; 

J. Piii'biley, by allowing oxygen to stand in contact with water; C. Giilaimer, 
by boiling water in a glass vessel; and F. JI. A. von Humboldt, by allowing earths 
to stand in a vessel containing atm, air whereby air id changed into nitrogen. 
Hence, said 6. Girtaiiner, nitrogen is water deprived of its oxygen ; or J. Mayer, 
nitrogen is composed of oxj’gen and hydrogen. J. C. Wicgleb, J, K. A. Guttling, 

K. Wurzer, and L. von Crell held similar views. It was shown by A. W. van Haucli, 
C. W . Jach, J . H. van Mons, N. T. de Saussure, C. L. JlerthoUet, and J, ll. Dieniau and 
co-workers, that “the nitrogen gas wliich, in some cases, is obtained by passing water- 
vapour tliruugh ignited tubes, proceeds merely from the external air, deprived of 
its oxygen by the fire in which the tubes are placed ; and the supposed conversion 
of water into nitrogen, by combination with the matter of heat, is overthrown,** 
Those who had synthesized nitrogen in other ways were also deceived by experi- 
ments in which the solubility of nitrogen in water, and the contamination of their 
gases, ctc.p with air was overlooked. This was not obvious because J. J, Berzelius, 
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lor instance, considered nitrogen to be a eubozide of an unknown element which he 
called wifricMMi. Ordinary nitrogen was supposed to be a compound of about 
43 parts of nitriciun and 57 parts of oxygen. The at. wt. of nitneum was given as 
1 2*1-1 2-7. In 1809, II. Davy also stated : The rirTomposition ami comiH)sition of 
nitrogen seem ])rovpd, and one of its elements appears to be oxygen : but what is 
the other elementary matter ? Or is it that nitrogen is a compound of hydrogen 
with a larger proportion of oxygen than exists in water ? In 1812, H. Davy agreed 
that nitrogen is an element. In 1820, J. J. Berzelius had given up nitiicum, 
and, consonant with the ideas of A. L. LavoLsier, J. Dalton, and J. L. Gay Lussac, 
he recognized that the elementary nature of nitrogen is the only hypothesis in 
accord with the definition of an element. In 1862, T. S. Hunt called nitrogen, 
Is nitrik de l^acidc azt^ux. 

A, Morren,® E. Sarasin, E. Warburg, E. Goldst<dn, and E. P. Lewis noted that on 
passing a condensed induction discharge through rarefied nitrogen, a brilliant 
yellow luminescence is obtained, and that this luininosceiice persists for a con- 
siderable time after discontinuing the discharge. K. J. Strult investigated the 
phenomenon, and showed that the gas m this condition can take part in many 

reactions which do not 
occur with ordinary 
nitrogen. An apparatus 
suitable for the pur|)ose 
is illustrated diagram- 
inatically in Fig 8. A 
current of attenuated 
nilrngen is suppo<«cd Lo 
be passing along the 
tiibi' A through which 
a jar discharge is pass- 
ing. As the nitrogen 
passes into the vessel B, 
it a])p( ars as a hilling 
cloud of brilliant yellow light.” The lumiuDUs gas was found by A. Fowler and 
R. J. Strutt to give a characteristic spectrum sliowiiig greim, yellow, and red bands 
of about equal inteiibity. According to R. J. Strutt, if the lube through which the 
gas is passing he heated at one point, the glowdisapjiears, anil il the tube beslroiigly 
heated, the glowis permanently extinguished. The intoiibit/ of the glow is increased 
by cooling in liquid air, but the glow is extinguished in the ci»lilesi pait of the vessel. 
E. Tiede and E. Domcke stated that the after-glow of the active nitrogen that had 
been passed o\er heated copper is suppressed unless oxygen has been added to the 
nitrogen. The phosphorescence of sulphur, iodine, sodium, and other bodies which 
occurs when they are heated in nitiogen, through which has been jiassed an electric 
discharge, is attributed to the presence of oxygen, and not to the nitrogen ha\ung 
been rendered active. On the other hand, A. Konig and E. Elod have shown that 
the phosphorescence will take place in nitrogen, free from every trace of oxygen, 
provided that metallic vapours, such ns those of mercury, are also excluded. The 
glow IB suppressed by the jnesence of a mere trarc of meicury vapour, sucli as 
would be derived from the pump and manometer. On admitting a little oxygen, 
this mercury is oxidized, and the glow reajipenrs, while the introduction of still more 
oxygen extinguishes it. H. B. Baker and R. J. Strutt also showed that the activa- 
tion of nitrogen is not produced by traces of oxygen because nitrogen from which 
every tiace of oxygen has been eliminated still showed the phenomenon, as did 
also the nitrogen ])repared from potassium azide. Moreover, contrary to E. Tiede 
and E. Domcke, commercial nitrogen from a cylinder remained ‘ active ” after 
having been passed over copper heated to 400° to remove any residual oxygen. 
As a further proof that “ active ” nitrogeu is a distinct modification of the clement, 
there IS the laet that it enters into combination with other substances. For example, 
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it actfl upon difieient metals, suoli as meioiiiy, to f oim nitrides ; while it deocmposes 
certain Diganic oomponnds, with the formation of hydrogen cyanide. J. Eowalsky 
also confined these observations ; he observed the same phenomena with nitrogen 
from which special precautions were taken to oliimnate every trace of oxygen. 
The orange glow of the “ active nitrogen ” was preceded by a series of minute ^ 
explosions and an intense violet fluorescence. The explosions were attributed to 
the interaction of the active nitrogen and the mercury vapour, resulting in the 
formation of an explosive mercury nitride. The presence of mercury vapour 
(derived from the pump) in the gas was proved speotroscopically— the violet light 
Eh owed the spectrum of mercury. Similar results were obtained by R. J. Strutt, 

M. Pirani and E. Lax, and F. Comte. A. G. Worthing and B. Rudy observed the 
exi'itation of the line sportrum of tungstim and nickel by activated nitrogen ; and 
B. 8, Mulliken, the excitation of the spectra of the copper halides. S. l^rrer 
ami ro-workers examined the electrical conductivity of active nitrogen ; and 

N. 11. Bieker, the luminosity. P. K. Kichlu said that the active nitrogen carries 
no free cliarge, and no charged particle of N 2 . When sodium is acted on by 
activated nitrogen, the metal is ionized. A. 0. Worthing studied the discharge of 
artivated nitrogen ; and C. Kenty and L. A. Turner, the surface layers of activated 
nitrogtm uii tunE^ten. 

The nitrogen which has boon exposed to the electric jar-discharge is very 
active chemically, and is aometimes termed activaied nitrogen. If the nitrogen 
be pure it does not become active under the influence of the jar-discharge — vule 
hupra. The presence of a trace of foreign matter — oxygen, methane, ethylene, carbon 
oxides, hydrogen sulphide, or mercury vapour — is necessary for its production ; 
and N. K. Dahr also noted that the after-glow of nitrogen is increased by the 
presence of some of these gases. According to B. J. Strutt, the amount of 
oxygen necessary to produce the greatest eilcot graduaUy increases until it reaches 
a maxinium of one part in 500, after which, the intensity of the glow decreases; 
and with 2 per cent, oxygen, the activity is destroyed. For the aetion of activated 
niirogen on oxygen, and ozone, see the fixation of mirogen by oxidat ion. Activated 
nitrogen gradually retums to normal nitrogen on standing, and very rapidly in 
the juesence of oxidized copper. According to T. M. Lowry, air that Las been 
Hubj['ct(‘d first to a silent and then to a sparking electric discharge shows the 
spectrum of nitrogen peroxide, apparently formed by the oxidation of a variety 
of nilnigerj produced und(T the i^ucnce of the discharge. After a lew seconds, 
thi^ oxidizable kind of nitrogen reverts to a form wliich can no longer be oxidized 
either by oxygen or by ozone. R. J. Strutt’s chemically active nitrogen is not 
oridized by ozone under the conditions indicated above. The spectrum, etc., of the 
nitrogen after-glow was discussed by R. Rudy, E. P. Lewis, R. J. Strutt, R. T. Birge, 
A, E. Ruark and co-workers, K. T. Compton, A. S. Levedey, R. C. Johnson and 
H. G. Jenkins, and W. H. B. Cameron. It consists of the so-called a-, jS-, and 
y-gioups— partly in the visible n-gion and partly in the ultra-violet. The grouji 
supposed to originate from a metastable N 2 mol., lies in the red, yellow, and green ; 
the other groups, oiiginating from a metastable NO molecule, are eliu^ll} in the 
ultra-violet. R. C. Johnson and H, G. Jenbns did not find any othi^r group in 
tJjc ultra-violet. P. D. Foote and co-workers studied the energy of activated 
nitrogen ; and E. J. B. Willey said that the heat of formation, —43 Cals, per mol,, 
does not agree with the assumption that active nitrogen is atomic. 

E. P. Lewis found that ortive nitrogen excites a strong green or blmsh-gieen 
phosphorescence with uranium nitrate, uranium ammonium fluoride, zinc sulphide, 
barium chloride, btmntinm chloride, cadcium chloride, and caesium chloride, whereas 
a weak effect is given by lithium chloride, sodium chloride, potassium chloride, 
sodium iodide, poLassium iodide, sodium carbonate, and strontium bromide. The 
phenomenon may be due to chemical reaction with the active nitrogen, or to the 
p^ence of free riectrons. W. Jevons observed that the vap. of aluminium chloride 
produced a solid deposit which exhibited a bright green phosphorescence, but 
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H. Krepclka obtaiiipd no phosphorescence with aluminium bromide. E. Tiede 
and A. Schlcede found that the phosphorescence is also shown by lithium fluoride, 
lithium carbonate, beryllium carbonate, beryllium oxide, barium platiiiicyanido, 
magnesium carbonate, calcium hexanitride, barium hexanitride, molybdic acid, 
toxephthalic acid, and isophthalic acid. It is noted that all these compounds 
contain nitrogen or an element of small atomic number. Sulphides and oxides 
of the second group of the periodic system show little or no effect. Ozone ran also 
indnee phosphorescence. The phenomenon is supposed by K. N. Bonhoffer and 
G. Kaminsky to be due to cheimluminesccnce, in which the decomposition of the 
activating substance furnishes the energy for luininesccncc. W. A. Bono and co- 
workers discussed the activation of nitrogen during the ex])losion of mixtures of air 
and carbon monoxide. 

R. J. Strutt observed no chemical action between activated nitrogen and oxygen, 
or hydrogen, Activakd nitrogen gives a bright blue flame with iodine vapour ; and 
a pale blup flame with sulphur. When in contact with sulphur chlorulc, yellow 
nitrogen sulphide is formed : and with carbon di wlphidc, a blue polymerized nitrogen 
8ul])hi(lc, and a ]Jol 3 rmerized caiboii mouosulphidc arc formed. Activated nitrogen 
reacts with hydrocarbons like methane, pentane, and arciykne to form hydrogen 
cyanide; when an acetylene flame is fed with a little activated nitrogen, the 
spectrum in each case shows the cyanogen bands. Solid and ]i([uid products are 
formed along with the hydrogen cyanide: 02ll2-|-2N=2JlCN. Neither A. Konig 
and A. Elod, nor E. J. B. Willey and E. K. Ruleal observed any reaction with 
methane. R. J. Strutt observed a reaction with other organic \apourfi— 
homidc, cLhyl iodide, chloroform, ethylene dichloride, or ethyhdene dichloride, carbon 
telracjiloride ; and 6c'?iccnc appears to yield cyanobenzpne — then cyanogen chloride 
is formed. Activated nitrogen reacts with nitric oxide, forming nitrogen 
peroxide in aeeord with the curious reaction; 2NO-I-N— NOo+No. The change 
is accompanied by a greenish-yellow flame resembling that produced when ozone 
reacts with nitric oxide. Activated nitrogen unites with nriliiidry pho^phnru^, 
sonic of which is simultanc’ously converted into the red form. It is ind uneominon 
to find a moss of phosphorus behaving in a similar way when this eh'inent reacts 
with another siibstarice. Activated nilrigen n-aets with ar,S(’/n’c ileveloping at the 
same time a faint green flame. Hie active iiilmccn uniles with the vapour of 
mfrcvry, sodium, cadyniinn, nr zinc, forming iiitrid<«b, whirh, w’lieii Ireatcil with 
alkali lye or water, furnish aminunia. The jirnrluct with niorciiry is (*.Kijlo.Hive. 
White deposits containing combnicil nitrogen arf furniPil when activated nitrogen 
reacts with stannic chloride or titanic chloride. In agreement with tlieir hypothesis 
on the nature of active nitrogen — vide iiif/a—K, J. B. Wilhy and E. K, Ridcal 
found that chemical n'action with active nitriigeii and ofcht r gases occurs only 
when the second gas has a critical increment below n5,()iX) to (itt.OtMi cals, jier mol. 
Thus no reaction occurs with hydrogen (heat of ilnsociation, 7o,(X)f)-8ll (KXt cals, 
per mid) ; oxygtm ; carbon monoxide ; methene cals. f(tr the U — If-linkage); 

nitrous oxide (60,030 cals, per mol); and hydri>gi‘n rlilonde ([KJ,tX)0 cals, per 
mol). Reaction occurs with ammonia; nitric oxide to^^ooo cals, pr mol); 
hydrogen bromide (50,000 cals, per mol) ; liydrogm iodide (15,700 cals, per mol) ; 
the action with iodine (31,r5U(J cals, per mol) is very marked , less so with bromine 
(46,li00 cals, per mol) ; and still less so with chlorine (O'), 000 cals.). 

R. J. Strutt suggested as a trial hyjK)thesis that activated nitrogen is nitrogen 
in the atomic condition, although its chemical relationship to nrrlinary nitrogen 
resembles that between ordinary oxygen and ozone. Its proiluetion by the dis- 
charge ; N 2 # 2 N is a reversible reaction which attains a certain limit which is 
lowered if the conditiuns be less favourable. Thus, the gas should be at a low press., 
say a few mm. of mercury, since the collision of atomic witli ordinary nitrogen mols. 
appears to destroy the activity ; an imcondenscd discharge, without the jar, or a 
Steady high tension continuous current also destroy the activity. In support of 
this hypothesis there is also the anomalous behaviour of the after-glow in being 
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BOBtained hj Seating, and destroyed by cooling— supra ; and E. von Angeier's. 
and K T. 1>. Willey and E. E* Rideal's obsetvatioim that the reaction is bimole- 
cxJaT» {or the rate at which the Ituninosity of active nitrogen disappears follows the 
biiDolecalai rule. The duration of the after-glow is about 30 seconds. At first, the 
glow is orange-yellow, and slowly chang^ to greenish-yellow. M. Duffienz favoured 
a second hypothesis, vis., that the activation of nitrogin is produced by ionized 
atoms. Ho paid that if the first positive group of nitrogen bands is ascribed to a 
diatomic mol. of mass 28, tho second positive group (which predominates in the 
discharge on activation of nitrogon) and the negative group are due to the atom 
of mass 14 rather than to a metastable diatomic mol. In the conditions attending 
the emission of tlio two groups of bands, nitrogen atoms are present which are 
more likely to emit a band bpectrum than none at all ; the line spectrum attributed 
to the nitrogen atom is piobably due to an ionized atom. 

There is the third hypothesis that the activity is produced by unstable molecules. 
N. L. Dhar supposed that activated nitrogen is produced by the charging of the 
molecule to a certain potential by the electrical discharge, and that the activity is 
roiirlitioncd by tlie ease with which the molecules can give up their charge of energy. 
Tho luminoBcence is produced when the charge of energy is given up in the passage 
from the active to the inactive form. M. N. Saha and N. K. Sur inferred that active 
nitrogen consisis of metastable N 2 -mola. loaded with ennrgy equivalent to 8*6 volts, 
because the spectrum of active nitrogen shows only those positive nitrogen bands 
attribated to non-ionized N 2 -mo]., and none of the line spectrum of nitrogen, 
or even the negative bands supposedly due to N 2 ^ . The excitation of the spectra 
of other mat«*nals by active nitrogen is due to the transference of the energy of the 
nidastablc state to the atoms of the other substances. In accordance with this 
view, no lines requiring more than 8*5 volts for their excitation are developed. 
Hydrogen and the inert gases have no influence on active nitrogen except a 
mere dilution of the glow. This is in aceordance with the fact that the minimum 
excitation potential of these gases is much higher than the maximum energy which 
can be transferred by active nitrogen. This view is supported by E. J. Strutt’s 
observation that nitrogen is activated to some extent by excited bclium (19*3 volts). 
E. J. B. Willey and E. K. Rideal added that the argument is weakened by consider- 
ing the effects of chemilnmincseence since the Ijpata of fonnation of the nitrides of 
magnesium, ealoiiim, and barium arc rch])eclivcly of the order of 130,000, 112,000, 
and 1 D9,000 cals, per mol. If the foriuation of magnesium nitride occurred tlirough 
interaction between a metastable mol. of nilrugen with an energy of excitation of 
2-3 volts and inactive magnesium, then the total energy liberated in combination, 
if expelled as monochromatic radiation, would be of the order of 8*6 volts. Tho 
]jassage of warm nitrogen over finely-divided niaguesiuin does in fact produce 
fhcmiluminescence, a phenomenon more readily observed in the case of lithium. 
In addition, excited mercury atoms (4*9 volts) ro.adily excite molecular hydrogen, 
whereas active nitrogen fails to do bO. In support of the hvpothesis that active 
nitrogen is nitrogen m a metastable, molecular form, R. J. Strutt found that the 
energy content of active nitrogen is approximately 1*3 -1*8 times that of nitrio 
oxide— namely, 20,000-39,000 cals, per mol, while I. Langmuir, and A. Eucken 
have shown that tho heat of dissociation of nitrogen into atoms is greater than 
190,000 cals, and probably of the order of 300,000 or 400,000 cals, per mol. The 
destruction of the after-glow by a second weak discharge observed by R, J. Strutt 
also suggests the deactivation of metastable mols. by electrons. A. Fowler and 
R. J. Strutt’s observations (i) that no after-glow occurs when the discharge is such 
as to give only the line spectrum when nitrogen atoms ore definitely present, and 
(11) the absence of lines in tho after-glow spectrum which would indicate the presenoo 
of atoms are not in agreement with the atomic hypotliesis of activation, ^though 
M. Duffipox and others have shown that free atoms may give rise to band spectra. 
R* T. Bilge favours the atomic hypothesis, but was formerly of the opinion that 
the a-bauds of the after-glow spectra at least are due to metastable nitrogen mols. 
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at an energy level of 11*5 volts (9-3 volts elec1at>nio and 2-2 osoillatory), and that 
the J3- and probably the y-bands also are due to the presence of small traces of 
ozygenj perhaps in the form of excited nitric oxide— a view supported by the 
experiments of R. J. Strutt, and R. S. Mullikcn. E. J. B. Willey and E. E. Kideal 
cit^ the above arguments, and showed that while the aiomio hypothesis requires 
that the activation of nitrogen requires energy of the order of 300,000 cals, per mol 
activated nitrogen has a much smaller energy content, and they favour the 
hypothesis that active nitrogen consists of mctastahle molecules excited to a level 
of about 2-0 volts (43,800-41,000 cals.), a value comparable with the " oseillatory ” 
energy of 2*2 volts (50,400 cols.) postulated by R. T. Birgo. This relatively low 
energy content of active nitrogen is said to be consonant with the chemical re- 
activity of the gas, and may provide an cxplaiuition for tlic excitation of iiilrogcn 
in low voltage arcs observed by 0. S. Duilcndack and K. T. Compton. R. 0. John- 
son considers that the argument that activated nitrogen consists of metastablc 
molecules with an energv about 42,500 cah. pcT mol, is not readily reconciled 
with speetroseupic data for the formation and doconiposition of a quasi-stahle 
molecule — e.ff. N 2 I 2 ’ c^nnnot account for the excitation of the 5061-iodine line, and 
activated nitric oxide molecules cannot account for the spetra which active 
nitrogen can excite. He therefore prefers the atomic hypothesis. 

M. Trautz argued that the dominant constituent of artivated nitrogen is tri- 
atomic nitrogen, nitrozone, or tziAZOnOf Ng, probably with an open chain structure, 
because nitrides, not azides, arc formed — vide iff/ra, mercuric nitride*. On cooling, 
triatomic nitrogen reacts with monatomic nitrogen, forming ordinary nilrogen, 
Ng ; and on heating, triatomic nitrogen forms monatomic and hexatomic nitrogen, 
N|, which is present in the gas in very small quantities at low temp. The failure 
of all attempts to condense any form of active nitrogen led 11. J. Strutt to conclude 
that the formation of triazono is not the cause of the activity. Ozone, can be con- 
densed from ozonized oxygen, but not nitrozone from activat(*d nitrogen. However, 
J. J. Thomson's positive ray analysis (4. 25, 9) did reveal the presence of Hg-mols. 
when the gas is bombarded by anode rays. An active modification of nitrogen, 
possibly Ng, different from R. J. Strutt's form, was reprted by F. L. Usher and 
B Venkateswaran to be formed during the electrolysis of soln. of sodium azide, 
and a similar form, stated to attack mercury, was said by A. W. Browuc ami 
6. E. F. Lundell to be evolved at the anofle during the electrolysis of soln. of 
potassium azide in hydrazoic acid at —78*^. F. Tl. Newman foiuid that the a-rays 
from polonium convert nitrogen into an active form thought to be a mixture of 
neutral atoms and triatomic mols. If tlie gas be in the presenie of sodium, 
potassium, phosphorus, sulphur, iodine, magnesium, arseuic, mercury, or a soduim- 
potassium alloy, some gas is absorbed and in some cases nitrides are formed. 
G. L. Wendb considered that the failure of the test for nitrides with sulphur, 
phosphorus, and iodine is not evidence of the absence of chemical reaction, 
A. Eucken’s allotropic a- and jS-Ionns of nitrogen have been discussed in con- 
nection with the sp. ht. of nitrogen. 
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§ 10. The Valency of Nitrogen 

F. A. Kokuli 1 argued that nitrogen is tervalent because in the simplest hydride 
of nitrogen— ammouia, NUg— the nitrogen atom behoves as if it were tervalent ; 
be believed tliat in aminouium chloride, NH4UI, the nitrogen atom is still tervalent 
if it be assumed that this salt is what he called a mol. compound. This hypothesis 
was supported by the vapour density observations of H. St. C. Deville and L. Troost, 
K. von Thau, and L. von Pebal, in which the molerule was apparently dissociated : 
NH4C1'^HC1+NH3. On the other hand, H. B, Baker, and F. M. G. Johnson 
found that, if thoroughly dried, ammonium chloride can be vaporized without 
dissociation occurring at all ( 2 . 20, 16 ). This is in agreement with the quin- 
quevaleucy of nitrogen. GraphicaUy 


H^N< 


H 

Cl 


The same argument, however, would make the nitrogen atom septavalent in 
R. Abegg and A. Hamburger’s NH4I3, and nonavolent in C. Weltzien’s 
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la tibese cascB, however, it is assnmed that the halogen may have a greater valency 
than unity, ao that the nitrogen atom still remains quinquevalent : 

n'' 

This subject has been discussed by B. Bathke, A. Walter, F. W. Hinrichsen, 
J. C. Cain, etc. — vide infra, ammonium theory. V. Meyer and M. T. Lccco 
applied an ingenious experiment to test whether nitrogen bo ter- or quinqucvalent 
in the ammonium salts. It is agreed that it is tcrvalent in ammonia, NII3. Then, 
like nmmonia, (i) the alkyl amines combine directly witli acids to form compOTinds 
resembling the ammonium salts, c.g. trimethyl amine unites directly with hydrogen 
chloride to form trimethylammonium chloride: N(CH3)3-( HCl-NH(CJl3)3Cl ; 
and (ii) the amines combine with methyl or etli}d iodides, uto., to form 
conesponding compounds. E,n, trinietliylainine unites with ethyl iodide : 
N(CH8)3+C2H6l— N(CIl3)3C2n5l. The pT0j)ertie8 of the compound N(()H3)3C2Tr5l 
formed by the union of N(CH3)3 tyfsl ore identical with the compound 
N(CH3)2C2H5.CU3l formed by the union of N (1113)202115 with OH3I. Consequently, 
it is inferred that the two compounds must have the same constitution ; and 
that the ammoniom salts cannot be molecular compounds as postulated 
by F. A. Kekuld, and that the nitegen in ammonium compounds is not 
tervident bnt rather quinquevalent. The argument is not quite sound, because^ 
as W. Lessen showed, it is possible that the groups are rearranged during the 
fonnaiion of the compounds by the difierent proce.sses, so that the most sUble 
configuration is always formed ; and one final produet is obtained by the two 
different reactions. That the question is not definitidy closed is illustrated by 
A. Werner’s hyjwlhi^sis for ammonium chloride H3N . . . HIT, where the dotted 
line denotes an auxiliary \alf'i\re with the nitrogen quadrivalent. There is nothing 
to show that one of the four hydrogen atoms of this salt is oriented differently from 
the other three. It will be observed that with quinqucvalent nitrogen there is always 
at least one I’alency occupied by a group different from the others. According to 
W. Vaiibcl, and A. Laclimann, no compound is known with all five vahmcics occujded 
by similar radicles. When oxygen exerts its higher \ alencii «», an analogous observa- 
tion has been made with respect to it. Hence, it is assumed by I<. fipiegel that 
after the three chief \aInncieH of nitrogen are saturated, say with hydrogen, the 
remaining pair involve the separation of jiositive and negative charges, an hypothesis 
which can be formulalfid, 0— NILj— Q:- 

The three valencies of tcrvalent nitrogen arc supposi'd to lie in one plane since 
attempts by V. Meyer, A. Ijadcnburg, E. Fischer, II. Behrend and E. Kunig, 
F. Eraflt. A. Kcychler, F. S Kqiping and A. II. Kalvray, and il. U. Jones and 
J. P. Millington to jirejiare optically active dorivdtives have not been suceessful. 
On the other hand, J. A. le Bel, W. J. Pope and ro-workers, M. B. ThoniiLS and 
H, 0 . Jones, F. W. Frohlicli, E. Wedekind, and H. 0 . Jones have reported optically 
active derivatives of quinquevalent mtrngen — eg, leovo- and dextro- a-bcnzoyl- 
phenylallylmcthylammonium iodide; other examples are given by M. Scholtz. 
This is taken to mean that the fourth and fifth valencies of nitrogen are in a piano 
different from the other three. The experiment of V. Meyer and M. T. Leoco, 
cited above, is also taken to demonstrate the equivalency of the four valencies of 
quinquevalent nitrogen to which the alkyl grou])S arc attached — subject, of course, 
to the limitation indicated by W. Losscu, Some of the alleged isomers are possibly 
simple cases of dimorphism. 8. B. Schryver isolated two platinum salts of methyl- 
diethyl-isoamyl-ammonium clilonde ; and A. Ladenburg obtained two difloront 
triethylbenxylammonium iodides. The one salt is produced by the action of 
benxyl chloride on tricthylamine followed by ircatmeiit with iodine ; this compound 
readily parts with benzyl iodide when treated with hydriodic acid, and is supposed 


CH- 


»/' 


.1—1 

■I— i' 


CH, 
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to be constituted (C2 Hb)3Ns=I(C|G|.CH 2). The other salt is formed b7 treating 
diethylbenzylamine with ethjl iotUde ; it does not Afield benzyl iodide when treated 
with hydriodic acid ; and it is supposed to be constituted : 

A spatial or tliree-dinjonsional formula for nitrogen, analogous to the carbon tetra- 
hedron, is not possible because there is no Ryniinetrical solid figure with fiivo comers. 
Uonre it was assumed that certain valencios of the nitrogiui atom are directed in 
special direelions. Thus wore obtained J. IL van’t Ifofi’s cubic or tetrahedral 
formula, C. Willgerodt’s double tetrahedron, U. A. BischoH's square pyramid, and 
the mollifications suggnsted by W. Vaubel, and A. von Baeyer. The tetrahedral 
and the pyramidal or square formula* can be graphically sjuibolized : 



Fio. D. — Tolraliedroii roniiula, Kio. 1 0 — P j rtimidal Fnnnula. 

J. C. Cain s idea is that the group HhN— C l— acts at the centre of a tetrahedron 
like the group ^C— . J. IL van't II off assumed that three of the five valencies 
ujc alike, while llie other tw’o are diilorent ber«iiibc they are arrive only in special 
Cfises. ilc iiiuitfineii tlie nitrogen as being inside a cube with its valencies directed 
towards fi\e of thesr* innicrH. By suitably selecting the position of the point 
rejnesenliug the nitrogen iitoiii, ihn^e of the vaboicies may be made equal in value, 
and the remaining two ditterent from ihemselves and from the others. Analogous 
modes of represenlalion w^ere employed by A. liidial, R. Behrend, 0 . J. Burch and 
J. E. Marsh, and i\ Willgerodt. According to IL 0 . Jones, if one of the two 
valencit\s of tlie iiifrogeii atoms were prerlebtiiied, so to speak, fur an alkyl group, and 
the other for a negative radicle, then only one of the two optical isomers could be 
jiroduced; but expeiieuce sliuw^s that the a- and jB-Iorms are produced in equal 
pTOi>ortiona. lienee, it is asMiincd that while the three valmicies uf tervalent 
nitrogen may lie in one jdane, the evocation of two more valeiieit'S produces a 
definite rearrangement wliereliy tw'o coinpoumls may be formed related to one 
another in form as object and its mirror image. 

The X-radiogram of ammonium chloride by R. W. (L Wyckoff shows that the 
ammonium radicle persists as an independent entity in the crystalline state, for 
the crystals of that salt consist of aggn^gates of alternating ammonium and 
chloride radicles. H. 0 . Jones and J. G. M. Dunlop favoured the pyramidal 
formula ; but W. H. Mills and E. II. Warren obtained salts of the typo : 



which are capable of being resolved into optical isomeridcs. This is taken to be 
in harmony with the tetrahedral hut not with the pyramidal hypothesis. The 
stereochemistry of the four radicles of the ammonium ion were thought by 
A. Werner to be identical with those of methane ; and the optically active methyl- 
ethyl aniline oxide of J, Mciscuheimer can be represented as a quadri-covalent 
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Gompound without embanassment with respect to the semi-polai double-bonded 
oxygen: 


QiH 

CiH. 



A. Hantzach and A. Wemei^ assumed that in certain compounds the third 
valency of the tervalent nitrogen atoms docs not necessarily lie in the same plane 
as the other two. This hypothesis, that the throe bonds of a doubly-bound 
atom of nitro^n in the oximes and related compounds are not Co-planar^ was 
strengthened by the work of W. H. Mills and A. M. Bain, and W. H. Mills and 
H. Schindler. T. M. Lowry said that whatever opinion is held as to the asymmetry 
of the trisubstitutod ammonia from which it is rlerivod, tlic nitrogen alojii of the 
pyrrolidine ring of the nicotinium ion must be regarded as asymniDtiie, a deduction 
which receives BU{)|K)rt from the fact that nicotine aeetato has +1^'^’^° wlulst 
nicotine has [a]i>=— 169®. The anomaly is not observed in eases where the forma- 
tion of a salt IS unaccompanied by fundamental change in the ehoraeti'r of the 
asymmetrie system. A E. Uspensky discussed the spatial distribution of the 
valency directions of tervalent nitrogen. In certain compounds, the three valencies 
of the nitrogen atom act towards the rorners of a, not necessarily regular, tetr.i- 
hedron, in whose fourth comer, the nitrogen atom is itself utiiated. This may 
give three cases of isomerism : 


I 

H.aCoH* ^ H.C.C.H, 
II and II 

N— OU HO-N; 


NX 

11 

N.X 

x.N.y 

m 

X.N.Y 

X.Y 

and 

1 9 

T.N 

or 

U.N.55 

ami 

Z.N.U 


The hyi^othesis was discussed by K. Auwers and V. Meyer, U. (Joldschmidt, 
E, Miillcr, A. Ilantz&ch, E. Becknaann, etc. In order to distinguibh between thes»' 
isomeric forms of, say, the benzaldoximcs, A. Hantzseh employs the term syn 
as a prefix to indicate that the hydroxyl group lies on the same sitle of the mol. 
as the hydrogen atom of the aldehyde, and anti when the hydrogen and hydroxyl 
lie on opposite sides of the mol. The same nomenclature Ls applied to other 
compounds, e.q, the potassium benzoylphcnjldia/otates, ctr. Thus : 


n 

N— OH 

^irn-aldoxime 


C,H 3 .C.H H-N Rr-N 

and II ; n ani ii 

HO— N KO-N N-OK 

^fdi-aldoximp *S{/q-dlazcilBre ^nO-dlazotate 


This subject is dihcussed in sptMsial inoinoirs : K. Wodokind, Entmclching t/rr 
Siereorhemie dr/i funjwcrligen imUtzUnJakrz^hUf Stultg.irt, 1909 , WrriDc^EWjr, 

Leipzig, 1904 ; J. H. van't Hoff, The ArrangfmrrU of Atu7M i?i ^Spa(^\ London, 1898 ; La 
tSixm? dans Vnpave, Rotterdam, 1875; Oxford, 1891 ; A. W. iSlownrt, i^i\rrochem\httih 
London, 1919 ; J. N. Friend, The Throry of Valrncy, l^indori, 1915 ; 11. Kanfmaiin, I)i( 
Valrnzlehre, Stuttgart, 1911; A, Kiloart, A Quide to iStmochmustnjt Now York, 1893; 
C. A. Rischofi and P. Waldoii, Haiidbuch der Stcnochemie^ Frankfurt, 1K94 ; C. A. Ilisrhofi, 
Matenairn drr 6'tereochemief Biaunschweig, 1904 ; L. Manilock, iSVf rrr)r/ie«uc , Leipzig, 1907; 
P. Freundlor, La SUrhehimu, Pans, ; P. BruyJunts, La valfncr chmiqut, I^uvain, 
1912; K. Auwers, Die EntvnMung der Etertoehimet iloidolbsig, 1890 ; W. Moyorhofier, 
Stereorhemief Leipzig, 1892 ; E. G. Mond, SUriorhimic, Pans, 1895 ; A. Hantzsrh, Omndnss 
drr Stereochemie, Broalau, 1893; W. van Ryn, Die Stpreorhvmu, dtr Stkkmoffe, Zurich, 
1897 ; W. Vaubel, StereocfiBmische Forachvngen, Munehen, 1899. 

According to R. Abegg’s theory 3 of co-valency (4. 27, 3), nitrogen ha.<i three 
negative and five positive valencies. The positive valencies are illustrated by the 
oxides and halides ; whereas in ammonia, the three negative valencies of nitrogen 
are saturated. In ammonium chloride, the positive and negative valencies are 
represented by the scheme : 
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The attachment of the fourth hydrogen atom by a weak positiye or oontia-Tolency 
ia supposed to explain the ready dissociation of that salt on heating. J. N. Friend, 
and F. Wenzel have described a modification ol this hypothesis. F. Wenzel 
atlnin})ted to account for the behaviour of nitrogen compounds on the assumption 
lhat the valencies of nitrogen arc divisible into two distinct groups, one of which 
includes two and the other three valendes which are equal in all respects. When 
quinquevalent nitrogen is transformed into tervalent nitrogen there is a loss of one 
valency from each grnuj». This change is supposed to result in the formation of 
an intra-atomic double linking connecting dissimilar nuclei. In support of this 
theory attention is directed to the similarity between the amines and ethylene 
rlerivativcs in respect of their capacity to form additive compounds. F. Wenzel 
said that there is no satisfactory evidence to support the view that four of the 
nitrogen valencies bear the same relation to the fifth. Whilst certain chemical 
observations suggest that there arc two pairs ol valencies which ore identical in 
velatioii to tlie fifth valency, physico-chemical data indicate that there are three 
vuinnrics which arc identical with regard to the fifth valency. From this it is 
inferred that the fifth valency does not always represent one and the same valency 
unit. Jl. Dc, and J. Picard and J. H. Uardel discussed the valency of nitrogen 
from the point of view of the co-ordination theory. The electronic structure of 
aminoiiia, and animoniuni chloride can be represented : 

and this fits in with the liypothesis of A. Werner and with that of J. II. vau’t Hofi 
-tide Jiamol}', 1 liat the four posUioc radicles of the amnumium salts ate tetra- 

hedrally disposed. A. A. Blanchard added that nitrogen can have but eight aud 
hydrogen but two electruiis in its valency shell although phosphorus may have 
more tlian eight. D(>finiug the non-polar valency as the number of pairs held in 
commim with other atoms, nitrogen can have a maximum non-polar valency of four. 
The poUr valcucy may bo regarded as plus five if we define it as the net charge of 
the nitrogen kernel, nr as minus three if we define it os the charge of the nitrogen 
atom and consider the eight elcctroim of the shell as a part of the atom. The 
subject was discussed by J. H. W. Booth, and E. Miillcr. 

Til nitric oxide, the nitrogen atom behaves as if it were bivalent or quadrivdlent, 
Tlie latter is assumed because the mols. of nitric oxide, NO, do not associate at temp, 
as low as -< 100 °. If association did occur, it would be attributed to the activity 
of either the oxygon, N— 0-0=N, or the nitrogen, 0 =-N=N= 0 . The 
unsaturabed nature of the nitric oxide mol. is shown by its immediate formation of 
nitrogen peroxide, N2O4, in the presence of free oxygen. The rupture of the 
oxygen mol. during this reaction is shown by the fact that when heated, the nitrogen 
peroxide does not dissociate into nitric oxide and oxygon, but into single mols. : 
N204^2N02. F. Raschig’s ^ idea that potassium peroxylamincsulphonic acid, 
(K0.S02)2— N= 0 , contains quadrivalent nitrogen was questioned by T. llaga, 
who doubled the formula so as to furnish (K0.802)2=N- 0— 0— N (^0.802)2. 
0, PUoLy and B. Schwerin stated that the porphyiexine which they prepared 
contained quadrivalent nitrogen, say : 

(CHa)2«CUN=0 

NHa-C-NH 

N---C 

but the hypothesis has not been confirmed. F. H. Banfield and J. Kenyon pre- 
pared oxidation products of a substituted hydroxylamine which they supposed 
to contain quadrivalent nitrogen: R2=N— 0H->ll2— N— 0 ; but T. M. Lowiy 
Bhowed that the reaction can be explained by assuming the nitrogen tervalent 
throughout, C. W. Blomstrand, F. Barker, and A. P. Mathews also put forward 


H 

H:NiH 


II. W:H 
If 
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the hypothoaia that nitrogen can act aa a univaUni element. There ia no eatis- 
{acloiy evidence to enppoit tbia ayaanmptiQn. 
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§ 11. The Atomic Weight ol Nitrogen 

According to H. E. Roscoe and A. llunluuy^ J. Dalton first deduced the value 
4 for the weight of nitrogen from an old analysis of ammonia by W. Austin, 
and later from the analysis of ammonia by C. L. Bcrtbullot, and of nitrogen oxide 
by H. Davy ; he gave 5 for the at. wt. of nitrogen. In 1811, J. J. Berzelius analyzed 
ammonium chloride and obtained 14'22-14‘66 for the at. wt. of nitrogen. In 1820, 
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j, J. Bdrzeliiu and F. L. Dulong showed that the vap. density of nitrogen gas is in 
aneement with the views of L. Omelin, YT. Front, J. J, Q. Meinecke, who gave 
Uioi the at. wt. of nitrogen. L. Omeiin obtained 14'QB bom the ratio Ag : AglSO^ ; 
F. Penny, 13-9&-13‘99 ; 3. 0. G. do MarignaOi 13-99-14*005; J. B. Btas, 14*00- 
14-049; W. L. Hardin, 14*016-14*037 ; and T. W. Bichard i and 0. S. Forbes, 
]4-008-U'031 with Ag— 107*880-107-92. J. C. 0. de Marignac obtained 13*98 
bom the ratio Ag ; NU4CI ; J. Polonze, 13*96 ; J. 8. Stas, 14*014-14*027 ; and 
A. Srott, 14*007-14*111. J. S. Stas obtained 14*042-14-045 from the ratio 
Ag : NH^Br ; and A. Scott, 14*005-14*011. E. Turner obtained 14*01-14*03 from 
the ratio AgNOg : AgCl, and F. Penny, 14*01-11*025. A. Scott obtained 14*014- 
14-017 from the ratio NII4CI : AgCl. J. C. G. de Marignac calculated 14*07-14*08 
bom the ratio KCl : AgNOa ; and J. S. Stas, 14-05-14-06 ■ J. 8. Stas obtained 
14-003-14*006 bom the ratio AgN03:NH4Cl. G. Doan calculated 14*02-14*03 
bom the ratio Or:AgO/. L. F. Svanbuig calculati*d 13*91 bom the ratio 
Pb(N03)2 : PbO. F. Penny obtained 14*05 from the ratio KCl : KNO3 ; J. 8. Stas, 
14*04-1 4*05 ; and J. G. Hibbs, 1 4*03 -14-04. F. Penny obtained 14-02-14*03 bom 
the ratio NaCl : NaNOg ; J, S. Stas, 14-04-14*05 ; and J. G. llibbg, 14-010-14*022. 

F. Fenny obtained 14-02 bom the ratio KClOg : KNO3, and 14*05 from the ratio 
NaQOs : NaNOg. J. Thomsen obtained 14 024-1 4-028 bom the ratio NH3 : HCl ; 
and T. W. Bichards and E. U. Archibald, 13*992-14*003 bom the ratio 2KNO3 ■ 

and 14*004-14*018 from the ratio 2CsN03:Cb20. From the gas analyses of 
y, A. Guye and co-workers, th(‘y calculated 14*007 from the ratio NgO : 0, and 
14 010 from tlie ratio Ng : 0 ; A. Jaquerod and 8. Bogdan, 14*015 bom the ratio 
NjjO : N2 ; and It. W. Gray, 14-009-14*011 bom the ratio NO : N, and 14*009 bom 
the ratio N ; 0. 

From the density determiuatioTis of A. Leduo, D. Berihelot, P. A. Guye and 
L. Frulorich, Lord Rayleigh, A. laqiicrod and F. L. Perrot, and R. W. Gray, the 
value 14*009 is derived bom the ratio NgiOg fur the at. wt. of nitrogen; 
D Berihelot, Lord Rayleigh, A. Lrduc, and P. A. 6uy«\ 14-006 bom the ratio 
N2 : CO ; A. Leduc, Lord Rayleigh, and P. A. Guye and A. Pintza, 14*007 bom the 
ratio NgO : CO2 ; P. A. Guye, and P. A. Guye and A. Pintza, Lord Rayleigh, and 
A. Leiluc, 14*006 bom the ratio NgO : O2 ; A. Jaquerod and 0. Scheiier, P, A. Guye, 
and U. W. Gray, 14*008 from the ratio NO : Og ; P. A. Guye and A. Pintza, and 
E, P. Ferman and J. 11. Davies, 14*010 bum the ratio NH3 : Ug ; H. V. Regnault 
obtaiiipd 14-056, II unity; and M. Vezes. 14-040, oxygen 16. By the method of 
liiniliTig densities, D. Berthelot obtained 14*007 bom Ng. 13*997 bom NgO, hydrogen 
1-0077. A. Leduo obtained 14*008 by the method of corresponding voL ; 
T. Bateiecas, 11-(XJ5; G. P. Baxter and II. W. Starkweather, 14*007; and 

G. M. Maverii’k, 13*996 bom compresbibility data; and P. A. Guye, 14*007, 
by the method of critical constants. By considering all the data, F. W. Clarke 
derived 14*0101, oxygen 1C; G. D. llmrich-i, 1410-001, oxygen 16; B. Braimcr, 
14-010; J. D. van der J*laats, 14-0421; W. Ostwald, 14-0410; and E. Mole.s 
and J. M. Clavera, 14-008. The International Table of Atomic Weights (1924) 
gave 14*01 for the at. wt. of nitrogen — oxygon 1 6. 

The atomic number of iiitrogeu is 7. F. W. Aston ^ found no isotopeSf 
there being only one form of atom of moss 14 ; J. L. Costa obtained a value greater 
than 14 and less than 14-008 ; E. Rutheiford und J. Chadwick reported that 
they had succeeded in the disintegratioQ of the nitrogen atom. They bombarded 
nitrogen gas with a-particlcs derived bom radium-C, and obtain^ long-range 
particles of hydrogen nuclei which are assumed to have been knocked away bom 
the nitrogen atoms during the collision. About one impact of the a-particles with 
the nitrogen atom out of twelve succeeds in breaking up the atom. The subject 
ww difleuBsed by E. Clialfin, G. Kirsch and II, Pettersson, R. W, Millar, G. Kirsch, 
W. Lena, V. KondratjefE, TL. T. Wolfi, P. S. M. Blackett, W. D. Harkins and 
H- A, Shadduck, and A. Sn^ekal. For the transmutation of nitrogen into helium, 
hydrogen, and neon, by R. W. Riding and E. C. 0. Baly, vide 7. 48, 6. A. L. Foley 
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studied the effect on the spectra of the exposure of nitrogenj confined in sealed glass 
tubes, to ultra-violet light, and to the X-rays, but with no definite results. 

According N. Bohr, the electronic Stmctoie ol the atom of nitrogen is as 
follows : There aro two electrons in the first ring about the central nucleus or 
proton, four in the second, and one in the third or outer ring : (2) (4, 1). From the 
general similarity in the physical pmpertios of carbon monoxide and nitrogen, 

I. Langmuir inferred that there is a resemblance in the electronic structure of the 
two mols. (4. 27, 4). P. D. Foote suggested that the presence of occluded nitrogen 
in nraninite shows that the atom of uranium possibly contains nitrogen nuclei. 

II. G. Grimm and A. Sommerfeld, F. F. Worley, W. A. Wahl, H. Nagaoka, 
I. S. Bowen and R. A. Millikan, J. C. McLennan and co-workcrs, F. M. S. Blackett, 
R. A, Birge, 3. II. Jones, 1. Woodward, J. R. Partington, A. 0. Itankine, 
K. R. Ramanathan, 0. Kirsch, H. Collins, II. Burgartli, A. AV. C. Menzics, 
H. Lessbpim and R. Samuel, E. C. Stoner, G. P. Thomson and R. G. J. Frazer, 
C. D. Niven, M. L. Huggins, etc., studied the electronic structure. 
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§ 12. The Nitrides 

The metalfl lithium, magnesium, boron, and aluminium form a mixture of oxides 
and nitrides when oxidized in air ; and the elements lithium, calcium, strontium, 
harium, magnesium, boron, aluminium, the rare earth metals, silicon, titanium, 
zirconium, cerium, thorium, vanadium, columbium, tantalum, chromium, uranium, 
and manganese form nitrides when heated in an atm. of nitrogen. Instead of the 
metal, tlie amalgam can be uSed as with Ca, Ba, and Mu ; a mixture of the metal 
oxide and carbnn^B, Al, Si, and Mg ; a mixture of the metal oxide and carbon— 
Bi. Si, Ti. Mg, and V ; a mixture of the metal oxide and magnesium or aluminium 
- C‘e, La, Nd, Pr, and U ; the metal carbide — ^Ba, Sr, and Ca (cyanides may be 
formed) ; or the metal hydride — Bi, Si, Ti, Ca, Ba, Sr, Mg, and V, Nitrides have 
also been made by the action of activated nitrogen on the metal. The nitrides 
can also be produced by heating many metals in ammonia— K, Cu, Ba. Mg, Zn, Cd, 
C, Al, Ti, Th, Cr, Mo, Mn, Fe, Co, and Ni. Instead of the metal, the amalgam 
can be used— Fe and Mn ; the metal oxide— Cu, Hg, B, Ti, and Cb ; the metal 
carbide — Th ; the metal chloride — Si, Ti, Zr, Th, Cr, Mo, W, U, Cb, Ta, V, and 
Fe ; the metal bromide or iodide — Bi, and Fe ; and the metal nitrate— Gn (and 
licpiid ammonia). The nitrides are also produced by heating the metal and calcium 
carbide in air— Zn, Al, and Fe ; the metal and aluminium in air— Zi ; the metal 
and lime in air — ^AI ; the metal and soda or carbon in air — ^A1 ; the metal oxide 
and carbon in air — ^Ti, and B ; the metal oxide and magnesium in air — Ca, Sr, 
Ba, Al, and Zr ; the metal and nitrogen trioxide — ^Bi. The nitrides may also be 
formed by the decomposition of an amide or imidc — K, Ba, Cu, Cd, Zn, and B ; 
by the action of cyanides or by heating the metal in cyanogen ; ^ and by double 
decomposition with other nitrides— copper oxide and magnesium nitride give 
eojjper nitride. 

In the nonnal nitrides, nitrogen is tervalent so that the general formula of 
the nitridoR of the univalent elements is BsN ; of the bivalent elements, BsN2 ; 
of the tervalent elements, RN ; of the quadrivalent elements, RaN4 ; and of the 
quiiiquevalent elements, K3N5. The compounds of the metals with the univalent 
radicle, Ns, bib salts of hydrazoic acid, HNs, and are called azides— vufe infra. 
The relationship of the nitrides to ammonia is shown by the evolution of ammonia 
a hen the soluble nitrides are treated with water, an acid, or alkali-lye ; or when the 
insoluble nitrides are fused with alkali hydroxide. Usually the nitride is decom- 
posed by steam giving ofi ammonia ; but in the case of cerium nitride, some hydrogen 
is simultaneously formi d. When the nitrides are oxidized, free nitro^n is evolved 
and an omde of the metal is formed. Only in the case of boron nitride is some 
nitrogen simultaneously oxidized. 

Among the alkali metals, lithium is exceptional in readily combining directly 
von, vm. H 
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with nitrogpn, but sodium, potassium, rubidium, and osssium do not form nitrides 
when heated in nitrogen under ordinary conditions, H. Deslandrcs ^ found that the 
combination with lithium ocours even at ordinary temp. L. Ouvrard prepared 
lithium nitride^ Li^N, by heating gradually to dull rodness lithium contained in an 
iron boat in a current of nitrogen. The metal becomes incandescent and the 
nitride is formed. 4. Guntz found the product so obtained was contaminated 
with 2-8 per cent, of iron, but the result was no bettor if a vessel of nickel, quartz, 
or carbon be employed ; silver, and platinum are dissolved by molten lithium. 
F. W. Vafert and R. Miklauz said that the lithium unites with pure dry nitrogen 
even at ordinary temp., forming the nitride ; the presence of relatively small pro- 
portions of oxygen or hydrogen completely proveuts the reaction so that lithium 
is not attacked by diy air at room-temp. W. Frankenburger measured the velocity 
of formation of lithium nitride from the metal and nitrogen between —55° and —30°, 
and found it to be proportional to the surface of the formed nitride —dpIdt-^KMi, 
lie also found that k=^CT^e—QIRT ; and that the increase in the velocity with temp. 
dcjMnds on the increase in the fraction, e—QIRT, of the total number of collisions 
which take jilace between the lithium surface and the No-moleculcs. This gives 
the number of collisions possessing an energy Q- 16-4 cals, per mol. At 240° K., 
this fraetion is approximately I'2xl0“i5. Xhe value for C between -55° and 
- 30° is -2*153 X 10^^ The form CT^ is equal to the number of collisions, 5 per 
Si^c. at on the surface of the lithium. The number of collisions for a gas of mol. 
vol. V is known to be {Njv)(RTl2nM)’~^ per sq. cm. per see. ; and with a surface 
50 sq. rm. ST *=1-01 This, taken in conjunction with C, shows that the 

velocity of the reaction is greater by the fraction 21 X 10® than would be the case 
if only the collisions with a heat of activation of 16-4 cals, were chemically fruitful. 
C. Urfer prepared lithium nitride by heating an amalgam to about 600° in an 
atm. of nitrogen. Lithium nitride furnishes a spongy black mass which is readily 
attacked by water, forming ammonia and lithium hydroxide. W. Frankenburger 
found that the X-radiogram shows that the crystals of lithium nilndo 
bel<)ng to the cubic system ; that the &}iaoe-latticc has a side of 5*5 A,, and 
that each cell has 4 atoms of nitrogen, and 12 atoms of lithium. K. lirill 
also examined the space lattice of litliiuin nitride, and found it to be 
analogous to that of ammonia, Mis. F. W. Uafert and K. Miklauz found that 
lithium nitride melts at 840°-845°. A. Guntz gave for the heatof solu., ISM 
Cals.; and for the heat of formation: 3Lia(>ii,i+X,;rai= = Li jNu,i,(iH '45*5 Cals. ; 
A. Guntz and F. Benoit gave 33 Cals. Lithium nitride gives the hydride when 
heated in a current of hydrogen: eg. li^-\ 3H.^ -Nllj-l-SLilI, According to 
A. Guntz, lithium nitnde reacts with a large number of the nodal chlorides, MCI, 
forming the metal nitride: Li3N-|-3MCl -MsN-f^LiCl. The thermal value of the 
reaction is usually high because lithium chloride is formed with rather a large 
evolution of heat. F. W. Dafert and R. Miklauz said that the fused nitride 
rapidly attacks iron, nickel, copper, platinum, porcelain, and other silicates. At 
870°, it will eat through any known containing vessel. It pc^notrates through 
magnebia vessels as through a filter. For the products formed by the action 
of hydrogen, vide ivfra, lithium amide anil iniide. A. Remelu observed the 
photoelectric effect with lithium nitride. L. Zehnder said that zodiom nitridd, 
NogN, is formed when metallic sodium is made the cathode for an electric discharge 
in nitrogen gas. The black jiroduct collects on the walls of the tube in the vicinity 
of the anode. When heated, the nitride is said to decompose into nitrogen and 
sodium ; and to be decomposed by water with the evolution of nitrogen, but 
G. Salet showed that the gas given off is ammonia. H. Hardtung was unsuccessful 
m an attempt to make the nitride by heating sodium at 250M00° in dry nitrogen. 
J. L, Gay Lubsac and L. J, Thunard reported that a black nitride is formed when 
Bodamide is heated, but A. W. Titherloy was unable to confirm this. F. Fischer 
and F. Schroter prepared sodium nitride mixed with free sodium, in the apparatus 
illustrated diagrammatically in Fig. 11. A glass tube, A, contains a platinum 
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cathode, fuBed into the glAss. The movable anode, C, ia made oi the metal 
whose nitride ie desired, gap between anode and cathode is regulated hj 
rotating the stopper D which is fitted with a screw-thread as showm The stopper 
is sealed by the mercury in the cup 8. The side-tubes ^ and G are used for col- 
Irctiiig the nitride formed in the lower part of the tube. Liquid nitrogen is placed 
in the lower part of an arc is established, and the vap. of the required element 
and nitrogen is raised locally to a high temp., and then 
quickly cooled by the excess of liquid surrounding the 
arc. A mixture of nitrogen with nine times its vol. of 
argon was eni]>loycd; this increases the rate of dis- 
integration of the metal electrode. The resulting black 
Hodiuni nitride when heated gives oS nitrogen with 
explosive violence ; and it dissolves in water with the 
evolution of ammonia. J. L. Gay Lussac and L. J . Thdnard 
reported potassium nitride, K3N, to be formed, as a 
greonish-blark, infusible mass, by heating potassium 
amide to redness in a closed vessel. A. W. Titherley 
was utiabit' to verify this with the amide he prepared ; but 
II. Davy confirmed J. L. Gay Lussac and L. J. Theuard’s 
uhservation, and added that a black product is formed 
at a higher leinp. It is decomposed at a high temp, 
iiiln its eleiueiits; it generally takes Are spontaneously 
111 air, burning with a dark rcsl flame. It gives oil 
nitrogen when burnt in oxygen, or when heatc*d with 
inereune oxule. It effervesces violently with water with 
till* evolution of ammonia: KjN-l Sltp^SKOH-i-NIIj. 

It unites with pliosphnnis or sulphur when heated, 
forming a highly inflaiimiable mixture, which, coming in 
coni act with water, evolves ammonia and phosphine 
or liydrogen Hulphide. F. Fischer and F. Sclirdtt*r ob- 
tained it as a blue compound by the method illustrated 
ill Kig. 11. The product rescmliled sodium nitride in Fin, 11.— Apparatus for 
it> rlieniieal pn)j)ertii*H. II. Moissun prepared raUdiaiD making Nit i idea, 
nitride, llb^N, by lieatiug rubidium liydridc in a 

cuirent of nitrogen- home rubidium amide is formed at the same time. F. Fischer 
and F. Schroter prepared rubidium nitride as a blue compound by the method 
depitl(*d in Fig, 11. II. Moissan reported codsiom nitride, GS3N, to be formed by 
tile method he eiii[)ln3uid for rubidium nitride. The alkali nitrides burn in air, and 
tiny are readily attacked by chlorine, phosphorus, and sulphur ; water decoraposca 
theiji iiudjilitatively into tlie metal hydroxide and ammonia; and dil. aciils give 
ammonia and the corresponding salt. S. Suhrmann and K. Clusius observed 
that (he m p. of ]u)ta88iuui nitride is 313'’ and its decomposition tern]). STi , 
rubidium nitride melts at 321^ and decompos(*B at 395“; cficsiuni nitride melts at 
32() and decuiiiposcs at 390® ; while sodium nitride decomposes at 275" below 
Its ni p. 

1*. L. Aslaiioglou^ found that powdcied copper heated in an atmosphere 
of nitrogen does not form a nitride ; and K. Iwase, and 1. 1. Shukofi observed 
no absurptiim of nitrogen by the metal at 1250®. G. Tamraaim, however, said 
Dint a nitride is fomicsd. K. Iwaso found nitrogen is absorbed by licjuid roppi'r. 
The observations of L. J. Thcnard, F. Bavart, C. Despretz, B. Blondlot, 
II. N. ‘Warren, C. Matignou and R. Trannny, U. H. Pfafi, (\ "NV. J. Kastner, 
W. R. Grove, J. F, Dauiell, H. Pauli, A. Rossel, and L. Arons on this subject 
have been diseusaed in comiection with the action of nitrogen and of ammonia 
on wppr (1. 21, 6). According to A. Schrot-tor, and fl. Herzer, cuprous nitride, 
^UaN, ia produced by the action of ammonia on eupric oxide at, say, 250®, 
Iw 120 hrs.: 6Cu0-l-lNIl3-.-2CuaN4-6H30+N2. The rate of fonnatiou 
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is iherefare very bIdw. If the tamp, is too higb, the metal alone ia prodnoed. 
The prodnct is contaminated with free oxide and the metal. Some occluded 
hydrogen is also present* A. Guntz and IT. Bassett recommended using copper 
oxide freed from chloride and dried at 130° ; they also said that no more than 
three grams should bo made in one operation. 6. T. Beilby and G. G. Henderson 
said that no nitride is formed unless the ammonia is present in large excess. 
J. J. Berzelius extracted cuprous oxide with a mixture of aq. ammonia and 
ammonium carbonate ; in this way A. Guntz and H. Bassett transformed a sample 
with B3'82 per cent, nitride into one with 93 per cent, nitride. These workers ako 
recommended using cuprous oxide in place of cupric oxide. Ciystallinc cuprous 
oxide acts more slowly than the precipitated oxide. They treated precipitated 
and dried cuprous oxide at 265° for two hours. They said that the reaction with 
the crystalline oxide begins at 270^ and is very rapid at 310^. The nitride begins 
to decompose very near its temp, of formation so that the product is not very 
pure. A. Smits made copper nitride by the interaction of magnesium nitride 
and copper oxide and sulphate, but the product is very impure. E. B. Maxted 
tried heating cuprous oxide or chloride with lithium nitride, but the reaction 
is so violent that the copper nitride is decomposed and copper alone is obtained. 
According to F. F. Fitzgerald, when potassamide is added to a soln. of copper 
nitrate in liquid ammonia, an olive-green precipitate is formed, which is possibly 
CuNlL or CuoNJl. When this product is dried in vacuo at 160°, it gives off 
nitrogen, but not ammonia, and forms cuprous nitride as a black, amorphous 
mass. A. C. Vournasos made cupiic nitride by heating coppw cyanide with 
ammonium nitrate : 3Cu(CN)2+12NH4N03-=>Cu3N2+6C02+14I^2+^lH20. 

Cuprous nitride is a very dark green powder which, according to A. Schrotler, is 
not decomposed by percussion or friction, but is decomposed into its elements 
when heated in air in the vicinity of 300° ; and the reaction is accompanied by a 
red glow. If it be heated in oxygen decomposition occurs below 30()°, and if in 
nitrogen, or carbon dioxide, above 300°. If the nitride is contaminated with 
cupric oxide, nitric oxide as well as nitrogen will be given off. A. Guntz and 
H. Bassett said that in carbon dioxide, the decomposition is complete at 600° ; 
and if heated too rapidly, small explosions occur. J. J. Berzelius said that the 
nitride purified by the aminoniacal soln. decomposes at a lower temp, and with 
a slight explosion. F. F. Fitzgerald found that the nitride rapidly explodes when 
heated in air ; and it is decomposed by wate.r with a considerable evolution of 
heat. According to A. Schrotter, chlorine decomposes the nitride with the evolution 
of heat, and the formation of cupric chloride — ^A. Guntz and H. Bassett said 
cuprous chloride— and nitrogen; and with hydrogen chloride, cuprous and 
ammonium chlorides are formed. J. J. Berzelius said that with dil. acids, cuprous 
salts are formed and ammonia is evolved. According to A. Guntz and H. Bassett, 
the cuprous salt is formed quantitatively; 2C^3N-|-8HCl=6C\iCl-|-2NH4C!l. 
The cone, acid dissolves the nitride rapidly, and the soln. on dilution preciijitates 
cuprous chloride. F. F. Fitzgerald found that the nitride is completely soluble in 
hydrochloric acid, forming a colourless soln. According to A. Guntz and H. Bassett, 
if a little cone, sulphuric acid be poured on copper nitride, there is an energetic 
reaGtion, copper and cuprous oxide are formed and ammonium sulphate is produced 
without a loss of nitrogen. F. F. Fitzgerald said that sulphuric acid converts the 
nitride into an eq. quantity of copper and cupric sulphate. A. Bchrutter said that 
sulphuric acid rapidly liberates nitrogen and leaves metallic copper behind ; other 
non-oxidizing acids act similarly, but more slowly in proportion as they are more 
dil. Cone, nitric acid oxidizes the nitride with great violence ; and, added A. Guntz 
and H. Bassett, scarcely half the nitrogen is transformed into ammonia ; with 
dil. nitric acid, the action is less vigorous. Soln. of the alkali hydroxides have but 
a feeble action on the nitride in the cold ; and even a boiling cone. soln. of sodium 
hydroxide requires an hour for a 10 per cent, decomposition : 2CU8N+3H2O 
i»3Cu80+2NH3. 
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ObBemtioziB cm (7. RerOoIMV ^ Pargmii fidminimt made by M. Fanday^ 
L. A. Crell, B. Higgins, B. Mnrmaim, N, W. Fischer, L. J. Proust, J. L, Gay Lnssae, 
and M. H. Klaproth and F. Wolfi have been discussed in connection with silver 
hydroxide ( 8 . 22 , 11 ). 6 . T. &ilby and G. G. Henderson found that when silver 
i/heated in ammonia the physical structure of the metal is altered, but no nitride 
is formed. According to F. Baschig, the fulminating silver obtained by the action 
of aq. ammonia on silver oxide appears to have been sQvir nitride^ AgpN, mixed 
with varying proportions of metallic silver. He obtained the product in a fairly 
pure state by treating silver oxide with 2 c.c. of ammonia in 25 per cent. aq. soln. 
per gram of oxide. When allowed to stand in the dark for 16-% hrs., crystals of 
silver nitride separate out. The silver nitride may be also separate bom the 
soln. by adding to the ammoniaoal soln. ten times its vol. of alcohol ; or by heating 
the soln. gently on a water-bath. The nitride is explosive, and it must not be 
disturbed until cold. The grey precipitate quickly ^kens on standing, and it 
spontaneously decomposes into silver and nitrogen so that specimens usually 
rontain some free silver. The nitride explodes easily and violently— particularly 
when dry^ When treated with hydrochloric acid, the nitride is converted into 
ammonium and silver chlorides ; with nitric acid, the conversion to ammonium 
and silver nitrates is complete. In the former case, the insolubility of the silver 
chloride hampers the reaction. Dil. sulphuric acid forms soluble ammonium and 
silver sulphates. Silver nitride is decomposed by a soln. of potassium cyanide : 
AgaN+SKCy+SHpO^NHs+SKOHH-SA^. L. J. Olmer and M. Dervin found 
that silver ammonium fluoride decomposes below 160^ forming black silver nitride, 
AgsN, which is more unstable towards friction than towards temp. It sometimes 
explodes spontaneously between 140° and 160° after about 10 minutes, but below 
140° it is more stable. It always explodes by contact or by a neighbouring 
detonation. 

Nitrogen has no action on gold. G. T. Beilby and G. G. Henderson observed 
that no nitride is formed when gold is heated in ammonia, but the physical structure 
of the metal is much altered. The action of ammonia on gold oxide, resulting in 
the formation of fulminating gold, has been discussed in connection with gold 
oxide ( 8 . 23, 14). According to W. R. Grove, ^ when water containing ammonium 
and auric chlorides is electrolyzed with a platinum anode and a gold cathode, a 
black Hubstance is formed on the cathode. Its sp. gr. is 10*3, and when heated, it 
gives ofi 273 c.c. of nitrogen per gram. F. Kaschig found that when cone. aq. 
ammonia is added to water containing aurous oxide in suspension, a black 
cxplusiyro powder, aurotfs amminmitride, Au3N,NHs.(4H20), is formed ; and this, 
wlien boiled with water, or dil. acids, furnishes hemitriliydrated g(^ nitridei 
AU 3 N.IIH 2 O. It is not decomposed by diL nitric acid. If gold aurosoauric oxide 
be similaily treated, it forms a black aurous amminUnhydroxynitride, AusN 2 . 3 n 20 , 
or (Au()H) 3 .N.NH 3 , which is very explosive when dry. Warm hydrochloric acid 
dissolves two-thirds the gold, and leaves onc-third in the metallic state. When 
boiled with water, half the nitrogen is expelled, and pentahydrated gold nitlida^ 
Au 2 N. 6 n 20 , is formed. It is not decomposed by boiling with dil. acetic, nitric, or 
sulphuric acid. 

The metals of the alkaline earths all readily combine with nitrogen at a high 
temp., forming nitrides. F. W. Dafert and R. Ifiklauz > said that the reactions with 
calcium, strontium, and barium occur respectively at 410°, 380°, and 260°. Accord- 
ing to H. Moissan, calcium is scarcely ailected by nitrogen at ordinary temp., but 
when the temp, is raised a little, the surface of the metal becomes yellow and then 
bronze coloured. B. Biesalsky and H, van Eok studied the affinity of calcium 
for nitrogen ; and C. Hontemaitini and L. Losana, the partition of oxygen and 
nitrogen, dry and moist, with calcium. According to H. Moissan, when calcium 
in an atm. of nitrogen is heated by a blast gas-flame, it forms a brown partly- 
sintered mass; it requires two hours’ heating in an iron tube to complete the 
reaction. The product is caldoin nitrido» 1. 1. Shukofi found the reaction 



102 


INORGANIC AND THEORETICAL CHEMIBTBT 


is vigorouH at 780° ; H. Ilerzer, and H. Hatdtnng workt^d at 900°. K. Kaiser 
obtained the nitride hj the action of nitrogen on the heated sulphide. 0, Rufi 
showed that calcium, when alloyed with more electropositive metals such as 
strontium, barium, sodium, or potassium, or with calcium nitride, combines more 
readily with nitrogen than pure calcium. From this observation it is concluded that 
the hetcro])olar nature of a metallic surface favours the combination with a honio- 
])olar gas, and from this it is assumed that it acquires influence charges from the 
surface valencies of the metal which determine its position and behaviour towards 
the surface. 0. Ruff and co-workers added that the rate at which alloys rich iu 
calcium absorb nitrogen depends on vol. relationship, temperature, potential of the 
added metal, and the calcium nitride content of the alloy. The contraction of 
calcium in the formation of calcium nitride keeps the exposed surface porous, but 
pure calcium is almost impassive towards nitrogen. Mi‘tals more strongly ])osilive 
than calcium accelerate the adsorption (E, Ba) ; of the others, some liave no effect 
(Mg, Pb, Sn), others retard it (As, &b), and some inhibit it (Bi . ( 'U, Zn). The addition 
of more positive metals has a loosening effect on the valency eh’ctrons of calcium, 
('aleium nitride acts as a catalytic agent in all cases Wit h calcium alloys containiiig 
f) per rent, of the nitride, pure argon can be id)taiiie(l In)in atmospheric nitrugen 
in a few minutes even at a temp, below 32(r‘. H, Krdmaun made this nitride 
by mixing calcium shavings with liquid nitrogen. L. Maquenne, and J. Feree 
obtained calcium nitride by heating calcium amalgam in a current of nitrogen. 
The amalgam was made by the electrolysis of cone. aq. soln. of ilie alkaline 
earth chlorirles with a mercury cathode. The amalgdin, in an iron or nickel boat, 
was heated to dull redness so as to drive off the mercury, and the tem)». then 
raised to bright redness lor a short time, and the nitride alloTieil to cool in the 
gas. Platinuiii is attacked by the metal. In any case tlu* product is conlami- 
nated with free metal, and some of the material from the ])f)al. il. Jfeizer uave 
lor the temp, of decompo^utinn. Jj. Marjiienne made strontinili nitride, 
Sr^N^, and also barium nitride, Ba3N2, by the iiutliud used for cal(*ium 
nitride, lie also obtained the nitride by heating in an ntui. of luirogen. 
calcium, strantiuin, or barium oxide or other salt ^ifh mngiiesium or unfit her 
metal capalJe of reducing the oxide or salt employed. The iirodurt is con- 
taminated uith magnesia. C. Limb heufed a mi.xturi' of bnriuiti fluoride and 
sodium in an atm. of nitrogen, and obtained barium nitride. I). Wolk nude b;iriiiiii 
nitride by the action of nitrogen on heated barium amalgam. JI. R. Ellin made the 
impure nitrides of the ulkuiine earths by igniting a mixture of the. oxide ami 
magnesium powder m air. G. Tammaim said that tli(‘ n^actnm occurs al TtX) . 
H. Gautier prepared the nitrides of the alkaline earth.s by heating an alloy 
of cadmium and barium, strontium, or calcium in an atin. of nitrogiui. TIk* 
reaction begins at GOO”. A. L\ Vourniisos found that barium eyaniLinide 
reacts with ammonium nitrate giving barium nitride; calcium carbide, with 
ammoiiiuiD nitrate, or calcium with niorruric cvanid(‘, giving caleium nitride . 
3Ga(CN)jj+12NH4N03 -lagNad QVU^ i HNg ( \ a'lrl 3('a i Hg(CN)3 
fi^Ca3No4 Hg+2C. A. Guntzand R. 1). Mentrelprepunsl barium nitride by beating 
barium amide iu vacuo above 400° : the reaction is reversible : 3Ba(Nlio)2^-4NII,i 
-fBasNjr— the amide is formed by heating barium in ammonia gas ai 3(Xr-3W) 
H. Hardtung said the reaction is not perceptible after half an hour's heating 
at MO”, but at 575°, 0*3 per cent, of nitrogen was absorbed from ammonia 
A. Guiitz found that barium hydride reacts with nitrogen at a red-lieat, form- 
ing barium nitride. W. Borchers and E. Ueek converted metals into nitride.i 
by electrolyzing soln. of an oxide or a salt of the nitride forming metal in a 
fused mixture of alkali or alkaline earth salt, using a cathode of molten metal 
which does not form a nitride readily, but readily alloys with the uilridc-formiuD! 
metal which is liberated at the cathode. The liquid alloy is treated with a current 
of nitrogen when the nitride is formed. The product is treated with water or 
steam when ammonia is evolved, and the oxide or hydroxide of the nitride-formmg 
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metal is retnmed to tlie deetrolytic chamber. The process was tried with calcium, 
magnesium, and aluminium. ’WHien radium is exposed to moist air, E. Ebler said 
that some radiam nitride is formed even more readily than in the corresponding 
oaso with barium. 

H. Moisaan found that under the microscope, calcium nitride appears in the form 
of transparent yellowish-brown crystals ; and, according to L. Maquenne, barium 
nitride furnishes a bronze-brown crystalline mass, or else occurs in the form of 
yellow needles. H. Moissan gave 2*63 for the sp. gr. of calcium nitride at 17*^ ; 
and e. 1200 ° for the m.p. F. Haber and 0. van Ourdt said that this compound 
melts and vaporizes at 900°. A. Guntz and R. 0. Mentrel found that barium 
nitride does not molt at 1000 °, but at that temp, it begins to volatilize. When 
ammonia is boated with barium nitride at higher temp., tbc gas is decomposed. 
H. Hardtung gave 7(X)° for the temp, of formation of t*aleium nitride, and 1060° 
for the tomp. of dissociatioii. C. A. Kraus and C. B. Hurd found the dissociation 
press, of calcium nilride to bo of the order 0-3 x 10 ““^ to X 10 "^ cm. over the range 
IJDB° to 1049°. in agreement with 113-23 Cals, for the heat of formation. A. Guntz 
and II. Bassett gave for the heat of formation : 3 CaBf)iia-fN 2 jAfc=Ca 3 N 24 nHd+ 112-2 
Cals.; and A. Guntz: SBawHii+NoKwi -Ba 3 N 28 oiidfl 49’4 (Ws. A. Guntz and 
F. Benoit gave for the heat of formation of calcium nitride, 37-1 Cals. ; for 
strontium nitride, 31*8 Cals.; and for barium nitride, 31-3 Cals. E. Tiede and 
A. Schleedc found that calcium and barium nitrides arc rendered lumincHcrnt by 
active nitrogen. 1 . 1 . ShukofI found that the sp. electrical msistanc^^ of powdered 
calcium nitride exceeds 2 x 10 “ oliins. H. Mois.-ian, IL Gautier, K. Kaiser, and 
F. Haber and G. van Oordt found that when calcium nitride is heated to 
about 600° in a stream of hydrotfen, animnnia and calcium hydride are formed by a 
reversible reaction. On the oilipr band. H. Erdmann and H. van der >SimBsen found 
that calcium nitride gives no perceptible ammonia when heated in hydrogen between 
500'" and 800° ; F. Haber and G. van Oordt studied the production of ammonia by 
passing hydrogen over calcium nitride at 600" ; and H. Hardtung obtained only about 
one per cent, of ammonia by allowing hydrogen to act on calcium nitride between 
350° and 760° for about an hour. C. A. Kraus and C. B. Hurd found that in the 
system consisting of Calcium, calcium hydride, and calcium nitride an equilibrium 
was established near 1000 '* and only hydrogen was present in the gas phase. The 
hydrogen was ullimatelv all absorbed at 870\ For addition rom])nunila with 
hydrogen, vide iw/ro, calcium amide. According to II. Moissan, when ralcium 
nilride is heated in utV, it oxidizes with incaiidesceuco ; and in orygni oxidation 
begins below red-beat, and then eontinues without a further application of heat. 
L. Maquenne found that water decomposes these nitrides with the evolution of 
ammonia, e.g, Ba 3 K 2 -i 6 H 20 - 2 MH 3 -i- 3 Ba( 0 H) 2 ; alcohol has no action, but 
H. Moissan found that calcium nitride and absolute alcohol^ >^hcn heated in a sealed 
tube, [urniah ammonia ; and calcium othoxidc and ethyl chloride at dull redness 
slowly form calcium ehloride and carbide, and methane. Calcium nitride is decom- 
posed by chlorine in the cold, and the mass becomes inrandeacent ; similarly also 
with bromine vap. ; while iodine acts vigorously at dull red-heat. C. Moiitemartini 
and L. Losana found that hydrogen c 7 iloride passed over heated ealciimi nitride forms 
ralcium chlorido and aiiuuonia. Cone, acids decompose calcium nitride slowly, 
or not at all, while dil. acids act vigorously, forming calcium and ammonium salts^ 
no gas is evolved if the nitride is pure. Svijihur reacts with calcium nitride at 500°, 
forming calcium sulphide. Contrary to R. C. Mentrel, C. A. Kraus and U. B. Hurd 
observed no indication of the absorption of ammonia by calcium and barium 
nitrides. Arcordiug to C. Monteraartini and L. Losana, nitrogen peroxide oxidizes 
the nitride slowly at a red-heat, and at a higher temp., the reaction is very vigorous, 
and nitrogen is evolved. Calcium nitride and phosphorus, at a red-heat, form 
calcium phosphide. At 600°, carbon has no action on calcium nitride, but in an 
electric furnace, calcium carbide is formed ; at 1200 °, in an atm. of nitrogen, calcium 
cyanide is formed. L. Maquenne observed a similar reaction with barium nitride, 
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lesultinginthefonnationof barium oyanide; and a similaT product iB obtained by the 
action of carbon numoTufc : Ba 8 N 2 + 2 CO=Ba(CN)|+ 2 BaO— vufe infra, mag^erium 
nitride. The reaction is interesting, since it furnishes a method of fixing nitrogen 
as cyanide by heating a mixture of barium oxide and carbon in nitrogen. H. Hard* 
tnng found no cyanogen in the exit gases when carbon dioxide or monoxide acta 
on calcium nitride between 760° and 1000°, but a trace of cyanide was found in the 
residue. According to H. Moissan, silicon and boron have no action on calcium 
nitride at 100° ; and sodium, potassium, and magnesium have no action at a red-heat. 
According to 0. Schmidt, sodium carhonaie, carbon, and calcium nitride form 
sodium cyanide at a red-heat: Ca3N2+N^COs+C=2NaCN-f3()aO, a reaction 
which continues without the further application of heat. 

According to A. C.Voumasos,^ beiylUum does not react with nitrogen or ammonia 
at an elevated temp., but be^Uiom nitride. BesN2, can be made by heating 
beryllium in cyanogen at 600°. He also found that beryllium reacts quantitatively 
with the cyanides to form the nitride: 3Bc+Hg(CN)2=BPaN2-fHg+2(/. F. Ficht»er 
and E. Brunner observed that beryllium absorbs nitrogen from 900"' upwards, 
but only a surface layer is formed, so that it is necessary to powder the product and 
repeat the process many times, in the course of which much oxide is formed. A 
better result is obtained by using ammonia. In both eases, the product has the 
formula Be 3 N 2 . Beryllium nitride is amorphous, but may be fused if heated rapidly 
to 2200° in nitrogen under atm. press., and then solidifies to colourless crystals, which 
scratch glass. It dissociates at 2100°. The chemical properties are similar to those 
of aluniinium nitride. The compound is stable in air, and is only slowly decomposed 
by boiling water. Dil. acids and hot cone. soln. of alkali hydroxides decompose it 
more really than aluminium nitride. The nitride is usually decomposed more 
readily than aluminium nitride. The nitride usually contains a little carbon, 
formed by the reaction 3Be2C+2N2=2Bi*3N2+3C. Direct experiment shows that 
beryllium carbide absorbs nitrogen at or reacts with ammonia at 9r)Q'’<-10(X)°, 
liberating carbon. A mixture of beryllia and carbon yields the nitride at 1900° 
in nitrogen. Cyanainide compounds are not formed. 

In 1657, H. St. C, Devillc and H. Caron noticed that when magnesium is distilled 
in air, the product is sometimes covered with small, colourless, acicular crystals which 
were quickly destroyed bj moisture, forming magnesia and ammonia. These 
crystals were very probably those of magneamn iliMde, Mg 3 N 2 . F. Briegleb and 
A. Geuther made this com}K)und by heating magnesium in a current of ammonia 
or nitrogen; f,g. magne.sium filings, in a porcelain boat, were heated to bright 
redness in a current of dry, acid-free nitrogen quite free from air. Some silicon is 
present as impurity being reduced from the silicates of the porcelain-boat; but, 
by using an old boat, they obtained a product almost free from that impurity. 
H. Hardtung found that the reaction begins at about 450 ^ and proceeds rapidly 
at 600°. A. Bossel, and G. Tammann made some observations on this subject. 
E. Biesakky and H. van Eck studied the affinity of magm^sium for nitrogen ; and 
C. Montemartiui and L. J.iosana, the partition of nitrogen and oxygem, dry 
or moist, between magnesium. V. Merz found the use of a very high temp, to 
be neither necessary nor desirable. Combination readily occurs in a glass tube 
heated by a gas burner. The glass is blackened during the operation owing to 
the liberation of silicon. A. Geuther obtained the nitride mixed with silicon 
by heating magnesium silicidc in a current of nitrogen ; and K. Kaiser, by 
the action of nitrogen on the heated sulphide, or the molten chloride. A. Smits, 
and S. Foschowetsky said that a current of ammonia acts better than one 
of nitrogen. A. Smits obtained the nitride by burning magnesium powder in a 
crucible while stirring with an iron rod ; J. W. Mullet, by luxating magnesium in a 
crucible with insufficient air for combustion to the oxide ; and W. Kirchner, by 
burning a cylinder of magnesium, heated by a bunsen burner, in air. Accorrling 
to W. Eidmann and L. Moser, magnesium nitride can be prepared by heating in air 
magnesiiim powder mixed with a number of oxides of metals which readily oxidize 
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Bud abo by heating with oertain metah and carbides. A mktaie of equal parts of 
iron and magnesimn, heated in an uncovered crucible, gave a crude product contain- 
ing 36 per cent, of the nitride. By heating magnesium powder stro^ly in a covered 
crucible with a minute opening in the cover, a lower layer of nitride is formed, 
covered with unchanged magnesium, and a surfaco layer of oxide. By carefully 
regulating the conditions, as much as 78-80 per cent, of nitride can be obtained in 
the product, a value approaching very nearly to that required for a complete 
abHor])tioD of the oxygen and nitrogen of the air (calc. 82*3 per cent.). E. C. Szarvasy 
obtainf=‘d the nitride by heating a mixture of graphite in an atm. of hydrogen, and 
then stirring the hot mixture in air ; H. Mchner, and W. Neuberger, by heating in 
an electric furnace a mixture of magnesia and carbon in an atm. of nitrogen ; and 
K. Kaiser, by passing nitrogen over ma^esium hydride: 3MgH2+2N2 
_j[gjjN2 + 2NH8; and reconverting the nitride into hydride: 2MgsN2-i-9H2 
6Mgll2 I INH3. This gives a cyclic process for the fixation of nitrogen. 
W. Bun hors and E. Beck also observed a cyclic process in which a magnesium alloy 


was obtained from magnesia, etc . — vide supra, alka- 
line earths. H. Hardtung heated magnesium for 
two hours in an atm. of ammonia, and found at 
rliffrreni temp, the amounts absorbed to be those 
indicated in Fig. 12. Ho gave 600® for the temp, of 
fnrination, and 900° for the temp, of dissociation. 
H. Herzer gave 11 DO'’ for the decomposition temp.; 
and 1-829 to 1-872 for the sp. gr. at 25°/4®, 



This makes the mol, vol. between 53-9 and r)6'2. Fio. I 2 . — ^The Absorphon of 
W. Eidmaim observed the formation of magnesium Nitrogen by Magnesiiun. 


nitride when a mixture of magnesium and nitro- 


genous Bubstanees is heated to redness, and when magnesium is heated with 
boron and silicon nitrides, or the cyanides of the alkah metals, the alkaline earth 


metals, copper, zme, cadmium, lead, nickel, and cobalt. A. C. Vouinasos abo 
found that magnesium reacts violently with the thiocyanates, and more quietly 
with the cyanides, forming the nitride : 2KCN-f3Mg=Mg3N24-2K-j-2C. 

A. Remele observed the photoelectric efiect with magnesium nitride; and 
K. W. Kiding and E.C. C.Baly studied the action of cathode rays on magnesium 
nitride. I, I. Shukofi found that the electrical resistance of powdered magnesium 


nitride exceeds 2 X 10** ohms. Magnesium nitride is a greenish-yellow, amorphous 
mass, which when heated, becomes yellowish-brown. N. Whitehouse found that it is 
not reduced by dry hydrogen free from oxygen, but with water-gas, magnesia, carbon, 
ryanamiile, and other products are formed. K. Kaiser, however, represented the re- 
action : Mg3N2+6H2- 3MgH2+2NH3, and H. Hardtung obtained about 3 per cent, 
of ammoma by this reaction at temp, bi-tween 20° and 760° during an hour's run. 
F. W. Dafeit and R. Miklauz observed no tendency of magnesium nitride to form 


addition products analogous to those with calcium and lithium nitrides. F. Briegleb 
and A. Geuther found that magnesium nitride is oxidized slowly to magnesia, when 
heated in air; and in dry oxygrn, it burns with incandescence. Moist air decomposes 
it, and the exposed product smells of ammonia. The action of watrris vigorous, 
resulting in the formation of ammonia and magnesium hydroxide. J. Lipsky 
studied the fixation of nitrogen by converting it into ammonia vid magnesium 
nitride as intermediary. E. A. Schneider said that chlorine readily reacts with the 
nitride, forming magnesium and ammomnm chlorides. C. Montemartini and 
L. Losana found that hydrogen oJihride when heated with magnesium nitride forms 
the chloride and ammonia. F. Briegleb and A. Geuther found that the nitride 
readily reacts with cone, or dil. kydrocldoric acid, forming magnesium and ammonium 
chlorides ; hydrogen sulphide furnishes magiiesiuiu and ammonium sulphides ; and, 
according bo B. Paschkowetsky, the nitride is scarcely attacked by cone, sulphuric 
acid in the cold, but when heated, sulphur dioxide is evolved. F. Briegleb and 
A. Geuther found cono. and dil. nitric add furnbh magnesium and ammonium 
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nitrates ; phosphorous cUoridr giives phosphoTUs nitride, and, added E. A. Bolineiderf 
the reaction is vigorous at aiod-hoat—phosphorus distils ofi, the mass becomes white-* 
hot, and the residue contains magaesium chloride and phosphorus— not magnesium 
phosphide. F. Briegleb and A. Geuthcr said that phosphoryl chloride can be dis- 
tilled from the nitridp without change, but at ITO"" in a sealed tube, it forms a dark- 
coloured mass with metaphosphonc acid in the aq. soln, Magnesium nitride is 
dpcomposed when heated to bright redness in an atm. of carbon monoxide: 
Mg 3 N 2 ^ tlCO- 3MgO+2CN+C ; and likewise also with carbon dioxide: 
2Mg3N2H 3(^02- CMgO-[ 2CN4 These reactions have been questioned by 

F. Fichtcr and C. Wholly, who, working at 1250®, observed no formation of 
cyanogen, and represented the reactions : Mg3N2+300 - 3MgO -I-N 2 \ 30 ; and 
Mg 3 N 24 3 UO 2 -3MgO-t-3rO+N2. H. Hariltung obtained traces of cyanogen in 
the gas with both carbon monoxide and dioxide between 7r>0® and 10()0'' ; but no 
cyanides were fonn<l in the residue. Carbon monoxide did not react appreciably 
at 750\ an J even at higher temp, is less reactive than the dioxide. F Briegleb and 
A, Goutlier oli8cr\cd no reaction between inagncsium nitride and alcohol or rthyl 
iodide at ICO’ ; A. Smith observed no change with absolute alcohol at 140® 160® ; 
nor did an alcoholic soln ui glycerol or oiahc avid liave any action, but a soln. of urea 
did change the nitride. S. Paschkuwetzky found the nitride has very little action 
on phrnol, fnphcnyl pimphafr, hoizoyl chloride, and henzoir anhydride 0. Schmidt 
found that alkali carltonaie^ react with magnesium nitride as they do with other 
nitiides. A. Sinils icjairled that magnesium nitride with nickel chbnde yields a lilaek 
substaiire ^liirh forms with aciils a green soln. which contains some ammonia , cohaU 
chloride, and feme and fenoui> chlotidcs behave similarly, but the acid soln. has no 
ammoma , silver, mercuty, and chromium chloiides form nitrides which are decom- 
])oaed by water giving oil ammonii ; platinic chloride gives metallic pldlinum ; and 
oxide or sulphate givch co[ipcT and its nitnde. There is a Mgoroua reaction 
with lead diondc, aint ft rrous or feme ojt rrfe. 

K. Iwase 8 foiiml that nitrogen is not dissolved by zinc, W. H Grove 
rc}K)rted what was jjusfibly impure zinc nitride^ ZiisNo, to be formed by the 
electrolysis of water with amiiionium ihloridc in sns]ienbion by an anode of 
zinc and n cathode of platinum wire. The sj)Oiig)Muahs i-olletiing about the 
zinc rod was washed ami dried. Its sp, gr. Tiids 4-6, anil il rondiicted electricity. 
Wlien ignited. niirng<'ii and some hydrogen were evolved. If N. Warren also 
claimed to ha\e made zinc nitride by the elertrolysis of soln. of zine salts in pn^sence 
of aminnnium salts. II, Pauli could not make a nitride with a current density of 
1-5 211-12 am]) per sq in. E, FraukUml said that zinc amide at a dull red-heat 
forms d niixlure of ziiu and zinc nitride According to P. Horminrin, wdien zinc- 
dust IS heated in amniunia, two compounds are formed : fi) At 5U() , a grey zinc 


moiwniindr, ZnN, apjiedrs It is deconiposeil by water slowly at ordinary teni]»., 
and rapidly when heated, forming ammonia and zinc hydroxide. With acids the 
luoiiouitiidp develops nitrogen, and traces of hytlrogen and 
ammonia, (li) At 4(K)", a brown substance is produced 
ill small quantities. It docs not decompose boiling water, 
and it contains less nitrogen than the monunitndc. It 
reacts similarly with acids, fx. F. Hiittig, H. Ilerzer, and 
A. H. White and L Kirwdibraun prepared zinc nitride 
by pas.siiig ammonia over zinc powder at 61)0®. The black 
nitride so obtained decomjiosed slowly into its elements 
TOO temp, used for its formation so that the product 

was always eontaminated with zinc. The eomposition 
indeed depeiidwi on its speed of formation. They 
and Ammonia. regarded their product as a solid sola, Zu 3 N 2 .nZn. 

G. (x. Henderson and co-workers confirmed these results. 


H. Hardtung heated zine-dast in ammonia gas at difTcrent temp, for half an hour, 
and found the zone of st ability to be rather narrow as indicated by the curve, Fig. 13. 


mmoQM 


vn 


K. Frankland obtained abo nitride by beating tbe amide to 200^, thus 
3Zn(NH2)2=Zn3N2+4NH3 ; A. C« Vournasos, by heating ainc cyanide with 
Bnnnonium nitrate i 3Zn(CN)2-^12NH4N0j'=Zn3N2'1^6C02“|“14N2“f’24H2 ^ » ^i^d 
W. J. Bcntly and P. L. Stern, by paasing ammonia— freed from oxygi^n and 
moisture — over ainc-dust — previously washed with a sola, of ammonia and 
ammonium chloride, alcohol, and ether, and dried in vacuo- lor 30 minutes at 650^^, 
and tlic' product cooled below 200** before exposing it to air. The highest yield 
was 36-8 j>cr cent, nitride. 0. Ravner observed 1 he formation of zinc nitride daring 
t)ie dictillation of zinc. L. Arons made the niiiidp by the action of an arc between 
zinc poles in an aim. of nitrogen ; and F. Fischoi aud F. Sehroter, by the arc 
process iUustrated by Fig. 11. A. Bossol found that the nitride is formed by 
Jiruting a mixture of calcium carbide and powdered zinc at a rcMl-heat. Zinc 
nitride prei)anMl by the amidn prnress is a green powder, that proparod by other 
])rocesses is black. E. Frankland said that zinc nitride is dncomjtoscd by water, 
foiming ammonia and zinc hydroxide ; and with dil. acids, ammonium and zinc 
Siilts are formed. W. R. Grove prepared what seemed to be cadmium nitzidCi 
Od^N^, by the same process os that employed for zinc nitride. It was also prepared 
by F. Fiseher and ro-workcrs by the method of Fig. 14 ; and (i. R. lloliart obtained 
it as an orange-coloured powder by heating cadmium amide in vacuo at 180^. 
The black powder exploded when healed. With acids, radniiiim and ammonium 
salts are litrmed. G. G. Henderson and J. C. Galletly found that cadmium behaved 
like zinc when heated in ammonia. P. Herrmann found that when c^idmium is 
lieiited in ammonia, at about 7r>0\ a yellow oil distils over ; at lUOO^ cadmium oxide 
K'diieed by ammonia to the metal. Cadmium does not absorb nitrogen at 10(X) '. 

,1 . J . Thomson and R . Threlfall ^ ntiiiced that when an electric ilischarge is pasM'd 
tliroiigh nitrogen gas confinc'd over merrury, there is a diminuliouin prcbsure ; this 
wiis at one time attributed to llie formation of a polymerization of the niol. — possibly 
to Nj. The phenomrmon was afterwards found to arise from the union of nitrogen 
witli mercury, ])robabIy forming mercury nitride -vit/e infra. P. Plantamour 
jiashL’d dry ammonia over dry but freshly jirepared, yellow mercuric oxide^ first in the 
cold, and later at J5U‘\ and obtained an cxjdosive substance tliought to be impure 
mercuric nitridci Hg 3 N 2 . Tho product always contains some globules of mercury — 
I'vi'u lliougli It has been he,ated above 121)'* ; the mercury may be removed by cold 
dil. nitric acid, and tho nitride then washed aud dneil. If iinnminia is passw'd over 
lueicuric oxide — previously heated to KK)’- 200'’— a dark grey mixture of mercury, 
niL'Tciiroiis oxifle, and a small quantity of mercury nitride are formed, which, when 
fn'ated with dil. nitric acid furnishes, bowdes mercury, cuiiianion-browu curdy 
II. ikes of what was thought to be a compound of mcreiiiy nitride and nitrate, 
t . Jf. Jlirzel said that mercuric oxide dried at ItK)* is not attacked by ammonia at 
lot)’. II. N. Warren worked at 2(X)°, and C. 11. llirzel repealed P. Plantamour s 
work, but exposed the mercuric oxide at 40'*-5U'* to the netiuii of the aiimionu, aud 
iifiiTwards not over 100°; ho obtained a product corresponding with meTeiino 
nitride. T. Weyl, and H, Gaiulecliou said that 0. II. llirzel’s product 
always contains oxygen, and is really diniereuriammoniuni oxide, (Nllg 2 )^ 0 -^.u. 
Tins substance at 125”, in contact with ammonia, forms mercune nitride : 
■HNllgjj). 20 -l- 2 hIJIg =4ng3N2+3H20, which is asbot'iated with bmall globules of 
mercury and is like P. Plantaiiiour’s product. There is therefore some doubt as 
to whether the product obtained by tho action of ammonia on mercuric oxirle 
coutaiiis unchanged mercuric oxide or is a dcfiuito oxygenated compound. 
K. A. Hofmann and E. 0. Marburg, and II. Gaudcclion believe that moreuric nitride 
cannot be obiaiued by this mode of pre])aration. E. (k Franklin reported mercuric 
nitride of a high degree of purity to be formed on adiling a soln. of mercuric iodide 
•m to an excess of a soln. of potassium amide in liquid ammonia : 

dngl 2 H CKNH2=irg3N2-+GKlH-4NH3. The chocolate-coloured precipitate 
beccmies darker on standing and is then more easily washed with liquid ammonia. 
Ihe nitride is said to be very explosive aud to require handling with great care. 
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Heicnrio nitride of undetennined oompoaition wu stated by B. Threlfall to be 
foimed as a biovn film by the action of nitrogen on meicaiy when the gas nndex 
diminished press, is under the influence of an electric discharge ; and B. J, Strutt 
found that activated nitrogen reacts with meicuryi forming a nitride. F. Fischer 
and F. Schrfiter also prepared the nitride by the process indicated in connection with 
Fig. 11. 0. Flaschncr found that scarcely any hydroxylamine is reduced by the 
mercury cathode. 

F. Flantamour said that the impure mercury nitridCi which he prepared, 
exploded with a white flame having a bluish-purple border when heated, when 
stiuck by a hammer, or when rubbed with a glass rod on a watch-gloM. In 
the last ease, the glass was perforated with a round hole. The explosion is 
said to be almost as violent as that of nitrogen iodide. According to 
C. H. Hirzel, mercury nitride exposed to air forms a dirty- white, non-explosive 
powder which efiervesces feebly with acids : vfater slowly transforms the nitride 
into a white powder. E. C. Franklin's preparation exploded in contact with 
water, owing ])ossibly to the presence of a trace of potassium amide. Dry carbon 
dioxiie does not act on the dry nitride, but it forms with the moist powder a white 
substance containing carbon dioxide. E. C. Franklin said that the nitride can be 
dissolved in dil. acids. C. H. Hirzel said that cone, nitfic add colours the compound 
yellow, and then white, while dil. nitric acid transforms it into a white powder — 
slowly when cold, rapidly when heated. P. Flantamour found that cone, nitric 
acid at 40'’ can be made to dissolve the nitride, forming a soln. of ammonium and 
mercuric nitrates ; hydrochloric acid forms a soln. of ammonium, mercuric, and 
mercurous chlorides ; and boiling dil. sulphuric add^ a soln. of ammonium and 
mercuric sulphates together with a little yellow basic s^phate. The substance also 
explodes when brought in contact with sulphuric acid, and in that case a white 
powder remains behind. When heated with potassium hydroxide^ ammonia gas is 
evolved, and mercury sublimed ; and C. H. Hirzel said that a cold soln. of potassium 
hydroxide acts slowly, and a boiling soln. rapidly forni«. a yellow powder, and ainmoiiia 
is gradually evolved. E. C. Frankhn said that the nitride is soluble in liquid 
ammonia, but not if potassium amide be also present. C. H. Hirzel found that 
cold aq. ammonia decomposes the nitride, forming a yellow powder ; ammonium 
carbonate acts rapidly, forming a yellow and then a white powder ; an aq. boihng 
soln. of ammofmm chlonde slowly dissolves the nitride with the evolution of 
ammonia ; and a soln. of mercurtc chloride transforms it into a rcddibh-brown 
powder, P. Flantamour found that if mercury nitride be carefully mixed with 
cupric oxide and heated, nitrogen gas is evolved, mercury is formed, but no water. 

W. H. Balmain first prepared boiOD nitride, BN, by the action of molten 
boric acid on potassium cyanide. He considered the product of the action resembled 
cyanogen, and was able to unite with the metals to form compounds analogous to the 
cyanides, and he named the radicle etAo^en^from alOos, brilliaiit—in allusion to 
its appearance in the oxidization zone of a flame. Later on, W. H. Balmain 
recognized that he was mistaken in assuming that ethogen is like cyanogen in 
forming compounds with the metals. B. Wanngton beheved that traces of boron 
nitride occur in the ammonium chloride found in some volcanic districts, and 
assumed that it was formed from boric acid. H. St. C. Deville and F. Wohler 
reported that when amorphous boron is heated to a moderate temp, in air, the 
boron takes fire and bums completely. The product was not all boric oxide, but 
rather a mixture of boron oxide and nitride. The microscopic crystals occurring 
in the mixture were probably those of boron nitride, for, when heated with soda- 
lime, they gave ofi ammonia. They also obtained the same substance by heating 
a 4 : 1 mi^ure of boric oxide and carbon in a current of nitrogen. W. llempel found 
that under these circumstances the yi^dd is greater if the press, be inrreosed, thus, 
in 15 mins, at ordinary press., 0014 gnn. of the nitride was obtained from 3 grmSi 
of boric acid and 2 gims. of carbon ; at 25 atm. press., 0-019 grm. ; and at 66 atm. 
press., 0*032 gim. H. Moissan showed that amorphous boron does not unite with 
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nitrogen at 900'’, but at 1200’’, boron nitride n readily formed. E. Friedeiich and 
L. Siitig* and }i, Mehnet obtained it by boating a mixture of boric oxide and carbon 
in an atm. of nitrogen. K. Kaiser mado boron nitride by the action of nitrogen on 
ilio heated sulphide. H. St. C. Dcville and F. Wohler obtained the nitride by 
heating amorphous boron at a dull red-heat in dry ammonia — the reaction proceeds 
vith incandenccnoe, and hydrogen is evolved. L. Moser and W. Eidmann heated 
boric oxide to 800° in a current of ammonia ; B2OS+2NH3 -2BN+3H2O ; the crust 
of nitride which forms on the surface of the grains hinders the reaction, but if the 
boric r)xide be mixed with twice its weight of calcium phosphate, the reaction proceeds 
rapidly in a blast gas-furnace. The calcium phosphate is removed by washing with 
a little very dil. hydrochloric acid. F. Wohler obtained the nitride by heating a 
mixture of ammonium chloride and borax, and, according to H. Bose, boric oxide may 
be used— ammonium nitrate is not suitable. L. Moser and W. Eidmann represented 
the reaction : 2NH4Cl+Na2B407--2NaCl-l-2NH3+2B208+Ha0, and, at a higher 
tf'inp., the ammonia reacts with the boric oxide; B208+2NHs=2BN-|-3H20* 
Th(7 said that it is better to heat a mixture of borax with an inert substance like 
calcium phosphate so as to obtain a porous mass, and heat the product in the vap. 
of ammonium chloride. The calcium phosphate is removed by washing with a 
liille very dil. hydrochloric acid. F. Meyer and R. Zappner found that the above- 
described processes gave very poor yields, and the only satisfactory method is to 
beat Ibe boron animinochloride in a quartz glass tube, at 600°-600'’, and finally at 
KKK)' in a current of hydrogen charged with the vap. of boron trichloride and 
ammonia, when ammonium chloride and boron nitride are formed. The yield was 
80-86 ])er cent. H. Davy showed that amorphous boron inflames when heated in 
dry iiilrous oxide, and H. St. C. Deville and F. Wohler represented the reaction 
v^ith nitric oxide : 5B-f 3NO-B2O3+3BN. The reaction proceeds mil Mend^ider 
fvuenrscheinunff; but if crystaDine boron be employed no reaction occurs at the 
softening temp, of liard glass. A. C. Voumasos showed tliat when boron is heated 
in cyanogen or hydrogen cyanide, the nitride is formed, and the same product is 
obtained by adding finely divided boron to fused potassium cyanide. 

'I'iic potassium cyanide ia first melted in a porcelain crucible at 630° in the absenco of air, 
and floured out on a marblo slab. It is then remelted in a clay or porcelain crucible, and 
the dry, fincly-poa derod element added in portions, the mixture bemg agitated from tune 
to tmie, and tho hoaling continued for liftoen minutM after the final addition. Tlio cooled 
tilai'k maae is placed in warm water, and tho insoluble residue of nitride and amorphous 
rorboii is carefully and gently ignited in air to remove the carbon. 

Boron, as an impalpable powder, reacts with many organic substances containing 
nitrogen— ^.,9. tliiocaibamide, potassium or ammonium thiocyanate, etc.— 
inf I a, aluminium nitride. F. Wohler obtained boron nitride by calcining a mixture 
of borax and anhydrous potassium Icrrocyauide ; W. H. Balmain used a mixture 
ul boric acid and potassium cyanide, mercuric cyanide, cyanogen sulphide, or 
mcllone ; and M. Darmstadt, a mixture of boric oxide and urea. N. Wbitchouse 
obtained it by heating boric oxide with carbon or carbon and iron in the presence 
of nitrogen ; boric oxide dues not form the nitride when heated in an atm. of 
hydrogen and nitrogen gases. C. A. Martius prepared the nitride by calcining boron 
amininotrichloiide ; A. Stock and W. Uolle, from boron amminubromide ; 
(1. UuslavsDD, a mixture of ctbylamine and boron trichloride at 200” ; and A. Stock 
and M. Blix, boron imide, or boron imidochlorohydrate at 130”. S. Peacock 
obtained boron nitride by heating the oxide in an atm. of nitrogen and adding 
sodium when the temp, necessary for reaction is attained. 

Boron nitride is a voluminous white powder which under the microscope shows 
no sign of crystallization. The sp. gr. depends on the temp, to which it lias been 
ignited. F. M, Jager and U. G. K. Westenbrink said that the X-iadiogram 
shows that the space-lattice is either cubic with 0= 7'44 A., or tetragonal with 
B=-4'29r) A., and c- 6*176 A or a : c— 1 : 1*2052. In the first case, the elementary 
cell contains 20 molecules, which is improbable ; and in the second case, 4 or 6 
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moleculea. The crystals were alsoexaminDd by 0. Hassel, ^ho foand them to be 
hexagonal and nearly the same as those of grai^hite. W. niime-Rothery discussed 
the electronic stiuctuic. E. Friederich and L. Sittig said that the crystals are not 
cubic ; the sp. gr. is 2-34 ; H, Herzer gave 2^321 at 2574°. V. M. Goldschmidt 
gave 2'255 ; and he found that the optically trigonal or hexagonal crystals have 
the index of lefraction r74; and birefringence 0*3. The optical cliaraoter is 
negative. The basal cleavage is good The hardness is 1 to 2. The nitride melts 
at 30(H)° under press., and sublimes before melting; the electrical resistance 
at ordinary temp, and at the m.p. is very large. The great infusibiliiy of boron 
nitride, said J. Boeseken, indicates a high degree of polymorization. L. Moser 
and W. Eidmann said that if the nitride be prepared at a very low temp., it 
appears like a colourless gelatine which dries to a hard, brittle mass which enters 
into reactions more readily than other forms. Thus, A. Stock and M. Blix consider 
that there are two fornis-'onc much more sensitivo than the other to chemical 
reactions; that prepared from the imide or imidochlorohydiate at 130*^ is an 
example, and if this be heated in a crucible by a blast gas-flame, it becorncB insensitive 
to cheniical action. F. Meyci and U. Zappner said the stability towards water 
depends on the icnip. to which the nitride has been ignited. F. W^ohlcr said that 
it Is stable ai a high temp., and W. H. Balmain adtlcd that it is infusible. 

A. Magnus ami 11. Danz gave 2*5153 +0*0()630y6(9-22)- 0*0532885(6- 22)2 
to reprchont the mol. lit. of boron nitride beiween 400° anrJ 900*^. K. K. Slade 
and (i. I. lligsoii found that the dissociatinn press, of the nitride, at 1222”, 
is 9‘4 mni.; ami the heat of formation, about G9 ('als. W. Jevons attributed the 
bands in (he bpectrum of lioron chloride with a little nitrogen to boron nitride; 

B. S. Mulliken, to boron oxide. W. J evens also found the boron nitride bands m the 

arc spectrum of boron in air. W. H. Balmain discoviTed that boron nitride glows 
with a green light when held in the edge of a flame ; F. Wohler ascribed the 
plienoiueiion to the slow oxidation of the nitride. E. Tiede and F. Buscher said 
that only when free boric oxide is prt^sent is the nitride luminescent in the flame. 
The lununc'hccncc is not due to oxidation but is ]>hysical in its origin. The cause 
of the activation is unknown. E. liede and JI. Tumaschek said that boron 
nitride exhibits luminescence only when small quantiticH of carbon are presr'ut, 
E. Thde and A. Schleede ob.sorvcd that the nitride, when in contact with active 
nitrogen, and sensitized by flame, is phosphorescent. F. Wohler said that 
boron nitridr^ suffers no change when heated to redness in hijdrogcn; and that 
it does not igiuic or burn when heated in air; but in if at a high 

enough temp., it burns witli a greenish-white flame and gives off the vap. of 
boric oxide. F. Woliler, M Darmstadt, W. II. Balmain, and L. Moser and W. Eid- 
mann observed that in a flame the mtride phosphoresces with a greenish-white 
light, and oxirlizes very slowly ; the thermo-luminescencc is hinilereil when much 
boric oxirle is p^^^eIlt. A. Beniele found that boron nitride exhibits the photo- 
electric effect. F. W tdiler said that hydrofluoric acid attacks the nitride quickly, 
forming aTiimonium tluoburate ; and, added L. Moser and W. Eidiiiami, if the 
nitride be heated with ammonium fluoride and an excess of cone, sulphuric acid, it 
is completely decomposed into ammonium sulphate and boron trifluoricb. Accord- 
ing to F. Wohler, and M. Daniistadt, chlorine at a modeiaie heat has no action, but 
if heated more strongly boron trichloride is formed. N. Whit chouse showed that 
dry hydrogen chloride at 147b” does not attack boron nitride ; but C. Montemartini 
and L. Losana found that all the nitrogen is thus converted to ammonia, and 
boron chloride is formed. M. Darmstadt said that hydrochloric acid heated in a 
sealed tube with boron nitride at 160''-200”, fomas boric acid and ammonium chloride 
quantitatively; but he found that iodine at a red-hcai does not attack the 
nitride. L. Moser and W, Eidmann said that sulphur dioxide is partly reduced to 
sulphur by boron nitride, and F. Wohler showed that hot cone, sulphuric acid 
slowly forms ammonium sulphate. A. Stock and M. BUx showed that the nitride 
formed at low temp, is rapidly dissolved by aq. ammoniat but not the nitride which 
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has been oalcined. F. WShler said that the nitride is nut changed at a red-heat in 
au atm. of carbon dioxide^ but L. Mbaer and W. Eidmann showed that the carbon 
dioxide is partly reduced to carbon monoxide— the boric oxide dmultaneously 
formed as a film protects the nitride from further action. The vap. of oarbon 
does not alter the nitride at a red-hcat. M. Wunder and B. Jeanneret 
iuiind that boron nitride is opened up when the powder is heated with jUmflhmic 
aQid of sp. gr. 1-75. F. Wohler showed that boron nitride acts as a reducing agents 
in that molten tliromic anhydride is reduced to chromic oxide ; mlyhdw anhydride^ 
to blue oxide ; aremic IrioxHe, to arsenic ; miiimny trioxide, to antimony ; had, 
ropjter, and mercurio oxides, to the metals with the formation of nitric oxide or 
nitrogen peroxide ; and bismuth tmd cadmium oxides form a borate alid nitric oxide 
and the latter pelds some cadmium. Zinc and ferric oxides are not attacked. 
IT. Sborgi and A. 6. Nasiui prepared nitric oxide (j.u.) by the action of boron 
nitride on iron, copper, manganese, nickd, and cohdlt oxides. Lead nitrate forms 
lead borate. An aq. suln. of potassium hydroxide, said F. Wohler, does not attack 
boron nitride, but with molten alkali there is a rapid evolution of ammonia. The 
nitride prepared at a low temp, was found by A. Stock and M. Blix to be rapidly 
attacked by hot dil. alkali-lye, but not so with the nitride which had been heated to 
a high temp. L. Miiser and W. Eidmann found that when melti*rl with sodium 
dioxide, boron nitride is converted to a boral e and nitrate ; and wh^u the powriered 
nitride is added to the molten dioxide, there is un evoluLion of mtiogen and the 
formation of a borate with incandescence. A. C. Vournasos heated boron nitride 
with sodium formate and obtained amorphous boron, hydrogen, ammonia, and a 
boron hydride. F. Wohler found that when heated with potassium carbonate, 
potassium borate and cyanate are formed: BN I-K2CO3- KBOo-fKOCN ; if the 
nitride be in excess, some potaasium cyanide is fonniMl. J. B. Morse patented 
a process lor heating a mixture of boron nitride and potassium carbonate to dull 
redness whereby potassium cyanide was formed: 4BN+3K2CO3 f 2C— K2B4O7 
+( '()^-| IKUN ; if the mass be mixed with iron filings, alkali ferrocyanide is formed. 
W. II? Balmain, J. t\ (I. de Marignac, and 11. Bt. U. Deville and F. Wohler were not 
able to prepare compounds of boron nitride with the mefab. A. Stabler and 
J. J. Elbert tlibcusscd a method of “fixing” the nitrogen of the atmosphere 
through the agency of the boron nitrides. 

According to F. Brieglcb and A. Geuther,!^ aluminiuni nitridPt AIN, is formed 
by beating aluminium turnings in a hard glass tube in an atrn. nf nitrogen. 
F. Ficliter and G. Ocsterlield said that alnniiniuin begins to absorb nitrogen at 
7f)0’. F. Fielder worked at 720°-74U®, and in order to effect coinplele nitridiition, 
he recommended finely powdering the product, and rejieating the operation. 
J . Wolf said that the process works much more satisfactorily at and F. Fielder 
and A. SjK-ugel added that the reaction started at SOU*' quickly rises in tcnijj. to 
1300^ N. Tbchischewsky said the reaction starts at 400'^, and is rapid at 
Ini])uritie8 may be removed by heating the pioduct to redness in a current of dry 
liyilrogen chloride. K. Iwase studied the solubility of nitrogen in aluminium; 
E. Biesalsty and H. van Eck, the affinity of iiiLrogcn for aluminium; and 
C. Monteniartini and L. Losana, the partition of dry or moist oxygfm and nitropm 
between aluminium. A. II. White and L. Kirschbaum prepared the nitride by 
heating aluminium to 700*^ in a current of ammonia. LI. Shiikoil said the reuctiou 
is vigorous at 780°. H. Moissan found aluminium nitride to be present in some 
commercial samples of aluminium ; and L. Frank and A. Kossel, A, Koascl, 
£. Kohn-Akrest, and 0. Matignon noted that it is formed during the oxidation 
of aluminium in air. H. R. Ellis obtained the impure nitride by igmtiug a mixture 
of alumina and magnesium powder in air. C. Zenghclis said that the nitride is 
formed if aluminium be burnt in oxygim and u current of nitrogen be substituted 
lor oxygen while the metal is burning. L. Arons ubtamed it by heating aluminium 
by an electric current in an atm. of nitrogen. J, W. Mallet observed that by 
heating aluminium white-hot in a carbon crucible yellow flecks of alumiuiimi nitride 
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are formed. A better yield of nitride is obtained if the aluminium be bedded in 
Rodium carbonate in a graphite crucible and heated for four or five houra. Fart 
of the aluminium ia oxidized to alumina ; the soda of the sodium carbonate 
volatilizes ; and embedded in the remaining crystals of graphite, etc., there are yellow 
crystalline particles, and a yellow crystallme crust of the nitride, F. ^chter 
strongly heated a mixture of aluminium bronze and charcoal in a covered crucible, 
and removed the lid when the mass was red-hot. A mixture of the oxide, carbide, and 
nitride was formed. L. Frank obtained the impure nitride by heating a mixture 
of aluminium powder and lime or calcium carbide in air. K, Kaiser prepared 
the nitride by the action of nitrogen on the heated sulphide. According to 
A. C. VoumasDSi an impalpable i)owder of aluminium forms the nitride when 
heated with many organic nitrogenous compounds ; thus, with thiocarbamide : 
2A1+CS{NH2)2--2A1N+H2S+H2+C ; and with potassium or ammonium thio- 
cyanate : 2Kt^8+2Al=K2^+2AlN+2C, but there is a secondary reaction : 
2K282+2A1N+2C=A128 s+ 2KCN-1-K2S. Washing with alcohol gives a residue 
of carbon and aluminium. He also found that aluminium at decomposes 
cyanogen and hydrogen cyanide, forming the nitride ; and the same product is 
obtained by adding powdered aluminium to fused potassium cyanide— wde supra, 
boron nitride. 


Aluminium nitride is manufactured commercially in 0 . Serpek’s method of 
nitrogen fixation. Here, finely divided alumina or bauxite is mixed with carbon 
and heatt^d in an atmosphere of nitrogen whereby aluminium nitride is formed : 
Al203+3C+N2=2A1N-|-3C0. Bauxite reacts at 1550 ”, and alumina at rather a 
higher temp, owing to the favourable effect of the impurities — ^iron, silicon, nickel, 
manganese, and titanium oxides. The two first-named arc the most active. 
0. Serpek said that the reaction is facilitated by gases with a small proportion of 
hydrogen chloride or sulphur dioxide, but S. A. Tucker and H. L. Read found 
sdphur dioxide to be harmful. The Badische Anilin- und Soda-Fabrik studied the 
effect of catalysts. The formation of the nitride from alumina and coal is greatly 
accelerated by the presence of 5-10 per cent, of oxides which can themselves form 
stable nitrides — e.g. those of silicon, titanium, zirconium, molybdenum, vanadium, 
beryllium, cerium, uranium, and chromium — as well as silicates, titanates, vana- 
dates, etc. Silica is preferred on account of its cheapness. The presence of iron 



oxide and the other impurities in bauxite does 
nut affect the catalytic agent, so that low-grade 
bauxite can be employed. 

The plant employed by 0 Serjiek conauts of two 
BUperpOMMl rotating cylindrical kiliiR, A, 0, Fig. 14, 
slightly inclined iowaids one another and rotating in 
opiMMite directions. In the upper one, A , the powdertnl 
bauxite is introduood, and in its descent it is calcined 
and heated to about UOU** by the liot ascending ganoH. 


Fjo. 14.— Diagrammatic Kepre- The calcined mass falls into the hopper, ( in the cham- 
sentation of 0. Serpok’s Aluini - ber, B, when it is mixed with 1 ho proper amount of coal 
nium Nitnde rrocess. ^he Jiopper, D, The mixture enters the nitriding 

kiln, otd openings, JS, and then passes through a 
zone lieated to 1800 °- 1900 ^ by the detachable electric fumaoe, F, and lined with briquettes 


of aluminium nitride. The nitride collects in the chamber ii, Producer gas pasm from 
the producer K, enters the nitriding kiln flowing contrawise to the charge, is enriched by 
the carbon monoxide generated by the nitriding reaction. It leaves the kiln 0 and rising 
into the chamber B meets a current of air from a, b, c, d, it then enters the chamber A, 


and bums to carbon dioxide. O. Serpek stated that a mixture of hydrogen and nitrogen 


gives better results than producer gas in the rotaiy furnace, He also abandoned the rotary 
furnace in favour of a short chamber. The carbon-bauxite mixture was drop])ed through 
the nitrogen at 1250 ‘'-1 300°, and the conversion is said to take place more rapidly tlian the 
5-0 his. required m the rotary kiln. The aluminium mtride is then denomposed by water 
or alkali-lye, preferably, when ammonia is formed: AlN+3H|OaBNH,H-Al(OH)s If 
alkali-lye be u^, the nitrogen is thus recovered as ammonia, and tlie alumina, virtually 
free from sihea and iron, can be used for the production of a,|umina. The Kadisrhe Anilin- 
und Soda-Fabrik studied tlie best methods of treating tlie uitride with acid or alkali so as 
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to recover the ammonia. The preeonoe of soluble salts, like sodium chloride, favour the 
Dliminatibn alkali-lye. W. Borchers and E. Beck tried a prot^ess involving electrolysis 
as indicated m connection with the alkaline earth nitrides— vfde si/pro. O. Sorpek^s pro- 
oQBB has beon discussod by 'L\ H. Norton. E. Doiiath and A. Indra, J. W. Richards, O. Nisaen, 
E. B. Mastod, C. Matignon, F. Marro, Q. L. Bourgerel, W. von Kseber, E. Bnmnert, 
M. Shoold, G. Berman, etc. 

0. Serpek first used aluminiuoL carbide as the raw material; and N. Oaro 
bhowod that the absorption of nitrogen was then probably preceded by the dissocia- 
tion of the carbide into carbon and aluiuininm. Better results were obtained 
commercially by heating a mixture of alumina and carbon in a current of nitrogen 
or producer gas ; and 0. Serpek here assumed that aluminium caibirle is first formed, 
but tlicre is no need for this assumption. S. A. Tucker and II. L. Read found that 
very little change takes place when the mixture of alumina and carbon is heated 
in nitrogen at 1600'* ; the reaction proceeds well at 1800°-2000° ; but above 2000^ 
there are signs of a decomposition of the nitride. W. Frknkel showed that the 
velocity of absorption of dry nitrogen by a 2 : 1 mixture of alumina and carbon, is 
viTy small at 1350^ ; it increases to a moderate speed at 1500°, and above that 
temp, the absorption is rapid. Thus, in 30 mins. : 

1S50'‘ 1400” 1450” 1500* 1560* 1500^ 

Nitrogen absorbed 0*2 2-] 4*4 8 19*6 24*5 per cent. 

S. Peacock and E. I. du Pont found that a 3 : 1 mixture reacts with nitrogen at 
IDOCr below 500 mm. press., forming alum'yaium carhonUride, AI^CsNq, thus; 
AI 2 O 3 +GC-I- 3 N 2 — Al 2 ( gNo+SCO ; but W. Frankel oliservcd no indications of 
the lurmatinn of such a compound^ at press, down to 250 mm. By working in atm. 
with variable proportions of nitrogen and carbon monoxide, he was able to show that 
llie reaetion : Ai 203 + 3 C+N 2 ?=^ 2 A 1 N+ 3 C 0 , is reversible. At one atm. press., 
and 1500^ the equilibrium cone, of carbon monoxide is between 25 and 40 per 
cent. ; and at 1600°, between 50 and 65 per cent. At 1700°, nitrogen was still 
absorbed from an atm. with 70 per cent, carbon monoxide. Hence, by working 
with producer gas, a higher temp, is required than when working with an atm. of 
nitrogen, W. Hooi)es, and N. F. 0. Palada made an impure nitride from tbo 
nitrogen in flue-gases. According to JI. J. Krase and co-workers, if a ferro- 
alumiiiiuTi) containing 50 pc^r cemt. aluminium is heated at 1400° in nitrogen 
under atm. pn*ss., about 60 piT cent, of the fllumiuiiim is converted into nitride. 
The pn'sencii of small amounts of magnesium promotes nilrificaiion, whilst calcium, 
silicon, and liianium have the opposite efiect. If small quantities of cryolite, or 
of the chlorides or fluorides of aluminium, magnesium, sodium, or calrium tin*. 
present, nitrilication may be rapid and practically complete even at 1200°. With 
fenotitanium or aluminium carbide at 14tK)‘’ the absorption of nitrogen is only 
about 20 per ceni . of the theoretical, and with feirosilicon, 2 pc^r cent. C. Matiguon 
found carborundum crystals in aluminium nitride made by passing nitrogen over 
a heated mixture of alumina and coke — ^the silicon was derived from the silica in 
the coke. 

Aluminium nitride has been reported as a pale yellow, medium yellow, and 
and bluish- or greyish-blaek powder ; and that prepared by J. W. JUallet was said 
to have some sboii rhombic piisius with the cud faces making an angle of 120°. 
II. Ott found that the X-radiogram gave no evidenee of a pujar structure of the 
wyhtals. The crystals arc hexagonal, with a- 3-113 A., and c=l*601. The alumi- 
nium and nitrogen atoms are separately distributed in close, spherically packed, 
hexagonal lattices which are slightly compressed in the direction of the six-fold 
axis of symmetry, and displaced in the same direction. The basal group comjiriscs 
two molecules, and each atom of cither kind is surrounded ti*irahedrally by four 
atoms of the other kind arranged at a uniform distance of 1-894 A. W. llume- 
Rothery, and H. Or, Grimm and A. Sommcrfeld discussed the electronic 
Btructure, H. Herzer gave 3*046 to 3*063 for the sp, gr. at 2674°; 13*4 
VOL. vm. 1 
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for the mol. voL; and >1400° for the temp, of decomposition. 0. Matignon 
said that aluminium nitride does not melt at 2200^, and at higher temp., it dissociates 
into its elemi^ntB. K. F. Niessen studied the ionic charges in the crystals of the 
nitride. E. Fricdcrich and L. Sittig gave 2200° for the m.p. under 4 atm. press. 
U. Hardtung gave 1100° for the temp, of formation and 1400° for the temp, of 
decomposition of aluminium nitride. The formation of the nitride is a strongly 
ondothermal reaction. J. W. Richards gave — 213*22 Cals., and W. Frankel, 
*243 Cals. F. Fichter and E. Jenny gave (A1,N)=>6]’0 Cals.; and 2A1N+30 
=Al20s+N2+25B*2 Cals. ; and for the heat of oxidation : 2A1N+30 
ss^ALOs+^sH 258*2 Cals. R. W. Riding and E. C. C. Baly studied the action of 
the cathode rays on the nitride. 1. I. ShukoC found that the eiectrical resist- 
ance of the powdered aluminium nitride exceeds 2x10" ohms. H. Hardtung, 
and F. Fichter and A. Spengcl said that hyirogvn is without action on the 
nitride ; but, according to F. Fichter, it decomposes when heated to redness 
in oxyyen, forming alumina and nitrogen; and, according to J. W. Mallet> 
when heated in air, it becomes grey owing to the separation of alumina, but 
even after two hours’ roasting in air, it still contained nitrogen. In moist 
air, the nitride gradually beconie.<i sulphur-yellow and it crumbles to powder, 
forming aluminium hydroxide and ammimia. It is decomposed by wain 
giving oil ammonia : A1N-| Sll^O AI(OH)3. The Badusehe Aniiin- uud 

Soda-Fabrik worked out methods for treating the crude nitride to recover the 
ammonia, and obtain alnniinium hydroxide ot a high degree of purity. Thus, 
the crude nitride containing say silicon nitride can be treated with liiiiitetl amounts 
of acid or alkali so as to obtain the alumina in a soluble fortii free from silica. It 
is a].so possible to arrange the projioriion of acid or base so that the aluminium 
hydroxide remains insoluble : 2A1N|II2S04 1 KIlwO - 2A1(01J)3 | (Nll4)2S04. 

F. Fichter and A. Spengel said that dry htilogrm act slowly on the niliide— 
decomposes it at 760", thus: 2AlN-f3Ulji- 2AI(’ljj-)“Ko ; wliili* dry hjdrcyen 
chhridv at a red-heat merely volatilizes some of the impurities in the nitride ; 
but C. Montemartini and L. Losana found the nitrogim can be thus converted to 
ammonia and aluminium chloride i.M formed. The nitrogen is ]iartly displaced 
when the nitride is heated with s^dphur, and with carlwn disulphuie vapour. The 
nitride is rapidly decomposed by fndphur chhridv vapour ; and by heating with a 
mixture of 10 c.c. of rone, sulphuric acid and 40 c.c. of water. When heated with 
phosphmusj the nitrogen is partially dLsplaced, but phosphorus Irirhloridc is with- 
out action. There is no reacliun with carbon at 12CK)^ and carbon dioxide acts as 
an oxidizing agent. 11. Hardtung observed no formal ion of cyanide with carbon 
monoxide or carbon dioxide. F. Fichter and A. Spengel found that when aluminium 
nitride is fused with a mixture of alkali carbonates^ and carbon, a large jiart of the 
nitride is converted into cyanide. Aluminium nitride and alcohol, at 230°, 
form trieth>lai line. Fused potassium hydroxide dcrom])OHeB tlii> nitride: 
A1N+3KOH-- K3AIO3+NH3 ; and the rciiction w’ith sodium dioxide is incomplete 
— ^some nitrate is formed. Fiused lead dvehromate decomposes the nitride completely. 
N. Tschiscliewsky found that aluminium nitride dissolves in iron, ami if aluminium 
is present in iron, it can retain and hold nitrogen as aluminium nitride. 

F. Fischer and co-workers reported indium nitride^ luN, and ihallinin nitride, 
TIN, to be formed by the process outlined in connection with Fig. 11. According 
to E. C. Franklin, the interaction of liquid ammonia solii. of thallium nitrate and 
potassamide accordiug to the equation : 3TlN03-|- 3KNH2--Tl3N-f 3KN03-f-2NH3, 
yields a dense black precipitate of the thalloos nitridei TI3N, which is readily soluble 
in excess of potassamide and also in liquid ammonia soln. of ammouium nitrate. 
In the latter case, the thallium nitride is reconverted into nitrate, thus: 
TI3N-I-3NH4NO3- BTlNOs-f 4NII3. E. Friedcrich and L. Sittig obtained scandium 
nitride, ScN, by heating a mixture of the oxide and carbon in nitrogen gas. 
E. Friedeiich gave c. 2'J2U° for the m.p. and said that no perceptible volatilization 
occurs at the m.p. He gave 3*08 ohms for the sp. electric^ resistance. E. Becker 
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and F. Bbert found that scandium nitride has cubic ciystals with an X-radiogram 
corresponding with a density 4*21, and an elementary cube of side 4*M A. 
L. Pauling discussed the lattice-structure. E. Friederich and L. Bittig gave 4*2 
for the sp. gr., and 2650" lor the m.p. There is no perceptible voU^ation 
at the m.p. C. Matignon prepared lanthanum nitride, LaN ; praseodymium 
nitride, FrN; neodyiAum nitride, NdN; and eamaiium nitride, SaN, by 
heating a mixture of the oxide with powdered magnesium or aluminium in 
an atm. of nitrogen; or heating the chloride with sodium in an atm, of 
nitrogen. W. Mutbinann and K. Kraft found tiiat lanthanum does not bum 
in lutrogcn, but the metal absorbs the gas at a red-heat, 550'"-900". When 
lanthanum is burnt in diy air, more than hall is converted into nitride ; the union 
of lanthanum with nitrogen coimnenccs at a lower temp, than is the case with 
oxygen (440°-460*'). It is also formed when lanthanum is heated in dry ammonia. 
A. C. Vouinasos made lanthanum nitride by heating the metal in cyanogen or 
hydrogen cyanide at 750°, or by adding the finely divided metal to luspd potassium 
t'^aniile os in the case of boron nitride — mde supra. Lanthanum nitride is stated 
by W, Muthmann and K. Eralt tn be a dull black solid which slowly decomposes 
in luniht air with the evolution of ammonia. It reacts with water less violently 
than eerinin nitride: IjaN-| 31120— La(OH) 3 -|-NH 9 ; and with acids it forms 
siilts of lani hanum and ammonium. G. Tammann measured the rates of formation 
«if lanthanum nitride. £. Friederich and L. Bittig obtained impure ytterbium 
nitride, and lanthanum nitride, by heating a mixture of the oxide and carbon 
m iiitingcn. £. FricdericiL and L. Bittig made ertuum nitride, ErN, by the action 
of nitrogen on a heated mixture of erbia and carbon. 

The carbon nitrides arc Tei)Te8ented by cyanogen as a type ; and these com- 
jirmnds are ilisciihsed elsewhere. Three s^con nitrides have been reported, viz, 
iSiN, SijNj, and Si 2 N 3 , H. St. V, Deville and F. Wohler a® employed an ingenious 
lurthod for ])re])aring silicon nitride. CrystaUine silicon was ])laced in a crucible 
was [flaeed in a larger crucible with carbon packing in the annular space 
hctw( I n the two rrneibles. The combination was heated white-hot. The penetra- 
lirui of oxygen from the air to the inner crucible was prevented, while atm. nitrogen 
rould pass the carbon into the inner crucible. The preparation of nitrogen as a 
si‘])ar.ite process is not Iheiefore. necessary. G. Tammann said that no reaction 
occurs lietweeii nitrogen and silicon at 700'\ The union of the two elements fur- 
i)i<\\Vb silicon hemitrinitride, BioNg. P. Behiitzciiberger and eo workers obtained 
tlie sairiu while product ; they removed the free silicon by washing with potash- 
Jyc. 

Aii'oiilinp to J* Krliutzonbor^er and A. Poison, Cttthazot’biUnHnif or biUron t/icarbo- 
urOff/f, iSijI j\, is funned ^^lien eryhialliznd silieon is healed to whitPiiera in a brasquod 
lunililo. Tiie producL, nfter ashing with boilmc potash to romovo silicon, and treat- 
iniMit ^vlth liyrlroftiiurii' acid to ri'move silica and bilicon nitride, is a bluiEih-grf.ion, pul- 
vuuleiit mohfl Silicon dicarhoiiitridQ is insoluble in alkaHes and in all aoids. Heated 
to ndiiess in oxjgen or with ciipnc oxide, it undergoes no sciHiblo change, but when 
hiultul wjth lithurg<', lead dioxide, or a mixture of litlmrge and lead chromate, it burns 
hnlliiinlly, with formal ion of oxides of nitrogen and carbon dioxide. L. Weiss and 

hiiULdhardt found that heating silicon in the flame of a coke tiro gives a product approxi- 
ninijiL,r Aih(o/r lnrat^wintndc, A. Poison obtained aiUcon cyanide, SjC'}', by tJie 

acUitn of moreuiio cyanide cm silicon disulphidn in dry benzene. 

Arciiiding to L. WOhler and 0. Hock, when nitrogen is passed over calcium dUilicide 
heated at llfiO®, a grey mass containing about 22-5 per eent. of nitrogen is formed This 
consists prmeipallv of calduui sUleoc^iDamide, or i^oliun sHloodlnltilde, CaSiX,, ealdum 
sllicocyanide, ur ' ealdum didlieodinttride, Ca(SiN)|, and silicon, 2PnSi,+2N, 
= CaHiN,-f Ri-| Pa(RiN)„ together with smaH quantities of calcium nitride, CasN,, and 
Silicon nitride, SigN,. Under similar conditions, oalcitim monosiJicide yields first on inter- 
niofliato product, ealdum lUiNBltiide, PaKiN, or Ca,Si,N„ Ca,Sij+N|— Ca|Si,N|; and 
tlmn calcium siiicoLyaiiiunido, Ca|Si|N|+N|s2CaSiN|, but a conbidemblo portion of the 
iiionobiiiride is transformed into disilicido and calcium during tlie heating. Neither calcium 
Hilicr)cyai\AQi[ilQ siliconitrido could be isolat^ from the reaction products, 

hut iKith substancoH dissolved in hydrochloric acid without soporation cf sihra. This rate 
ef absorption of nitrogen by calcium disilicide is greatly acoeleroted by addition of calcium 
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chloride or of less than 6 per cent, of caloiuni fluoride to the reaction mixture and takee 
place at temp, aa low as in the preeonoe of these catalysts. In tlie presence of 50 per 
cent, of calcium ohlorido, a mixture of lime and forro-BiUcon runtaining DO per cont. Si 
absorbs 20*7 jwr rent, of nitrogen at lOhOMlOO”, fonning rnlrium silioocyonarnidn and 
calcium meta^cato. Barium oxide and magnesia under similar conditions give analogous 
products. Calcium silioocy snide is insoluble in hydrorlilorio acid, but. soluble in a mixture 
of hydrofluoric and sulphuric acids, to whidi it yields its nitrogen as anmiouium salt. 

A. Oenther said that the leaction between silicon and nitrogen occurs only 
slowly below the m.p. of silicon ; and at a bright red-heat, calcium or magnesium 
silicide in an atm. of nitrogen fuinishes only the nitride of the more basic element, 
the silicon separates in its elemental state, E. Vigouroux observed no reaction 
between amorphous silicon and nitrogen at 1000°, but at a liighcr temp., a nitride 
was formed. H. Mehncr obtained the nitride from a heated mixture of silica and 
carbon in an atm. of nitrogen. According to L. Weiss and T. Engelhardt, when 
silicon is heated in a porcelain boat in an atm. of nitrogen, combination begins 
above 1200°, since they found that after half an hour's heating at different temp., 
the nitrogen absorbed per gram of silicon was : 

1205“ 1300“ 1310“ 1320“ 1400“ 14H0“ 

Nitrogen O'OOOl 0-0001 0-0002 0 0014 0-0049 0 0061 gram 

N. Tschisehewsky made the nitride by working at 1400^. About 4 per cent, of the 
silicon volatilizes during the reaction. The product obtained after heating tlie 
silicon in nitrogen for an hour is an amorphous, voluminous, wliite powder which, 
under the microscope, seems to consist of several different substances. Tln^ com- 
position of the final product is dependent on the mode of purification ; if boiled 
with potassium hydroxide soln., followed by treatment with hydrofluoric acid, a 
product containing silicon hemitrinitridc mixt^d with silica is obtaiiietl. The 
silica could not be removed from the nitride. M. Blix and W. Wirbelauer 
obtained the nitride by heating silicam, 8i2N3lI, between 1200° and 1400°; and 
H. St. C. Deville and F. Wohler, by the action of ammonia on silicon chloride. 

According to }\ Schiitzonborger, wlien Rilicon tolrachlnrido ih Rfit. vith dry amniDiiin, 
a white compound, silicon tieramtriihhydrotnchlornlr, SigNioC'lgiJ, ii fonuod, and Duu 
is decoropo^ by water with the Reparation of riliru; wlirn heated in a iMirr^nt of 
ammonia, sih'caYH, Si^N^H, is formed. Latnr, T. SrliutzrTitK'rgor said that dry anuiirtnia 
converts silicon tetrachloride into N<7icon/{praai/ridodir/tion'di,SigNg01|, tlajs: rnSil'h i ZtN'llg 
Kl8NH|Cl-i-5igN,Cl3 ; and this when heated with ammoiiia forms ^iliiani, ^Si^NiCl^ 
-|-7NHg=4NI]|GlH-5Si|N|H. This subject wss discussed by J. J'erboz, and J. A. Behtion. 

According to H. St. C. Deville and F. Wohler, and P. ScliiitzenbfTger, silicon 
bemitrinitride is a white, amorphous substance which does not melt in ordinary 
furnaces. W. Jevons attributed the bauds in the spoc.trum of silicon tetrachloride 
with a little air to the formation of a silicon nitride. K. S. Mulliken, E. Woldering, 
and W. Jevons studied the band spectrum of silicon nitride. According to 
H. St. C. Deville and F. Wohler, and V. Schiitzenberger, silicon liominitride is 
not altered when heated in air; but in moist air it slowly doeompoHoa, and 
smells of amuionia. The same remark applies to the action of water at ordinary 
temp. It is decomposed by steam, with tlie formation of amorphous silica. 
The nitride is decomposed by hydrofluoric acid, forming ammonium fluosilicate, 
and, according to F. Schiitzenberger, liberaling ammonia. Dry chlorine has nu 
action at a bright red-heat; and aq. acids and alkalies have no action on the 
nitride. Molten potassium hydroxide dissolves it with the liberation of ammonia, 
and the formation of potassium silicate; molten i)(;tussium bydroxidi* forms 

E otassium lyanate, and if the nitride is in excess, potassium cyanide. When 
eated with led-lead, nitrogen trioxide is formed with incandescence, and when 
fused with lead dichromatc, nitrogen gas is given ofl. L. Weiss and T. Eiigel- 
hardt gave 3*22 for the sp. gr. of the product with 19*84 per cent. SiO^, and 3*64 
for the pure nitride. Its properties resemble those of the normal nitride. 

L Weiss and T. Engelhardt found that if the product of the action of nitrogen 
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on silicon at 1SOOM400^ be treated with a mixture of nitric and hydrofluoric 
acids, the hemitrinitride is probably broken down, because the residue has the 
composition of silicon numoDitridev or silloooyanoBOn, SiN, plus about 13-55 per cent. 
S 1 O 2 . The sp. gr. of the impure nitride is 2*99, and of the pure nitride, 3*17. It 
loses 36-6-44'8 per cent, of its nitrogen content by heating 3-6 hrs. with oono. 
biilphuric acid. Its properties resemble those of the normal mtride. F. ^hlitzen- 
berger claimed to have prepared this nitride in 1B79. 

L. Weiss and T. Engelhardt showed that if silicon be heated between 1300° and 
1400° in an atm. of nitrogen, the progress of the abHoq)tiDn from hour to hour is 
AS follows : 

rfinx) , let 2nd 3rd 4ih 6th 6ih 7th 

Inrmiso 111 22*47 11*6S 10-87 4*74 1*81 0*92 0*05 per cent. 

sn that the total amount of nitrogen absorbed was 58'54 per cent. This corresponds 
^rrv nearly with that required for normal silicon nUride, or silicon txitatetra^ 
mtiide, Si 3 N 4 . F. Schlitzenberger claimed to have prepared this nitride in 1879. 

K. Friedericb and L. Sittig made it by the action of silica, carbon, and nitrogen at 
1200°-1300''. Aerording to H. Funk, the finely divided silicon obtained by cooling 
a 10 per cent. soln. of that element in aluminium forms this nitride after 10 mins.’ 
heating in nitrogf^n at 1450°, whereas crystalline silicon requires several hours, 

L. Weiss and T. Engf^lharrlt found that this compound is a greyish-white anior- 
phuiiH powder, whose sp. gr. when contaminated with 9-67 per cent, of silica was 
3-20, thus leaving 3*44 for the pure nitride. E. Friederich and L. Sittig gave 3*44 
for the sp. gr., and said that the crystals are not cubic. They gave 1^° for the 
in.p. under press., and found that the nitride sublimes before melting. The electrical 
icmstdiice is very large. Silicon nitride is very inert chemically. Water vapour at 
100° has very litile action, the merest trace of ammonia can be detected ; a similar 
rohuli was oblainerl with superheated steam at 800°. Dil. acids, excepting hydro- 
fluoiic atid, have no action ; but heating with cone, sulphuric acid results in the 
elow production of ammonium sulphate— after 3-6 hrs.’ heating, 42-1-45*8 per 
cent, of the contained nitrogen was given off. Hydrofluoric acid decomposes the 
nitiirle, esjiceially after a preliminary treatment with potassium hydroxide, forming 
ainuioiiium fluosilicatc ; but it is fairly stable in contact with a mixture of nitric 
and hydrofluoric acids. Ammonia is evolved when the nitride is fused with potas- 
Biiim hydroxide ; and when heated with potash-lye, nitrogen is given off. Lead 
ehiomale, lead dioxide, and load monoxide are reduced with the evolution of 
iiiirogen. N. Tschischewsky fnimd molten iron dissolves about 0-75 per cent, of 
bilic'on nitride. 

'J lie l^ndisclje Amlin- uiiil Soda-Fnbrik preimred a mtride of undpterniined composition 
l)> hcflluig a mixture of silica and carbon m an atm. of mtrogrn. The reac^tion proceeds 
ut a lelhlively low temp, if a droxide or salt of a metal be added. The product rontain<« 
Mliroii nitnde mixed with the nitndo of tliometoL TheBadische Anilm- luid Soda-Fabnk 
also removed many of the impiuities — iron, carbon, silicates, carbides, silicides, and phos- 
pliidcb — by treatment willi acids or mild oxidiring agents which do not affect the silicon 
nitririr A 8 Lanen and O. J. Storm prepared the nitride by the action of nitrogen on 
inolti 11 sJlinidoB — I* g fprrosilieon. 

In 1850, F. W5bler drew attention to the magnitude of the affinity of nitrogen 
for titanium, for the two elements readily unite together at a high temp.,forimng 
titanium nitride ; and F. Wohler and H. St. C. Deville said that it is difficult to 
prepare titanium by reduction because of the penetration of atm. nitrogen into the 
heated vessel and the consequent formation of thi* reddish-brown nitride. Four 
niLrides have been rcfiorted, viz,, TiN, TigNa, Ti 3 N 4 , and TiNg. There is some doubt 
about the chemical individuality of the first, secoiul, and last of these substances. 
F. W older and H. St. C, Deville obtained the nitride by heating a mixture of sodium 
and potassium fluotitanato in a porcelain boat in a hard glass tube through which a 
current of nitrogen was passed. The salt was transformed into a bronze-coloured 
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mass of the nitride. They also obtained titanium nitride by paseing a mixture of 
hydrogen and nitrogen, carrying the vapour of titanium tetrachloride, over molten 
fiodium, or aluminium ; by passing nitrogen over a fused mixture of potassium 
duotitanate, sodium chloro^uminate, and aluminium. H, Mehner heated a 
mixture of titanic oxide and carbon in an atm. of nitrogen. A. E. van Arkel and 
J. H. de Boer obtained the nitride by passing the vapour of the chloride mixed 
with nitrogen over a heated tungsten filament. 0. Taininaun noted a formation 
of a film of nitride vhen titanium ia heated in nitrogen. F. von Bichowsky 
described the manufacture of this compound. The Titan Oo., and F. von Bichowsky 
and J. Harthan obtained impure titanium nitrides for the production of ammonia 
by treatment with acids. 

C. Friedel and J. GuMn claimed to have prepared titanium mononitride» or 
titanocyanogen, TiN, or Ti 2 N 2 , by the action of dry ammonia on titanic oxide, 
or titanium sesquioxide at a red-heat ; by heating titanium tritatetramiridc at a 
dull red-heat in a stream of dry hydrogen or ammonia ; and by the action of cyanogen 
on a mixture of titanic oxide and carbon at a bright red-heat. IJ. Moissan obtained 
it by melting titanic oxide— with or without carbon— titaiiiiim, or titanium carbide 
ill a high temp, eloetrie furnace. E. Friederich and L. Sit tig made it by the 
action of carbon or hydrogen on titanic oxide at 1800° followed by treatment 
with nitrogen. L. Weiss and H. Kaiser obtained it by healing titanium in a 
stream of nitrogim in a porcelain tube at 14(X)° ; and 0. KulT anil F. Eisner, 
by heating the tetratritanitride in a stream of ammonia at H. Hard- 

tuug obtained the nitride by heating titanium in ammonia for C lirs. at 
DOOMOUO®. G. G. Henderson and J. C. Gallctly prejiared a nitride by the 
action of ammonia on heated titanium. The Badische Anilin- und Soda-Fabrik 
has discussed the purification of the nitride by the process indicated in coiiniTrion 
with silicon nitride. H. Moissan described it as a hard, tough, fusildc, bronze- 
colourcd mass which has a sp. gr. of 5*18, and is hard enough to scrati^h the ruby, 
but can be scratched by the diamond ; 0. Rufl and F. Eisner gave b-lO for the sp gr. 
at 18"' ; and C. Friedel and J. Guerin say that it is an amorplious, brtiss-yidlow 
powder which has a sp. gr. of 5-28 at 18°, and is hard enough to scratch the tojiaz. 
H. Herzer gave 5*122 for the sp. gr. at 2574"*; and 12*1 fur the mol. vol. 
E. Fricclcrich and L. Sittig gave 5*18 for the sp. gr. ; 2'.)27° for the m.j). ; and found 
the space-lattice to correspond with a face ceutred cube of the sodium cliloridc 
type with edge 4-40 A. ; A. E. van Arkel gave 4*23 A. There are 4 mnls. in 
each elementary coll. The compound melts at 2030° and docs not sublime before 
melting. It is a good conductor of electricity, the sp. resistance being 1 -3 X 10 ^ ohm 
at room temp., and 3'4x 10~^ ohm at the m.p. 1. 1. Rhukotf observed thal the elec- 
trical conductivity of powdered titanium nitride, 31 *05 mhos, is of the same order 
as that of the metals, and he therefore argued that the titanium nitrides are 
not chemical compounds but solid soln. of nitrogen in titanium. C. Fnerlel and 
J. Gudrin showed that when heated in air, it oxidizes to titaiiio oxide ; with 
molten potassium hydroxide, it furnishes ammonia ; it is dissolved by sulphuric 
acid with the evolution of sulphur dioiade ; and when heated with copper oxide 
t<o redness, the nitrogen is all driven off. E. Friederich and L. Sittig found the 
liTOuzc-yellow nitride is insoluble in boiling sulphuric, nitric, or hydrochloric acid, 
but it ia quickly dissolved by hot aqw regia ; boiling potash-lyo or soda-lye 
fumishes ammonia. 0. BuS and F. Eisner said that neither chlorine gas at 270°, 
nor liquid chlorine is able to convert it into chloronitridc ; and 0. Moiitemartlni 
and L. Losana showed that when the nitride ia heated in a current of hydrogen 
chloride, titanium chloride and ammonia are formed; and they studied the 
partition of dry or moist oxygen and nitrogen between titanium. 

F. Wohler said tliat titanium pentitah^xmiiridf, Ti,N,, is fonned when the tetratri- 
tanitride M heated in a current of hydrogen until, below redness, the evolution of ammonia 
beginB. It is said to remain undeo^pc^ when heated in air at about 1083"*. 0. Friedel 
and J. Qu^rin said that this compound is an impure form of the mononiinde. F. WOhlor 
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calcined titooio oaddo in a atveam of diy aminoma* coolod the mduot in the same gas, and 
obtained what he regarded as fitamum tUnUride, TIN,. 0. RujS claimed to have made 
the dinitride hy heating titanic oxide to at leckat 1000^ — ^better at 1400°-1500°— in a 
runent of dry ammonia. H. Geiaofi did not obtain it by the action of ammonia on liquid 
titanium tet^uoride. V. Wbhler and H. St. C. DeviUe did not obtain it by strongly 
heating titanic oxide in a current of mixed hydrogen and nitrogen gaaea. The dinitride 
was aaid to be a dark violet powder with a coppery^ appearance Uke eublimed indigo. Ita 
pioporties reecmble tliose of the hoxapcntitanitiide. C. Fiiedel and J. Gui^nn, and 
r. Honnann regarded the dinitride aa an impure form of tlie monoiiitride ; and O. Kuil and 
K. Kianer say that the nitrides TiaN, TiN,, and TiBN 4 are impure forma of TiN. 

H. Bose's first report of the isolation of titanium shows that he had mistaken 
what F. Wohler called Stichtoffiitan for elemental titanium. This substaDco is 
really titanium tritatetranitride, T^N^. It is also probable that the titanium 
reported by C. Despretz to be formed from titanium tetrachloride as a brown powder 
uas really this nitride. II. Bose, J. Persoz, and J. von Liebig obtained it by the 
action of heat on titanium amimnochloridc ; F. Wuhler, by passing the vapoms of 
ammonium and titanium chlorides through a red-hot tube. H. Goisofi used a mix- 
ture of the vapour of ammonia and titanium tetrachloride. B. A. Schneider found 
that F. Wohler’s nitride always contained up to 5*4 per cent, of oxygen. C. Friedcl 
and J. Guerin recommended driving the air out of the apparatus with a stream of 
hydrogen chloride. 0. Bui! and F. Eisner, and N. Wliitehouse obtained this 
nitride by heating 1 Itanium amininochloride in a stream of ammonia. J. von 
fjipbig described this nitride as forming a dark violet-blue powder, or coppery- 
looking mass resembling sublimed indigo. W. Hermann said that the violet 
colour produced by tiiamum m the blowpipe bead with fused microcosmic salt is 
really titanium nitride ; and suggested that titaiiinin nitride may be the pigment 
in the amethyst. C. Friedel and J. Guilin said that it forms what are probably 
rlioinbohedral crystals. K. Becker and F. Ebert found the X-radiograin of the 
cul)ic crystals concspoinled with a sp. gr. 4-81, and an elementary cube of side 
4*40 A. 11. Bose said that a thin lilm on glass is red in reflected and green in trans- 
mitted light. F. Versindun said that a bright yellow colour is formed wlien this 
nitiide is heated in h/drof/rn; but 11. Hardtung obtained only one per cent, of 
aniiiuinia during an hour's action of hydrogen on titamum nitride at 100U^ In 
1872, U. M. Te&sie du Motuy suggested obtaining nitrogen from the atmosphere 
by first making the tritatetranitride, and then sphtting of! nitrogen and ammonia 
by heating th<» product in a current of hydrogen so as to produce the monouiiridc. 
The niononitridu can he transformed into the tritatetranitride by heating it in a 
current of nitrogen, and thus the cycle bcgiiut anew. According to F. Wohler, 
when heated m air, it oxidizes to titanic <»xide in a crystalline form. When the 
oxidalion is nearly ended, the product emits a noise possibly due to an allotropio 
change m the titanic oxide. The nitride forms titanium tetrachloride when heated 
in chlorine, and if an intimate mixture of nitride and carbon is heated in chlorine, it 
does not form TiCl 4 .C}^l. G. Montemartiiii and L. Losana observed that wlien 
heated m hydrogen chloride, the nitrogen is quantitatively converted into ammonia. 
H. IJardtung observed no formation of cyanides during the action of caibon niotf- 
ont/e or of carlton dioxiilc on titamum nitride. The Badische Auilm- uiid Soda-Fabrik 
riporti^d that if this nitride be mixed with carbon and the oxides, or salts of the 
alkali nr alkaline earth metals, and fused, cyanides or cyanamides are produced. 
0. Ilufi and F. Eisner said that the nitndc is insoluble in dil. tzcid^ ; it is decomposed 
by hot cone, sulphuric add, and cone, nitne acid, especially if /lyi/rq/faoric acid be 
also present. 11. Bose found the nitride dissolves with difficulty in hot nitric 
i^cid, but readily in agua regia, M. Wunder and B. Jeanneret found that titanium 
uitride is o]>encd up by heating it with phosphoric acid of sp. gr. 1'75. 0. Buff and 
F. Eisner said that tlie nitride is decomposed by a boilmg soln. of potassium 
nydroxidc, 1. 1. Shukoff considers the so-called titanium uitride to be solid soln. 
fl. B. Landmark patented a process for fixing the nitrogen of the atm. by means 
of titanium nitride and the subsequent conversion of the nitrogen into ammonia. 
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like titanium, zirconium readily forms a nitride wken heated in an atm. of 
nitrogen. This was demonstrated by J. W. Mallet , ^rho worked with ziroonium 
contaminated with aluminium; by E. Wedekind, who worked with a metal 
contaminated with magnesium ; and by C. Matignon. E. Wedekind abo obtained 
the nitride by heating the carbide to r^pss in an aim. of nitrogen. J. W. Mallet 
heated amorphous zirconium in a lime crucible at about 1750^. Amorphous zir- 
ronium in an atm. of ammonia at a dull red-heat forms the nitride with incan- 
descence, E. Wedekind, and F. P. Venable and R. 0. Dietz found that when 
zirconium chloride is heated in ammonia, or amorphous zirconium in cyanogen 
gas, the nitride is formed. Two nitrides have been reported, ZT 2 N 3 , and Zr^Ng. 
The former is the more clearly defined. Powdered zirconium, dried, and freed 
from gases, roinbinns directly with but relatively small amounts of nitrogen when 
heated in that gas below 1000° ; thus, at 800°, the metal look up LG per cent, of 
gas, but when heated to 1050°, the metal acquired a yellow or olive-green colour, 
and finally became grey. The product contained 9*21 per rent, of nitrogen corre- 
sponding with zirconium : nitrogen=3 : 2 . A. E. van Arkcl and J. H. de Roer made 
zirconium nitride by the process they used for the titanium nitride. So also with 
hiifninm nitride. F. Wohler, and J. M. Matthews obtained zirconium tritaocto- 
nitride, ZrgNg, by gradually raising the temp, of zirconium ociamniinoteira- 
oblorido in an atm. of nitrogen. The grey powder burns in air to form zirconia. 
P, Bru&re and B. Chauvenet could not pre}»aTe either Zr^Ng or Zr 2 N 3 . By 
heating zirconium tetramminotetrachlorido at 300°, they obtained zirconium 
iritatetranitiide, Zr 3 N 4 , and not F. Wohler’s ZrsNg. £. Friedmch and L. Sittig 
represent the pale yellowish-brown powder obtained by heating zirconium 
oxide and carbon in nitrogen as zirconium nitride, ZrN. The space-lattice is 
a regular face-centred cube of the sodium chloride t}r])e, witli sides 4*63 A. 
There are four mola. per unit cell. The sj). gr. of the fiLsed nitride is 6*93. 
A. E. ran Arkel made obseivatinns on this subject. The m.p. is 2930°, uud it does 
not sublime before melting. The electrical resistance is 1*6 X 10^^ ohm at ordinary 
temp, and 3*2 X 10~^ at the in.p. E. Wedekind obtained zirconium hemitrinitlide« 
ZrgNg, by the reduction of zirconium by magnesium in an d})i'U crucible ; and 
removed the zirconia by flotation in trihromometliaDc. J. M. Matthews also 
prepared it by heating zirconium tetrachloride to redness iu dry ammonia. 
J. M. Matthews’ product was an amorphous, dark grey powder ; while under the 
microscope, E. Wedekind’s product appeared as bronzc-colourod crystals with a 
green shimmering lustre. The sp. gr. was 6*75 at 15°. K. Becker and F. Ebert 
found the X-radiogram corresponded with an Dlemeutary rube of side 4*63 A., and 
density 6-97 ; A. E. van Arkel gave 4**^9 A. for the side of the cube. The com- 
pressed powder is an electrical conductor. There is no perceptible dissociation 
of the nitride at 1100 ° ; and it is not aflectcd by heating to redness in a current 
of hydrogen, but at 1050°, ammonia begins to be formed — in the converse reaction, 
nitrogen acts on the hydride also forming ammonia. When boated in air, it glows 
with the formation of zirconia. At a red-heat, the nitride reacts with cldoriue 
or bromine with incandescence ; it is more resistant to oxygen and chlorine than 
is the metal. It is very stable towards acids— excepting hydrofluoric acid which 
decomposes the nitride giving oil ammonia gas. Aq. subi. of the alkali hydroxides 
do not act on the nitride ; but with fused potassium hydroxide, ammonia is evolved. 

C. Matignon prepared cerium uifaride, OcN, by reducing the oxide with 
magnesium or aluminium in an atm. of nitrogen ; or the chloride with sodium in 
an atm. of nitrogen. A. C, Voumasoa prepared it by adding the powdered metal 
to fused potaasium cyanide as in the case of boron nitride ; and J. Lijjsky, by the 
action of ammonia on the hydride. W. Muthmauu and K. Kraft found that 
cerium at a moderate red-heat acts but slowly on nitrogen, but at 850°, there is a 
sudden and violent reaction, the formation of the nitride being accompanied by a 
brilliant incandescence. If the nitrogen contains a small proportion of oxygen 
or nitrogen oxides, the product is dark grey, and contains an oxide ; but with 



NITROOEN 


121 


pnxificd nitrogen, the nitride u brimee-oolouied, almoBt black. 0. Taminann 
measuied the rate of formation of nitride when oerinm is heated in nitrogen. 
On the other hand, F. W. Dafert and B. Miklauz said that the nitride cannot be 
obtained from its elements, but is formed hy heating the hydride in nitrogen at 
800*’-9(X)**. E. Friederich and L. Siitig obtained a trace of the nitride by heating 
a mixture of the oxide and carbon at 1250^, F. Fichtcr and 0. Schblly observed 
tliat when cerium carbide is heated in nitrogen it does not behave like calcium 
nitride at 1250°, and form cyanide or cyanamide, but rather forms cerium nitride, 
(VN. Cerium carbide also reacts with ammonia at 1250^, yielding the nitride, 
but the action is slower and less complete than is the case with nitrogen. A. C. Vour- 
nasos said that the nitride is easily oxidized in air, and consequently he was not 
able to eliminate carbon by ignition in air. J. Lipsl^ found the dissociation press, 
to bn immeasurably small at 320° ; between 6 mm. and 13 mm. at 460'’ ; 340 nun. 
at 611)'' ; 370 mm. at 675° ; 380 mm. at 715° ; and 400 mm. at 762°, The data 
are only approximate because equilibrium is attained very slowly — due to the 
equilibrium being quickly established on the surface, the nitride then dissolving 
ill the metal, and tether change being then dependent on diffusion in the solid. 
The change was not accelerated by adi^tures of alkali or alkaline earth ehlorides. 
Turified and dried nitrogen when passed over the freshly prepared hydride in the 
ruld, reacts quickly, forming ammonia; the reaction, Ct*H 3 +N 2 ?^CeN+NH 3 , 
quickly slows down owing to the formation of a protective supeiffcial film of nitride. 
Itaibing the temp. 200° accelerates the reaction very little. No ammonia is formed 
by the action of hydrogen on cerium nitride in the cold, but between 100° and 400° 
— preferably 200° — ammonia is formed : CoN+ 3H2F^NII3+C0H3. F. W. Dafert 
ami R. Miklauz said that ammonia is not formed by the action of hydrogen on the 
heated nitride. J. Lipsky found that a mixture of hydrogen and nitrogen gases 
acting on cerium nitride at 25° tenishes ammonia. The catalytic reaction stops 
in about 24 hrs., jiossibly owing to the presence of moisture and oxygen in the 
mixed gases. The continuous production of ammonia soon stops if a mixture of 
nitrogen and hydrogen is used, but it goes on continuously (although slowly) when 
lutiogen and liydrngen are passed alternately at short intervals. A miirture of 
hydride and nitride gives the best results, and the rate of production is very much 
increased by spreading the material out over a large surface of asbestos, glass 
wool, or copper gauze. When the contact material is allowed to cool off and re- 
main unused for some hours, its activity increases. The quantity of ammonia 
produeed is proportional to the quantity of contact material used, and independent, 
within fairly wide limits, of the rate of passage of the gas. The highest cono. of 
ammonia reached was 6*4 per cent, by vol. in the gas passed over cerium nitride ; 
and 1-4 per cent, over the hydride. N. Woodhousc, and J. Lipsky made some 
observations on the fixation of nitrogen as ammonia via cerium nitride as inter- 
uiediary. W. Muthmann and E. Elraft said that the nitride suffers uo change in dry 
air, but in contact with moisture, ammonia is evolved ; the mass finally becomes hot 
and glows as it is oxidized to ceric oxide. The reaction with water is violent ; and 
if a few drops of water be sprinkled on the nitride, the mass becomes bright red as 
it is converted into ceric oxide — ammonia and hydrogen are evolved and burn : 
2('eN-|-4H20— 2Ce02+2NH3+H2. Tho nitride disBolvcs quietly in an aq, soln, 
of potassium hydroxide, forming cerous hydroxide and ammonia. With dil. acids 
the dissolution is accompanied by the formation of cerous and ammonium salts : 
2CeN+4H2S04=Ce2(804)8-KNH4)2S04. The reaction with dil. acids is sometimes 
so violent that the mass becomes incandescent, and at the high temp., some ammonia 
is decomposed into its elements. According to F. Fabaron, when metallic cerium is 
heated in a closed copper tube, the oxygen of the air in the tube combines with 
llio copjier and the nitrogen with the cerium. The ocrinm dinitrido, CeN 2 , formed 
has a greyish-black colour and is decomposed by water, yielding amiiioiiia and 
DCTous oxide. 

According to J. J. Chydeniua,^^ thorium oxide is not changed when heated in 
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ammonia ; but if thorium tetrachloride alone or mixed with ammonium chloride 
ia heated in ammonia gas, a white insoluble powder is formed which gives ofi 
ammonia when fused with potassium hydroxide. E. Chauvonet obtained what 
appeared to be thorium nitride by heating thorium tetramminotetrachloride at a 
red'heat. E. Friedcrich and L. Sittig obtained the impure nitride by heating a 
mixture of the oxide and carbon in a current of nitrogen. H. Moissan and A. £tard 
made thorium nitride^ presumably Th 3 N 4 , by heating the carbide at 500'’ in an 
atm. of ammonia. A. E. van Arkel and J. H. do Boer made thorium nitride by the 
process they used for titanium nitride. C. Matignon made this compound by 
heating a mixture of thorium dioxide and magnesium in an atm. of nitrogen ; and 
C. Matignon and M. Dolepinc, by heating thorium in nitrogen gas—Hsinco the 
ab 80 ri)tion by Ihorium itself is slow, thorium hydride can be used. The dark brown 
nitride is not altered at a red-heat. It burns in air with incandescence ; and in 
oxygen, the iiicandoaccncc is very vivid, being probably due to thorium. Cold 
water dcconiposefl the nitride slowly ; hot water, rapidly, forming thorium hydroxide 
and ammonia. Dil. acids derompo.se the nitride, forming ammuiuuiu and thorium 
salts ; and with alkaU-l 3 ’’e, ammonia is formed. 

V. Knljlhrhiittrr iiicparecl it hat he called thorium metanifrtdVf a polynior of the tetra- 
tritanitndo, by hoatuig a mixture of thuria and maguobiuin to a liigh temp, in tlio prn&ence 
of nitrogen. The eitrun-yelUiw product ib less reactive than tlio totratnuitrido just 
described. It is said to be insulublo in cone and dil. acids, and with wator. to 
form hydrogen. It is attarkod when lies ted in oxygon, or rhloriiie ; nnii when fuKod with 
alkali hydroxide. C. Jilatignoii and M. ])eli']uiis eunsidur it to ho on uxj'nitntle, Th«()5N\. 

K. Iwase^^ found out tin does not dissolve nitrogen. G. U. llendtTSon 
and J. C, Gullctly heated tin in aiumonia from 160“ to redness, and found 
that the metal retained no marhed amount of nitrogen; from 170'’, the metal 
became matte, and showed rounded globules when \icwrd under the nucrohcopc. 
When the trnip. upjuoaehed redness, the ammonia was decomposed by the 
metal. It was assumed that an unstable nitndr was formed. F. Fischer and 
co-workers prepared an imimro tin nitride, by the method indicated in con- 
nection with Fig. 11. 'Wlien treated with eoldhydxochlorir, sulphuric, phosphoric, 
or oxalic aeid, the nitride is not changed, but with hot hydrochloric, Hiilpliurie, or 
phosphoric acid, the mass is dissolved. There is only a slight reaction with cold 
cone, nitric aeiil ; boiling eonc. nitric acid attacks it only slowly; tlu* diL acid, 
cold and hoi, attacks the prcparatnms man\ G. G. Henderson anil J. C. Gallctly 
found tlic action of nitrogen on lead rcbcmblcd its action on tin. i\ Herrmann 
found that aiumonia reduces lead chloride at 50r)'^-600'' to lead; and at U -250'’, 
spongy lead absorbs no nitrogen. F. Fischer and F. Schrolcr reported an impure 
lead nitride to be formed by the method given in conned ion with Fig. 11 . The 
product was said to ho vr^y unstable, and explosive ; and to yield an ammonium 
salt with acids. W. ISellz discussed the stabilization of lead nitride. 

According to II. B. Baker and If. B. Dixon, red phosphorus heated to 300'’ 
in a stream of uitrogen suffeiH no change. A. Stock and H. Griineberg also obtained 
no phosphorus nitride by the action of nitn>gen or ammonia gas on phosphorus. 
If a very high temp, were omplc»yed, there might be a reaction. W. P. Winter 
reported that when sodamidc is warmed with yellow phosphorus, an energetic 
reaction occurs, and tlio product is a mixture of sodium phosphide, oxy-acids of 
phosphorus, and probably a phosphorus amide. Acoor^ng to H. Schiff, the 
phoBiJhorus nitride reported by II. Rose, and F. Wohler and J. von Liebig, is pro- 
bably phospham, PN 2 H. W. H. Balmain reported a phosphorus nitride, of unde- 
termined composition, to be formed by the action of phosphorus on hot mercuric 
«*hloroamide. W. Moldenhauer and 11 . Dorsain found that when yeDow phoB})horus 
is distributed as evenly as possible over the inside of a glass tube, it readily alworhs 
nitrogen at lB ()-200 mm. press, when exposed to electric discharges between 
aluminium electrodes. The product is a mixture of unchanged white phosphorus, 
red phosphorus, and phospborofl mononitnoe, PN. It is extracted wid carbon 
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diBulphidp, and the xendno u heated in a poiodain boat in a dow current of nitrogen 
at GOO’-SSO'’ and 12 mm. preu. ; the nitolde thus adjures some impurities from l^e 
jiotcdain. It is a Toluminous, yellowish-brown powder, eztnoidiiiarily resistant 
to chemical agents. 

Aucording to A. Besson, when phoaphamide is hsated in a curront of nitrogen in a 
porrelain tube at a high temp., the end-product of the reaction rorrc tpon^ with phoBplt/ortM 
niononUridB, PN. A. Stock and IL Gninoberg, however, were unablo to find any nitrido 
oilior than 

F. Bijeglob and A. Geuther prepared phosphorus triiapeptanitride, or phosi^onis 
nitiidet 1^8^51 by passing the vapour of phosphorus pcntachloride accoinpauied 
by nitrogen over heated magnesium nitrido : 5Mg3N2+6PClB - 15MgOL4 2P9Nfi ; 
and E. A. Hchneider’s nitride obtained by using phosphorus trichloride is probably 
the same compound. A. Stock and B. Hofiuiann obtained this same nitride by 
beating tlie ])roducta of the action of dry ammonia on phosphorus pentasulphide at 
2^0° ; and by lieating ammonium iminotrithiophosphate, (NH4S)3PNH, in a 
rurrent of ammonia. A. Stock made it by heating iminotrithiophosphoric acid, 
HNP(SF1)3; ammonium nitrilodithiophosphate, (NH48)2PN; thiophobphoric 
nitrile, MI'S ; and by heating phosphorus pentasulpliirle in a current of ammonia 
at B50 The purified ])ontasu1phide was ^t sat, with dry purified ammonia at 
ordinary temp., and the product heated in an aim. of ammonia till ilie Jena glass 
rmitaining tube began to soften ; the complex mixture of amiuonmni thiophosphates 
ho obtained was heated for 12 Iirs. at 850° in a cummt of ammonia, or the products 
of its decomposition. Phosphorus nitride of a high degree of ])urity remained. 
A. Stork and 11. Giiiieberg found that phosphorus liejitasulphide gave a poor yield, 
and phosphorus trisulphide none. The product obtained by heating a mixture of 
])enttisulphide and animonhiin rhlryride is impure. A. Stock and 00- workers found 
Ihiit the nitride is foriue<l among the products of the action of liquid amnioida on 
ordinary phosidiurus or phospliorus dihydride, P4H2 ; or by healing the ammino- 
coiriponmls of solid phosphorus hydrides. 

FliosphorUfa nitriile is without taste or smidl. Its colour may be 'y^liite, or may 
Viiiy from white to daik red according to the time it has been heated above H")!)’. 
TJje iilin of rcil jdioHpbnrus sometimes observiMl on tlie surface has no piTCeptible 
inllueiif e on its comiiositiun. A. Stock and II. Griiueberg gave for the sp. gr. ut 18^ 
the value 2*5] ; 11. llerzer, 2‘'19ri for the sp. gr. an for the mol. vol. ; 

aivl 910" for the temp, of decomposition; and A. Stock and K. Wrede, j Sl«5 l.^als. 
for the hi*at of formatum per mol of P3N5 from ordinary ])ho.sjdioruB, and +70-'l 
Pills, from red pliusphtyrus ; the mol. heat of combustion is 4Ti’>2 Cals. ai 
constant vid., and 474-7 Cals, at constant press. A. St oik and B. llollmann 
could llnd DO solvent for the nitride. A. Stock and H. (Jruneberg said that 
the nitriile is chemically inactive at ordinary temp., but at a liigh temp, 
it nets as a powerful reducing agent in consequence of its dissociation into ])hos- 
]dioriis and nitrogen which begins in vacuo at 7G(P, According to A. Stock 
and co-workers, when the nitiub* is heated to redness in hjdrotjui it furnishes 
l>hos] Jiorns and ammonia ; it burns when heated in oxygen ; at ordinary tmiip. miter 
has litth' or no action, while boiling water slowly decomposes it into ammonia 
and phosphoric acid : PsNj-f 12H20=-31l3P04H OSIIa; F. (J. Ijiljeiiroth proposed 
to utilize this reaction in the manufacture of ammonia. The decomposition 
by water in a sealed tube at 180'^ is quantitative after a few hours* action. 
Ai], soln. of all kinds, including cone, nitric acidj have no action. When heated in 
chiotine, the nitride tokes fire at the t<*mp. of softening glass. AYhen heated with 
many mtah magnesium — ])hos]ihides arc foniiecl. It reduces nicttillic oxnUs 

lead oxide at a dull red-heat gives lead ; and arsenic trioxide, arsenic ; the 
reduetion of antimony trioxidc proceeds with diftieulty ; and zinc oxide, at tha 
softQiiing temp, of glass, is not changed. 

I. A. Bachman 20 found that no signs of arsenio nitride, AsN, were obtained 
by heating arsemc trioxide to 300°-^° in an atm. of ammonia ; but if a sealed 
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hibo eontaining nilvci cyanide and arseniDUB ozide be heated at this temp., a dark 
brown substance is formed as a coating over the crystals of arsenic trioxide. The 
brown substance contained only a little carbon, and was considered to be the impure 
nitride. F. Fischer and F. Bohroter prepared arsenic nitride by the process indi- 
cated in connection with Fig. 11. C. Hugot prepared arsenic nitride by rapidly 
heating arsenic imide in vacuo at 250° : As2(NH)3=2AbN-|-NH 3. The orange-red 
product is decomposed into its elements at a temp, not far distant from its temp, 
of formation. I. A. Bachman said that the nitride gives o3. amnmnia when heated 
with soda-lime ; it dissolves partially in alkali-lye ; and dissolvtis completely in 
strong acids. F. Hirard found that when antimony is heated to dull redness in 
a current of nitrogen, grevish vapours are evolved. E. Iwase found that 
nitrogen is not dissolved by antimony. E. C. Franklin reported an impure 
antimony nitride to bo formed by the action of antimony iodide on potassium 
amide in liquid ammonia soln. which condenses on the cool parts of the tube 
in agglomerations of amorphous antimony. The fact that the amorphous variety 
of antimony is not produced in a current of nitrogen is taken to indieatf^ that 
antimony nitride« BbN, is formed which decomposes in the cooler parts of the tube. 
F. Fischer and F. Bchrotei obtained tbo impure nitride as a black powder by the 
method indicated in connection with Fig. 11. The niiridB decomposed explosively 
when heated depositing a mirror of antimony on the containing tube. When 
treated with dil. hydrochloric acid, antimony and ammonium chlorides with 
formed : SbN+4HCl=SbCH3+NH4Cl. F. Fi.scher and co-workers prepared 
bumuih nitride, BiN, by the method indicated in connection with Fig. 11. 
E. C. Franklin prepared it by the action of bismuth tiibiomide or triindide on potas- 
samidc in liquid ammonia soln.; BiT 3 -|- 3 KNll 2 =BiN-|- 3 E! 42 NlT 3 . The dark 
brown precipitate becomes almost black on drying, and gradually ilr>eomposes on 
standing — ^when the dry precipitate is heated with dil. hydioehloric acid some 
bismuth always remains. The dry nitride exjdndcs when treated with water or 
dil. aeifls. It is slowly decomposed by water vapour. F. Fischer and F. Sehroter 
said that explosion occurs when the dry nitride is shaken and tbe walls of the 
containing tube become covered witli a mirror of bismuth. 

11. E. Roscoe ^ showed that what J. J. Berzelius had reported to be metallic 
vanadium was really a nitride. Three nitrides have been reported, V«N, VN, and 
VN 2 . There is a doubt whether or not the first two substances are tiic same. 
H. Mehner obtained the nitride by heating a mixture of carbon and vanadium oxide 
in an atm. of nitrogen. I. L Shukofi observed no reaction between nitrogen and 
vanadium at 1250°. 6. Tammanu noted the formation of a film of niindi* when 

vanadium is heated in nitrogen ; and C. Setterberg obtained an impure nitride 
during the electrolysis of a soln. of ammoniiun vanadate. K. E. Koscoe })repared 
vanadium mononitiide, VN, by passing ammonia over vanadyl trichloride con- 
tained in a bulb tube and heated until all the ammonium chloride had been expelled ; 
the remaining black powder was heated to whiteness in a platinuni boat in a current 
of ammonia for several hours. It was also obtained by healing for a long time 
ammonium vanadate to whiteness with the exclusion of air ; by bt'ating vanadium 
trioxide to whitenf‘ss in a current of ummonia ; and by heating vanadium in 
nitrogen. E. Friedcrich and L. Sittig made it by heating the oxide in hydrogen and 
nitrogen gases ; and A. E. van Aikel, by heating the metal filament in an atm. 
of nitrogen. The greyish-brown powder is not altered at ordinary temp, in air, 
but when heated, it forms blue vanadium oxide, V 02 » and at a higher temp., 
vanadium pentoxide. It loses nitrogen when heated in hydrogen ; and evolves 
ammonia when heated with soda-Uiue. N. Whitehonse, however, found that at 
400°, water vapour forms ammonia and vanadium oxide. K. Becker and F. Ebert 
found that the X-radiogram corresponded with a cube of side 4*28 A., and density 
5'46. E. Fiiederich and L. Sittig found the space-lattice is a face-centred cube of 
tbe sodium chloride type with side 4*28 A. There are four mols. per unit cell. 
The sp. gr. is 5*63 ; the m.p. is about 2050° ; and it decomposes but does not 
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sublime at the m.p. R. E. Blade and G. 1. Higson said that the disaociation press, 
of vanadium nitride at 1203° does not exceed 0*2 mm., and at 1271° does not exceed 
1*5 mm. Tlie respective heats of formation are 79-2 Cals, and 77*2 Cals. The 
electrical resistance is 2xl0~^ ohm at ordinary temp., and B'5xl(H ohm at the 
m.p. E. Wedekind and C. Horst gave 4*13x10''^ for the magnetic susceptibility. 

W. Muthmann and co-workers also reported that findy divided vanadium 
reacts with nitrogen at a rod-heat. The reaction is so slow that 20-24 hrs. are 
ncM^dnd for the incroase in weight to become constant ; nitrogen is also absorbed 
at dull redness, but the action is still slower. In contradistinction to U. E. Roscoe, 
the composition of the product approximated vanadiam heminitride, V 2 N. 
B. E. Slade and 0. 1. Higson found that vanadium nitride dissociates at 12fl3° and 
0-2 mill, press. According to N. Whitchouse, at a white-heat vanadium forms the 
monimitride. The vclvcty-black powder is unchanged in air ; when heated in 
air, however, it forms vanadium pentoxide ; water, and dil. hydrochloric acid, 
hot or cold, have no action, but it dissolves in cold dil. nitric acid. 6. Gore found 
that vanadium nitride is insoluble in liquid ammonia. It is not affected by alkali- 
lyc, but with fused potassium hydroxide, ammonia is evolved. 

In 1858, vanadium dinibide, VN 2 , was prepared by E. Uhrlaub, but a wrong 
forniula was given to it owing to an erroneous value for the at. wi. liaving been 
used in calculation. Both H. E. Boscoc, and E. Uhrlaub obtained it by heating 
vanadyl chloride in a current of dry ammonia until most of the ammonium chloride 
had volatilized, as in the case of the mononitride, but instead of raising the temp, 
to whiteness, the product was vrashexl in ammoniacal water, and dried in vacuo 
over cone, sulphuric arid. The black powder so obtained loses nitrogen when 
heated, and passes into the moiionitridc ; when exposed to air, ammonia is evolved 
and Hie vanadiiun is oxidized. With molten potassium hydroxide, ammonia is 
devtduped sodium hydrochlorite gives mirogen ; nitric acid in the cold docs not 
attack this nitride, but when heated the attack is vigorous. E. Uhrlaub, and 
A, Safarik found about 0*1 per cent, of hydrogen m the compound. 

n. Moissau^^ found lliat when powdered columbium is heated to 1200°, in 
nitiogen, the metal becomes coated with yellow niobium mlride or ColumbilUD 
tritapentanilride, but at 500°-600°, there is no perceptible action. 

L. Weiss and 0. Aichcl observed that when columbium is heated in air, both oxide 
and nitride are formed, if, Moissan also observed that finely powdered columbium 
disHiieialcs ammonia at a red-lieat without changing in weight ; and W. von Bolton 
bliowt'd that when columbium is heated in ammonia, the metal becomes matte and 
gie\ibh-brown, and gives oil ammonia when heated with potassium hydroxide, 
bhuwdng Hint home nitride was formed. H. Rose prepared a nitride by heutiiig 
columbyl chloride in a current of ammonia. A. .Toly said that this product shows 
all the ])iop<‘rtios of a mixture of columbic oxide and nitride. H. St. C. Deville, 
II. Rose, and A. Joly found that a iiitrido correhpnndiiig, according to II. St. C. 
i )e\ die, with cdumbium mononitride, CbN, is fonneil when columbic oxide is heated 
to a high temp, in a current of ammonia. E. Friederich and L. Sittig obtained 
the innnonilridc by healing a mixture of the oxide and carbon in nitrogen gas; 
and 1h(>y said that the space-lattice is a face-centred cube of the sodium chloride 
1y])e with side 4*41 A., and four mols. per unit cell. The sp. gr, is 8-4 ; the m.p. 
2050°, and it decomposes but does not sublime at the lu.p. B. Fnederich gave 
307li° for the m.p, W. Muthmann and co-workers obtained the pentatritaiiitiide 
hy luxating the hydride to redness in a current of nitrogen. R. D. Hall and 
E. P, Smith obtained the pentatritanitridc by the action of dry ammonia on an 
ethereal sob. of columbium pentachloridc. K. Becker and F. Ebert found the 
X-radiogram corresponded with an elementary cube of side 4*41 A., and density 
^'26. W. Muthmann and co-workers found that the pentatritanitride is a blacl 
powder which is stable in air, but bums when heated, forming columbium pentoxide. 
The nitride is not attacked by boiling water ; nor is it decomposed by nitric acid, 
oonc. suliihuric acid, or hot hydrochloric acid— it is only attacked by acids which 
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can dissolve columbium. Boihng alkaliJye does not attack the nitride, but with 
fused potassium hydroxide, at dull led-heat, ammonia is evolved. 

According to A. Sieverts and E. Bergner, tantalum nitride is slowly formed when 
tantalum is heated in nitrogen gas above 900 ^ ; but 6. Tammanu observed no 
reaction between nitrogen and tantalum at TOO*^. A. Joly, and H. Rose also 
obtained a nitride of iiiiilctorminod composition by the prolonged action of ammonia 
on tantalum pentoxide. A. Joly reported tantalani tritopentanitridei TasNi, 
to be formed when ammonia is passed lor some time into cold tantalum penta- 
chlorirlo, and heating the product up to a temp, sufficient to volatilize the ammonium 
chloride. The amorphous red powder when heated in air quickly forms tantalum 
pontoxide; when heated with cupric oxide, copper and nitrogen are formed; 
and when fused with potassium hydroxide, ammonia is evolved. A. Joly showed 
that if this nitride is heated to whiteness in a current of ammonia, nitrogen is 
evolved and black tantalum mononitride, TaN, is formed. E. Friederich and 
L. Sittig made it by heating the oxide in a current nf nitrogen and hydrogen ; 
and A. E. van Arkcl, by heating a filament of the metal in nitrogen. K. Becker 
and V. Ebert found that tlic X-radiogram corresponded with hexagonal symmetry 
and an elementary parallelopipcd of side 3*61 A. ; A. E. van Arkel gave 3 05 A., and 
for tlie axial ratio a : c— 1 : 1-62. According to W. Muthinann and co-workers, 
tantalum dinitride, TaNs, is formed when the metal is heated in nitrogen gas to 
1000°. it. E. Slade and G. 1. 11 igson found that the dissociation press, of tan- 
talum nilriili', at 1170°, is 0-4 nim. ; and the heats of formation, 74-7 and 79 Cals, 
resjiectively. The properties of tantalum nitride resemble those of columbium 
peiitatritanitride. 

Areording to II. St. C. Devilla, Columbium earbonitrlde, mUbN is formed 

when hodmm eoliuiibato is lioatorl to 1200° in a graphite crudblo. A. Joly made it by 
heating a Tnixtuie of eoLiinibium pontoxide, carbon, and sodium earboualo (4:1 ; 1) in a 
carbon rrucibln at a liigh temp. ; and by the action of ammonium cyanide on columbium 
peiitoxido at a high temp. The analyses of A. Joly varied from m : n - 2 : 3 to 1 : 0. Tlio 
grcyLsh-viulei or olivo-gref*n mohs of aeinilar crystals bums in air or uxygen at a liJgh 
temp. ; ehloriiio transtorms it into culuinbium pentaidiloride, uarfiun tetrachloride, and 
carbon — nut rolumbium oxylrieldoride ; copper or lead oxide is vigorously reduced. 
H. Hobo ftiund tJuiL freshly propared, hydrated eolumbium pontoxide, when lioult'd to 
rodiieB.s in cyanogen, funushos black pulverulent columbium OxycarboDitiide, CbaOsN^U. 
It eonduct.s olortricity well ; it oxidizes slowly when lioaLod in air ; and givres ofl ammonia 
^lion treated i^ith fused potassium hydroxide. 

For sulphur nitride, see nitrogen sulphide; for seknium nitride, see nitrogen 
sekmidc ; and for tellurium nitride, see nitrogen telluride. J. vou Liebig obUined 
a brown powder by igniting cliromium chloride in ammonia, and he thought the 
jiroiluct was elemental chromium. A. richrottcr showed that the product is 
chromium nitride, Cr 2 N 2 or (JrN. 

According to A. Srhrottcr, the chromic clilnrido should ho prr]ian'd os free us possible 
from oxidrs and from water by healing it m a glass tube on an uil-batli until no more water 
is ovolvod. Tho tube is then cooled, and ammonia passed for a time. Tiio tulio is then 
heated, and uiurnonia passed until no more aiiirnouiiun chiorido is evolved. The cold 
moss is removed from the rnished tu small fragnients, and again treated with ammonia. 

J’his uporution is repealed soveral times. 

A. Scliruttcr obtained a similar product by the action of ammonia on chronio- 
chloric arid, and C. E. Ufer said that the product then contains oxygen* 
H. N. Warren, E. Oliveii-Mandala and 6. Cornelia, R. Kraus, C. E. Ufer, 
and E. Uhrlaub also prepared the nitride by the action of ammonia on 
chromic chloride; and the two last-named also made it by heating a mixture 
of ammouium and chromic chlorides: CrCl8-t-NH4Cl=4HCl-|-CrN. Accord- 
ing to C. E. Ufer, if potassium dichromate, mixed with ammonium chloride, 
be melted under a layer of sodium chloride, only chromic oxide is formed; but 
Q. B. Frankforter and co-workers said that a nitride is probably formed. F. Briegleb 
and A. Geuther obtained this nitride by heating chromium in an atm. of nitrogen ; 
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and J. hj heating pyTophoxic chromium in an atm. of nitrogen. H. Hardtung 
gave 1200° for the temp, of formation. 0. Tammanu made some observations on 
the reaction. E, Baur and Q. L. Voennan found tliat the reaction 2 Gr+N 2 ^ 2 CrN 
is n^versible, II. Herzer found the sp. gr. to be between [>'796 and 5*800 at 25°/4° ; 
and the mol. vol. IM. E. Baur and Q. L. Voerman found on heating the nitride 
at 790° ± 10°, the press., p mm., to be : 

0 21 37 GD 180 4 J 40 mm. 

174-5 172-6 170-5 106-5 152 157 130-5 120 mm. 

They did not measure the dissociation press, at higher temp., and added that the 
dissociation does not proceed until a definite dissoeiation press, has been attained 
and then ceases as is commonly the case ; rather does the dissociation press exhibit 
a continuous slow change. This is explained by assuming that cliroinium and its 
nitride form not two phases, but only one variable phase. J. Feree made the 
nitride contaminated with a little oxide by heating pyrophoric chromium in a current 
of nitric oxide ; and he also obtained this nitride by the aciirm of ammonia on heated 
cliromiuni. 

K Uhrljiiib Rsid that chromium tritadinitridB, is formed by heating the mono- 

intndo, CrN, in a rnrrrni of ammonia ; and (4 G. Hendorson and J, 0. Galletly, reported 
this game oxide by hoatmg chromium m animonia at 650“ It was aaid to bo black, and 
very iiidilTrnint towards chomical agents. It is uxiibzed wlion lioatod m air, or when 
inched with suiliuin dioxide. Nitric acid or aqua icgia attacks Jt hIdm Jy, 

A. Smits obtained the mononitridc, CrN, by tlie at turn of chromic chloride on 
iiiaguesinm nitride; and A. Uuntz, hy the action of potassium chlorochromate 
on lithium nitride. Chromium nitride is a brown or Mack amorphous powder 
which 0. E. Ufer found partially to decomjioso into its elements at about 
1450°. E. Wedekind and T. Veit said that the nitride is not aSccted 
by an ordinary horse-shoe magnet, but is affected by a large elertromagnet. 
1. I. Shukoff showed that the electrical conductivity of the powdered nitride, 
12*72 to 1.5'40 mhos, is of the same order as that of the metals, and he 
therefore concluded that the so-called nitrides arc only solid solii. of nitrogen and 
chromium, and not true chemical compounds. E. Baur and Gr. L. Y oerman observed 
that ebrumium nitride is a very efficient catalytic agent in the decomposition of 
ammonia, whilst it has no effect in promoting the syuthesis of ammonia. Hence, 
it was called a one-sided catalyst — ein ansntiger Katalgsa/or. E. Baur and 
Q. L. Vouniian said that chromium nitride is much more stable than iron nitride, 
and is nut reduced by hydrogen, even at 560°, 13 atm. iiress. (J. E. Uh^r found that 
when heated to redness m air, the nitride oxidizes with incandescence to form green 
chromic oxide ; and A. Schibttor, and 0. E. Ufer showed that it inflames in oxggen at 
1 5()°-200°, and bums to chromic oxide with a red light and the evolution of uitrogeu. 
A. Briegleb and A. Geuther’s nitride burned with difficulty in oxygen. C, E. IJfer 
said that the nitride is not attacked by water, or steam at 220°. It is not attacked 
by cold chloriJie, but when healed in that gas, tliero are some small detonations 
at the beginning attributed to the poshiblc formation of nitiogen chloride— a 
brownish-black sublimate, and violet chromic chloride, while nitrogen is evolved. 
Dry hydrogen ehlwiie at a red-heat acts slowly without the evolution of a gas : 
CrN-]-4HCl=CrCl3+NH4Cl. An aq. soln. of an alkali hjpochlorile reacts in the 
cold, fomiing an alkali chromate, and nitrogen ; the nitride mixed with poiashium 
ehloraJte detonates violently when heated. Dil. acids, and hot or cold cone, nitric, 
hydrochloric, and hydrofluoric acids are without action ; boiling agm regia dissolves 
it with difficulty ; cone, svlphuric acid reacts slowly without the evolution of a gas, 
forming red chromic and ammonium sulphates. Uil. hot or cold alkahAye has no 
action on the nitride ; and when fused with potassium hydroxide at 1 90°, in a sealed 
tube, it forms only a trace of chromate, and gives off no ammonia. J. Feree said 
that when heated with sodorlime it gives off ammonia. C. E. Ufer found that the 
nitride could be heated for many hours with melted sodium carlmale in a covered 
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csraoiblo mihout change— if air has access, traces of chromate are formed. It 
detonates in contact vrith molten potassium nitrate giving off nitrogen but no red 
fumes. 

F. Wohler obtained a molybdenum nitride of undetermined composition 
by heating together a mixture of ammonium and molybdenum chlorides. The 
black product gave off ammonia when treated with fused potassium hydroxide. 
G. G. Henderson and J. C. Galletly found that molybdenum reacts with ammonia 
at 860°, more slowly than dhromium, and only a small proportion of a nitride is 
formed ; and I. I. Shukofi observed a slight absorption of nitrogen at 780° ; but 
Q. Tammann observed none at 700°. W. Lcdcrcr obtained a molybdenum nitride 
from an arc between molybdenum electrodes in an atm. of nitrogen or of ammonia. 
The Badische Anilin- und Boda-fabrik heated molybdenum oxy-compounds in the 
presence of reducing gases mixed with nitrogen under press,, and obtained the 
nitride — e.g. molybdenum trioxidc at 500°-600° in an atm. of equal parts of nitrogen 
and hydrogen under 60 atm. press. I. Langmuir also observed that when a 
molybdenum filament is heated to about 2000°-2400° K., in nitrogen at 0*03 miii. 
press., the filament loses weight, and the nitrogen disappears. A deposit of 
molybdenum containing nitrogen collected on the walls of the bulb. The rate of 
disappearance of the nitrogen is independent of the press, when the latter exceeds 
one bar ; the amount of nitrogen thus disappearing is much less than the chemical 
eq. of the molybdenum evaporated, and the ratio, e, of the number of mols. of 
nitrogen removed to the number of atoms of molybdenum evaporated in the same 
time decreases from a maximum of about 0*1 to a minimum of about 0 01 as the 
temp, of the filament or bulb is raised. With very minute pres.'?, of watcr-vap., 
such as result even in presence of drying agents from failure to bake out the bulb, 
no complete removal of nitrogen occurs, although under such conditions molybdo' 
num will remove carbon monoxide and tungsten will remove either nitrogen or 
carbon monoxide, the value of c in each of these cases being unity. The fact that 
c is independent of the press., but dependent on the filament and bulb temp., 
indicates that the reaction occurs in the spare around the filament, and that each 
collision between molybdenum atoms and nitrogen mols. results in combination, 
at least two products being formed ; these are probably a first-order compound of 
the formula NMoN and a second-order compound, Mo : N 2 , the proportion between 
the amounts of these two depending on the relative velocity of the mols. at the 
moment of collision and on the internal velocity of the nitrogen mols. The former 
compound is very stable and cannot be decomposed on the bulb by heating to 3G0°, 
its formation being favoured by low relative translational velocity of the colliding 
mols. and by high internal or rotational velocity in the nitrogen mol. All those 
collisions which do not yield a first-ordei compound give one of the second order 
which is BO unstable that it decomposes practically completely on striking the bulb, 
owing to the attractive forces between pairs of molybdenum atoms being much 
greater than between these and nitrogen mols. The deposit which collects on the 
bulb has the following properties. It is spongy and can easily be rubbed off with 
the finger on opening the bulb, whereas deposits formed in a high vacuum arc dense 
and can scarcely be scratched off with a l^fc. If the bulb is kept at the temp, of 
liquid air, the deposit formed gives up some nitrogen when warmed to the ordinaiy 
temp., but only part of this nitrogen is absorbed again on cooling the bulb ; the 
larger part of the nitrogen in the deposit is not, however, liberated by heating in a 
vacuum at 360°. The deposit very rapidly absorbs up to about one-thirteenth of 
its chemical eq. of nitrogen when cooled by liquid air, but it does not readily absorb 
h 3 rdiogen under these conditions. At the ordinary temp., or above, however, 
large quantities of hydrogen are absorbed or dissolved by the deposit, these being 
given up slowly at 300° in a good vacuum. When heated in nitrogen at 270° or 
above, the deposit combines with nitrogen, and this is not given off again at 360° 
in a vacuum. The deposit reacts rapidly with water-vap., at the ordinary temp, 
with production of hydrogen, much of which remains dissolved in the deposit until 
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liberated by beating at 360” in vaono. It is probable that the molybdenum 
IB in an atomic state of division as a result of being deposited atom by atom 
by the decomposition of the unstable compound formed in the unsuccessful 
collisions.’’ Molybdenum deposited on the bulb in a high vacumu does not 
exhibit any of those characteristics. A. Rosenheim and H. J. Braun pre- 
pared mcdybdemim tritadiiiitridei M09N2, by heating molybdenum trichloride in 
ammonia at 760” ; and E. Uhrlaub, by heating molybdenum trichloride in dry 
ammonia on a gradually rising temp. The analyses of the greyish-black product 
corresponded with molybdenum pentibitrimlriQ6» MosNy ; and after heating to a 
higher temp., the composition corresponded with molybdenum peiititatetraiiitcide» 
M05N4. E. Uhrlaub using an old at. wt. determination represented the composition 
M03N2. At a white-heat, the end-product is molybdenum. H. Herzer gave 
B‘036 to 8'046 for the sp. gr. of M03N2 at 25”/4 ° ; and 39‘3 for the mol. vol. 

According to F. Wohler, a black, pulverulent tungsten nitride is formed when 
the vapours of tungsten and ammonium chlorides are passed through a red-hot 
tube; and also when tungsten trioxide is heated in cyanogen. 1. I. Shukoff 
observed no absorptiou of nitrogen by tungsten at 1250” ; and 6. Tammann, none 
at 700”. I. Langmuir observed similar phenomena with tungsten filaments at 
3000° K. as those observed in the case of molybdenum filaments. When a tungsten 
lamp containing nitrogen, at a low press., is run for some time the nitrogen gradually 
(lisajipcars, and the disappearance is brought about in three ways : (i) Chemically 
by the formation of tungsten dinitride» WN2 ; (ii) Electrochcmically— when an 
(dectric discharge passes through nitrogen and a hot tungsten cathode is used, the 
nitride WN2 is formed at the cathode ; (lii) Electrically— at very low press, and 
high voliageb there seems to bo a reversible removal of limited quantities of nitrogen, 
m which the nitrogen is driven on to the glass in such a form that it ran be recovered 
by boating. From zero press, up to about 0*001 mm. the rate of removal of the 
nitrogen is proportional to the product of the rate of evaporation and the press, of 
nitrogen. From about 0*003 mm, up to about 1 mm., the rate is directly propor- 
tional to the rate of evaporation, and mdependent of the press. ; above press, of 
2 mm., there is still direet proportionality between the rate of removal and the rate 
of evaporation, but the latter is materially reduced by the presence of the gas. 
’Fhe nitride, WN2, in thin layers is a clear, brown colour, very different in appearance 
from finely divided tungsten. C. J. SmithelU and H. P. Rooksby gave 6*3 for 
the sj). gr. The dmitnde is stable in a vacuum at 400°, but is decomposed 
at 2400° K. It is decomposed by water, giving ammonia and probably the oxide 
WOs- Nitrogen does not, at any temp., react perceptibly with solid tungsten. 
The behaviour of nitrogen toward solid tungsten and tungsten vapour is bimilar 
to that of oxygen towards platinum and platinum vapour. 6. G. Henderson and 
J. C. Galletly found that heated tungsten decomposes ammonia, but virtually no 
nitride is formed. II. Hardiung gave 1365° for the temp, of formation. R. Porseke 
and A, Rathjcn observed the formation of a nitride when the tungsten filament of 
an electric lamp is heated in ammonia. £. Uhrlaub reported the formatinn of 
tungsten tritadinitride. W3N2, when tungsten tetrahydrohexanitridc, WaNoH4, is 
heated in ammonia; and S. Rideal, tox^sten hemitlinitride* W2N3, by heating 
tungsten chloride or oxycliloride in ammonia. The black, lusteous powder can be 
freed from ammonium chloride by washing, fl. Herzer gave 12*083 to 12' 120 for 
the sp. gr. at 25”/4” ; and 33‘B to 33*9 for the mol. vol. When heated in air, this 
nitride furnishes tungsten trioxide. Cone, sulphuric acid oxidizes it to tungstic acid 
and ammonium sulphate. It is insolublo in nitric acid, dil. sulphunc acid, and 
soda-lye ; it gives off ammonia when treated with fused potassium hydroxide ; and 
aqua regia oxidizes it to tungstic oxide. 

C. F. Rammelsberg found that dry ammonia reduced uranium tetrachloride 
to the trichloride, giving off nitrogen ; and E. Uhrlanb showed that if the 
tetrachloride be heated for some hours in ammonia gas, and finally in the vapour 
of ammonium chloride, a black nitride was formed. A. Colani also noted that 
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if sodium cUorouianate be heated to redness in dry ammonia, a black crystalline 
nitride is formed. II. Moissan found that uranium unites directly with nitrogen 
at 1000°, or with ammonia at a lower temp., forming a yellow uraniam trita- 
tctranitridei U3N4. The same product was obtained by heating uranium carbide 
to 1100°, but the reaclion was incom})lete. E. Friedcrich and L. Sittig prepared 
uranium rntride in an impure state by heating a mixture of the oxide and rarbon 
in nitrogen. V. Kohlschutter prepared uranium chloride by the action of chlorine 
on uranium carbide heated in a hard glass bulb-tube ; and tlien passed ammonia 
over the heated product. The dark green crystals melted to a black lirpid which 
became solid os the rcaerion progressed. The product contained chlorine, and 
oxidized when ground in a mortar for retreatment. No definite compound was 
obtained. He recommended ])rcparing the tritatctranitiide by reducing uranium 
oxide with aluminium or magnesium in an atm. of nitrogen : 16Al-f-3lJ30gH-6N2 
'=3U3N4+BAl203. If magnesium be employeil, the magnesium nitride and oxide 
are readily removed by washing with dil. hydrochloric acid. Uranium nitride 
is a stable compound which, when heated in air, furiiislies uranium oxide, U3O3. 
H. llerzer gave 10‘044 to 10*088 for the sp. gr. at 2574 “^; and 76 * 4 : to 76*7 
for the mol, vol. It is not attacked by cone. hydrochlruLc or sulphuric acid, 
but oxidizing acids quickly decompose it. It is not changed by alkali-lye, bub 
gives ofi ammonia when fused with potassium hydroxide. 11 . Moissan's prepa- 
ration was decom]iosed by boiling alkali-lye. 0. lleusler found that nitrogen 
reacts with heated uramuin earbide in three stages, first forming uranium pentita* 
dinitride, U5N2, thus : 5UC2+N2^U5N2+100 ; then uranium pentitatetra- 
nitride, U5N4, thus: U5N2 + N2#U5N4; and finally tritatetranitride : 3U6N4 
-|-4N2^r)I]gN4. Both the p^ntiiadinitride and the pentitatetranitride are soluble 
in dil. hydrochloric acid and all the nitrogen goes into solu. as ammonia. A. Kemcle 
noted that uranium nitride exhibits a photoelectric effect. 

H. N. Warren rejiorted a manganese nitride to be formed by passing ammonia 
over heated manganese oxide, but 0. Prclingcr was imable to confirm this. A. Guntz 
observed a trace among ])roducts obtained on heating manganese in nitrogen 
peroxide. W. C. llera^us found that manganese in an atm. of nitrogen at 1210'- 
1220 ° probably forms a nitride ; and N. Tschischewsky heated 97 jier cent, man- 
ganese in an atm. of ammonia and found that the metal absorbed the following 
percentage proportions of nitrogen at different temp. ; 

330“ 400“ 500“ 650" 000* 700" BOO" 900" 1000" 1100" 1200" 

Nj . 0-10 0-68 2-03 D-22 14-39 14-.36 4-36 10-69 7-20 4 00 1-73 

and with ammonia in place of nitrogen, 

400" 500" 0f»O* 700“ 800" 000" 1000" 1100" 1200" 1300“ 

N, . 0 08 0-37 1-41 3-2 6-48 7-3 7-8 5-23 3-2!> 1-66 


The results are plotted in Fig. 15 , G. Tammann observed a reaetion at 7 t) 0 ° 

between nitrogen and manganese. E. Wedekind 
and T. Veit obtained mangauese hepUtadiui- 
tiide, Mn7N2, by the action of ainmonia on 
manganese heated by the oxyhydrogen flame, 
and found it to have stronger magnetic pro- 
perties than the dipeutita- or ditrita-uitridcH. 
It is readily attacked by acids and alkalies. 
0 . Frclingcr showed that when powdered manga- 
nese oxidizes in air, some nitride is formed, and 
that when finely divided manganese, obtained 
by beating the amalgam, is heated in an atm. 
of nitrogen, or when the mercury is driven 
from manganese-amalgam in an atm. of nitrogen, 
manganese pentitadinitride, Mn5N2, is formed. F. Haber and G. van Oordt said that 
this nitride, so formed, is a mixture of manganese oxide and the ditritanitride. 
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According to 0. Fielinger, the dipeutitamtride has a dull, metallic lustre, and, when 
finely divided, is som cwhat darker than powdered manganese. On heating in a stream 
uf hydrogen, ammonia is formed, whilst if hydrogen sulphide is substituted for the 
element, ammonium sulphide results. On treatment with ammonium chloride soln., 
ammonia, hydrogen, and the double chloride of manganese and ammonium are 
obtained: Mu^JN2^-20NH4Cl=12NH3+2H2+5(NH4)2Mn^, and on fusion with 
nauslic alkali much ammonia is liberated. When this nitride is heated in ammonia, 
it forms manganese tritadinitlidei Mn 3 N 2 ; and the same compound is formed if 
ammonia be substituted for nitrogen in the preparation of the preceding compound, 
H. Haidtung employed this process working at 7W°-850'’ for 2-^ hrs. F. Haber 
and G. van Oordt, however, consider that this is the product of heating manganese- 
amalgam in nitrogen. G. G. Henderson and J. C. Galletly prepared this nitride by 
the action of ammonia on finely powdered iron at 800^ F. Fischer and co-workers 
made manganese nitride by the method indicated in connection with Fig. 11. 
According to 0. Froliugcr, the colour of the ditritanitride is the darker ; it easily 
anuiires a lustre under jiress. ; its sp. gr. is G'21 at 18°/4°. H. Hardtung gave 1000° 
fur the teiii]). of foimalion, and llOO" for the temp, of decomposiliun. H. Herzer 
gave 5r)0^ for the temp, of decomposition. 0. Frehnger said that manganese 
lutridc behaves like the dipenlitanitride towards hydrogen, hydrogen sulphide, 
ami iiotussium hydroxide, 1, 1. Shukoff gave 1818 to 22'62 mhos for the electrical 
loiiductivity of the powdered nitride. F. Haber and G. van Oordt studied 
1 lie production of aiumoiiia by the action of hydrogen on manganese nitride at 530° ; 
and 11. Hardtung, between 400° and 960°. A temp, of 850° was found to bo most 
suitable. Arcording to 0. Frelinger, nitric acid dissolves manganese nitride only 
when hot ; hyrirochloric acid acts on it only in the presence of platinum ; aqua 
regia dissolves it slowly ; sulphuric acid acts only when hot, and with the cone, acid, 
sulphur dioxide is forinud ; acetic acid has no action ; water slowly forms ammonia ; 
poldsli-lye acts slowly in the cold, rapidly when heated, giving off ammonia ; and 
when healed in nitrogen, the dipentitanitride is formed. H. Hardtung observerl 
no evidence of the formation ol cyanides by the action of carbon monoxide or 
dioxide on manganese nitride. E. AVedekind found that neither the dipentitanitride 
nor the diiritauitrido shows any ferromagnetism when heated ; but when cold the 
diheptitanilTule is most magnetic, and the ditritanitride, least. 0. Ficlingei 
considers that manganese is quinquevalent in the dipentitanitride, and terva- 
Iciii in the ditritanitride. I. 1. Shukofi regarded the manganese nitrides as 
solid soln. 

In 1808, A. B. Bcrthollet found that when dry ammonia is passed over iron 
wire at a red-heat, the gas is decomposed into its elements, and the iron becomes 
very brittle, though it doevS not perceptibly increase in weight ; L. J. Thjnard said 
that the increase does not amount to 0*2 per cent. ; and F. Savart added that after 
a 2 hrs,’ passage of the gas, the iron appeared brittle ; it e.Yhibited the fine-grained 
fracture of steel and could be hardened like steel ; but after 9 hrs.’ passage, the 
metal was softer than common iron and no longer admitted of being hardened ; 
the hp. gr, fell from 7-788 to 7-6637. G. Despretz, however, said that if ammonia, 
freed from moisture and carbon dioxide, be passed 5-8 hrs. over red-hot iron there 
iB an increase in weight amounting to 7-11-5 parts per IQO parts of iron, and iron 
nitride is formed. This result was confirmed by H. Buff, F. Qrobe, A. H. Allen, 
G. J. Fowler, A. Rossel, G. T. Beilby and 6. 6. Henderson, A. H. White and 
L. Kirschbraun, E. B. Maxted, and G. Charpy and S. Bomiert. 

An iron nitride occurs in nature. 0. Silvestri found it as a very thin coating 
on the lava from the volcanic eruption at Mount Etna in 1874. The non-crystalline 
powder was silvery white ; its sp. gr. was 3-147 ; it was slowly attacked by 
ftcida; and it had a composition corresponding with Fe 5 N 2 — some free iron was 
probably present. 0. Silvestri called the mineral eiderazoie; and A. d’Achiardi, 
wloMfrife— after its discoverer. 

Nitrogen is slightly soluble in iron, and E. Jurisch showed that its solubility is 
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proportional to the square root of the press. At 760 mm. press., 100 grms. of 
reduced iron absorbed 

878 " 030 " 083 " 1033 " 1084 ’ 1136 ’ 

Mgrma. N,. . . . 1*68 21*00 21*03 20*22 10*73 18-R6 

Abso^tion commenced at about 850°. A. Sieverts and W. Krumbhaar also showed 
that iron and steel absorb small quantities of the gas above 1200°. A. Sieverts 
found that when the reduced metal is continuously heated in the gas, a small amount 
is absorbed, and a little absorption was found to occur at ordinary temp, by 
A. W. F. Rogstadius, and F. Briegleb and A. Geuther. 1. 1. Shukofi detected no 
absorption of nitrogen by iron at 1250°. H. Braune found 0'02--0-062 per cent, of 
nitrogen in various samples of iron and steel. Grey pig iron had 0*002-0*020 per 
cent. ; basic bessemer white pig iron, 0*020-0*030 ; basic open-hearth white pig 
iron, 0*025-0*035; forge wliite pig iron, 0*030-0*035; puddle bar for wire, 
0*025-0*030 ; Swedish hearth iron, 0*006-0*008 ; basic open hearth steel, 0-0*030 ; 
acid besscmcT sted up to 0*060. These numbers are probably all too high. 
This subject has been also discussed by B. Strauss, K. Iwase, A. Bramley, 
E. H. Schulz and R. Frerich, J. Petrdn and A. Grabe, etc. According to 
J. H. Andrews, and A. W. F. Rogstadius, the absor])tion occurred when the 
metal is melted in the gas at a high press. ; the foimci worked at 1000 atm. 
As indicated below, there is no evidence of the formation of a nitride by the direct 
union of the two elements, although many metallurgists — e.g. H. Braune, 
A. Poured, J. H. Andrews, and N, Tschischewsky— say that the absorbed nitrogen 
docs form a nitride— if so, probably in the cooling metal, owing to the influence 
of other dements, and the action may be rdated to that which occurs during 
the formation of cyanides in the furnace. H. Wolfram found that pjrrophoric 
a iron begins to absorb nitrogen at 100° ; and pure iron can retain 0'033 per 
cent, of nitrogen at its sintering temp. He found the following percentage 
proportions respectively in untreated iron and in iron after heating it in an atm. 
of ammonia : Purified iron, 0*0 and 0*033 ; skiegelciRcn, 0-025 and 0-059 ; 80 per 
cent, ferromanganese, 0-039 and 0*46 ; manganese by the thermite piocesR, 0*01 
and 6*3 ; grey iron, 0-033 and 0*054; white iron, 0*011 and 0-017 ; sted, 0-022 
and 0*03 ; phosphoriferous iron, 0-023 and 0-028 ; iron carbide, 0*035 and 0-045 ; 
ferronickd, 0-029 and 0-055 ; and feirotungston, 0-019 and 0-023. Hence, the 
presence of manganese particularly favours the absorption of nitrogen. Accord- 
ing to E. Tilche, in the production of iron nitride and its subsequent conversion 
into ammonia by treatment with hydrogen, the gases are expos^ to the action 
of a radioactive material, and the iron raised to a high electric potential 
and heated to redness during its treatment with nitrogen. 1. Musatti 
and M. Croce studied the action of nitrogen during the cementation of steel. 
H. Braune said that the nitrogen in iron is exclusively combined with the ferrite, 
and not with the carbides ; in ferrite the iron nitride is in solid soln. lowering the 
m.p., and the degree of solubility of the carbides. The absorbed nitrogen affects 
very materially the mechanical properties of the metal. Thus, J. H. Andrews found 
that 0-3 per cent, of nitrogen entirely suppresses the critical changes which occur in 
pure iron ; and 0*25 per cent, of nitrogen and 0-6 per cent, of carbon lower the 
AT 2 -point, thus preserving the iron in they-form. N. Tschischewsky examined the 
effect of carbon, manganese, silicon, and aluminium on nitrogenous iron. H. Braune 
said that nitrogen increased the tensile strength of iron, and decreased the elongation; 
thus a steel with 1-15 per cent, of carbon had no elongation, and became entirely 
brittle with 0-030-0*035 per cent, of nitrogen. The results of some of 
N. Tsehischewsky's experiments on the elastic limit and elongation of iron wires 
containing nitrogen are shown in Fig. 16. More nitrogen is required to make the 
elongation vanish, with steel containing less carbon. The hardness increases os 
the proportion of nitrogen increases : a rod of soft iron which had been heated to 800° 
in ammonia became so hard that it could hi\ used as a drill ; and a tube of malleable 
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iron booBme bo brittlB that it could he broken by a blow from a hammer. H. Branne 
said that every O-Ol per cent, of nitrogen inoreaaeB the electrical resistance of iron 3-23 
per cent. ; and it acts on the magnetic properties like 

a ilditional carbon. The subj eel has also been discussed |l I I I I I I 1^ | 
i)V H. le Chatelicr, G. T. Bcilby and 6 . G. Henderson, | ^ 
y. W. Harbord and T. Twynam, W. Gicsen, g/* 
c! B. Sttomeycr, A. A. Blue, E. A. Sj 6 ste<l, H. Herwig, ^ ^')j 

P. Klinger, A. Fry, H. Thnlander, L. Jordan and _ jCrH-I j T 
F. K. Bwindells, A. (Jrabe, J. E. Johnson, L. E. Barton, ,5 i L ^ | J ^ ^ 

\f{. B. Ruder and G. R. Brophy, G. F. Comstork s gj_ _^u_ 5 J 

and W. K. Ruder, A. E. White and J. S. Vanick,’ and / M M >4J jS 
(', B. Bawyer. The relation of nitrogen and ammonia “ rj ^i i 
to the corrodibility of iron and steel has been dis- Limit and 

L'lisaod by 0. A. Knight and 11. iJ. JMorthrup, and Elmigation of Nitrogenous 
II. E. Whpplrr. Iron. 


In order to prepare the nitride, the iron should be 
111 a finely divided condition, and a rapid current of ammonia, free from moistura 
and oxygen, should be employed. G. Tanimann studied the reaction between 
nitrogen and iron. The most favourable temp, is 45()‘’-47D°. The nitride formed 
hy the action of ammonia on iron has about 11 per eent. of combined nitrogen. 
Tins agrees with iron henunitride, Fe 2 N, or Fe 4 N 2 . E. Fremy, and II. Tlerzer 
regard it as iron pentitadinitride, Fe 5 N 2 . The nitride is decomposed at 6Q0°-670'’. 
H. Hanltung found 450M7f»° to be the most suitable temp, for the production 
(if iron nil ride. On the other hand, V Uerrmanu said that at 1200 ° iron 


heniinitride is formed quaiitilatively and 
K'Hclily. N. Tschisehewsky found that 
uith samples of iron, the maximum 
iiiiinuut of nitride formed with purified 
' 1(01 is at 450°, Fig. 17, while \ng iron 
and soft iron are sat. at about 61K)°. Tho 
higher projiortion with sat. pig iron is 
not attributed to the action of carbon, 
hul ralher to “the finer stale of the 
material.*’ The retention of nitrogen by 
iron and si eel is due to the presence of 
oilier imjmrities— r silicon, titanium, 
ele. The lieiiiinitniJe was made by 
E Fremy, H. N. WarK'ii, F. Girardet, and 
(J. .1. Fowler by heating ferrous chloride 
or bromide in ammonia. II. Hanemann 



FiQ. 17- — ^EfToct of Aimnonia on Iron at 
DifEerent Temperaturcha 


used eleelrolvtic iron foil; A. II. Wlritc ui ui » 

and L. Kirselibraun, spongy iron ; aud G. J. Fowler, iron-amalgam. E. Fremy, 
and F. Rriegleb and A. Geutlier reported that at a dull red-heat iron can un,iie 
dirertly with nitrogen, but C. Stahlschmidt, and E. Baur aud G. L. Voermau were 
iiiuible to confirm this by working at ordinary jircss. ; G. J. lowlor, by working 
with the iron and nitrogen in a sealed tube ; and E. B. Maxted, by working at 
21 XM) atm. press. D. Walk, however, did say that if a mixture of barium and iron 
amalgams be quickly heated to 1000 ° in an atm. of nitrogen some iron uitrido 
is formed. This statement, however, has not been eonfirmed. 

Tlie heminitrirle is coiupletcly decomposed abovi* C 00 ° when heated in nitrogen, 
below 6 fX)°, it possibly forms a more stable iron fvtrifunitndi^ Aeeordmg o 

A, Fry, iron* heminitride begins to break down at 140°, and on healing above la 
temp., it forms iron ti'tritanitridp containing 5‘9 per cent, of nitrogen o 

tetritanitride be heated to 500°, and cooled to 480°, it becomes magnetic. Un 
heating to 630° magnetism again occurs, and is stronger the longer tht' lieaung 
period. The substance formed by the breaking up of the solid soln. wit per 
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cent, nitrogen at 630*^, undergoes a magnetic transformation at 740°. A. Fry 
represented his results by Fig, 18, whore the region above ABC represenls y-iron ; 

the lines AFB and AEG respectively denote 
the beginning and end of the separation of the 
solid soln. rich in iron ; GBH represents the 
eutectic line with the separation of nitiide-II 
(solid soln.-nitridc needles] ; DEF, the magnetic 
transformation nf nitrogenous ferrite ; and 
LM, the magnetic transformation of the bodies 
produced by tlic decomposition of nitride-II. 
According to A. A. Noyes and L. B. Smith, if 
the equilibrium constant of the general reaction 
2 Fe„N+,*lI] 2 =^ 2 Fe„-[ 2NHa be expressed by 
^ Kit and that of the reaction N2+3ir2 -2NH8 

Fm. 18 —The System Iron-Nitrogen. 1*7 *’ 2 . the dissociaiiou iiress. of iron nitride ran 

be expressed by A\/7i2- The value of Ko at 
460°, ralrnlated from known data, is 5-1 0 X 10“ 5. If | he ratio Fe : N in the solid ]>liaBe 
be greater than 9, the equilibrium constant A’'j=(PjiH,)V(^iraP remains at 0-8-1 -2, 
indicating jirnbably the existence of a stable nitride, FcpN. When the Fe : N ratio 
becomes 7*7, the constant becomes 5-2 and increases to 30 whh Fe : N--4’9 : 1 ; 
finally with Fe:N- 2-6:1, the value of Ki falls again to 2-1. These stages 
may correspond with the formation of metaslable nitrides surh as Fe^X in solid 
soln. with the first, FcgN, or of two metastable nitrides such «s FcqN and Fe^N as 
separate solid fihases ; and finally of a stable nitride, probably FeoN. The dissocia- 
tion press, of the nitrides in the above solid phases were calculated from A'l/A'g, 
and were found to he 20,0(X), 102,000, 590,000, and 41,000 atm. respectively. If, 
in the above reaction, complete equilibrium were eslablishiMl, all but alxnii 0*1 
per cent, of the ammonia would be dissociated, and the iron nitride, with its high 
dissociation press., would not form at all. 

On heating iron in a current of ammonia at 6ftU°, the tntaearlnde, Fr‘./\ present 
loses its total carbon and changes into the heminitride, Fe 2 N. Two nitride layers 
are formed, the outer one, after quenching, contains over 8 ])er ciuit . nitrogen and 
consists of mixed crystals of heminitride, and the inner one consists of mixed 
CT}^stals of the tritauitrirle. Jn the ease of ordinary iron, these layci.s, though very 
hard, are too brittle to be of practical use. If, however, an alloy-steel with cobalt, 
vanadium, chromium, aluminium, titanium, or of chromium with one other element, 
is heated in ammonia at about 500"', more nitrogen goes into solid soln. than is the 
case with pure iron, and a very hard crust is obi amed which docs not flake ofl. The 
depth of the nitride layer is about 0*7 mm. The hardiie.SB eannot be increased by 
quenching, and is not reduced by slow heating to 440°. Abovi* 560°, the nitride 
begins to decompose, and this is accompanied by a rorrespomling decrease of hard- 
ness. It is thought probable that from its mode of preparation, some uiicliangeil 
iron would be present. I'he normal ferrous nitride, or iron tritadinitride, Fe^Ngi 
was made by A. Guntz, by the action of lithium nitride on potassiuui cklornfeiiito ; 
by using potassium chloroferrate, he obtained black-coloured ferric nitride. FcN. 
Iron tritadinitride may be pcntitadinitride. F. W. Bergstrom propareil impure 
ferrous nitride by the action of ferrous tetramminothiocyanate on potassamidc ; 
and also by treating ferrous bromide with jiotassamidc and then with a soln. of 
ammonium thiocyanate in liquid ammonia. 

Iron heminitride is a dull grey powder which easily dis8olve.s in dil. hydrochloric 
or sulphuric acid, forming ammonium and ferrous saltiS, and hydrogen. 
E. B. Maxted's arguments in favour of the view that the composition is Fe 3 N 2 not 
FD 4 N 2 (or Fe 2 N), and that the so-called heminitride is a solid soln. of iron and 
the ditritanitride, FegN 2 +Fe^Fe 4 N 2 , as advocated by A. H White and L. Kirsch- 
braun, are : (i) nitrides with more nitrogen than is required for the latter formulse 
Arc easily made ; (ii) the mode of formation does not ensure the conversion of all the 
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iroB into nitride ; (iii) the analogy with other nitrides ; (iv) the ezistence of 
A, Guntz’s FegNj, that is, Fe : N.Fe.N : Fe ; and the transformation into foitons 
and smmoninm chlorides by the action of acids: Fe3N2+Fe+10HC9[=:H2+O'ed2 
4 2NH4CI ; and Fe4N2+10HCl=H2H-^eCl2+2N^Cl. The mol. wt. of this 
nitride is unknown. The contained iron is ther^oie assumed to be in the bivalent 
Btate, and the nitrogen tervalcnt. The graphic formula, given by 0. J. Fowler and 

F. J. Hartog, is : 

G. J. Fowler gave 6*25 for the sp. gr. — C. Despretz's old value is 5-0. H. Herzer 

gave B'DBf) to 6’992 for the sp gr. at 25®/4® ; and 44*0 for the mol. vol. Q. J. Fowler 
and P. J. Hartog found the heat of soln. in dil. sulphuric acid to be 81*56 Cals., 
and Ihe heat of formation, 2Fe+N2as=Fe2N+3'4 Cals. 0. ('harpy and S. Bounerot 
fallowed that ihe nitride begins to decompose when heated to 5(X)''' in vacuo or 
in a current of nitrogen ; and decomposition is rapid about 600^, This decom- 
position occurs under 18 atm. press., so that no formation of nitride is possible in 
nitrogen at these temp. H. Herzer gave 5(X)‘' for the temp, of decomposition. 
K. Baur and G. L. Voemian found that when heated, the nitride decomposes 
into its constituents ; at 350°, the dissociation is not perceptible ; at 500°, the 
dissociation is very marked, and since at 600°, and 14 aim. press., no union of 
iron and nitrogen occurs, the maximum press, is greater than 14 atm. The 
reaction 2Fe2N-t 3H2?^4FiiH-2NH3 is reversiblr*, and the equilibrium constant, 
A'- where p denotes the partial press, of ammonia, and pi that of hydrogen. 
At 480° ±3°, If —6*8x10”*, and the dissociation iiresH. is of the order 10* atm. 
Ah in the ease of chromium nitride, the dissoeiatiun docs not proceed until a definite 
dbfaociation press, has been attained, and then cease, rather does this press, exhibit 
a blow and continuous increase. This is taken to mean that iron and iron nitride 
do not form two constant phases, but rather one continuous phase. A. A. Noyes 
and L. B. Smith represent the system as one involving the reacLions (i) 2FejrN-|-3H2 
#2rFe+2Nll3, whore (pn,)’*A'i-(pMr^)2 ; (li) N2-hMl2^2NH3, where 
pN2(Pu )2iir2 - (Pnh,)“i a-Jid it is known that RT log 21400— 11*07 log T 
+0*00235rH22*Or, and for 460°, 7=460+273, and Ifg-D lOxlO-s ; (iii) 
2Fp,Nr‘2a:Fe+N2, wheic (solid phase). If all the reactions arc in 

equilibrium, 7jc,=Ai/A’2. The equilibrium constant at 400° was found to vary 
'viitb the proportion of nitrogen in the solid phase so that for 


Tlalio Fo : N 

. 17:J-B;1 

7*7: 1 

4 9:1 

2-6:1 

A, . . . . 

. 10 

6-2 

30 0 

21 

Diasoc. prosB. 

20,000 

102,000 

500,000 

41,000 


These values of Ei ore taken to mean that there is first a formation of a nitride 
of small nitrogen content, say FcgN ; then, either a mctastable nitride as Fe4N in 
solid soln. with the first one, or of two separate metastablc nitrides os Fe^N and 
J^'4N as separate solid phases ; and finally, of a stable nitride, say Fe2N. By 
( oinbining Ki with the dissociation press. were calculated. According to 
E B. Maxted, iron nitride is only weakly magnetic; and the cCoct of various 
proportions of nitrogen on the magnetic properties of iron are illustrated by the 
eiirves, Fig. 1 B, showing the relation between the magnetic induction, B, and the 
magnel izing force, H ; and Fig. 18, showing the relation between the permeability, u, 
and the magnetizing force, H. £. Gumlich found the permeability of iron of the 
highest degree of purity to be 14,600 C.G.S. units. 

£. Baui and G. L. Yoerman studied the action of hydrogen — vute supra. Accord- 
ing to G. J. Fowler, in wvr or oxygen, there is a very slight action at 120° ; and oxida- 
tion is visible at 200°— brown ferric oxide is formed, but no nitrogen is oxidized ; 
water vapour, at 1000°, produces a slow evolution of ammonia. A. Kossel prepared 
a nitride, which is readily decomposed by water, by heating a mixtiu-e of finely 
powdered calcium carbide and powdered iron while exposed to air. G. J. Fowler 
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ahowed that very little il any nitrogen is oxidized during the simultanoouB action 
of acids and hyiTogm diofidp. The nitride takes fire spontaneously, or else on 
warmings when placed in clihrine gas — ^ferric chloride and nitrogen, but not nitiogon 
chloride, were formed — ^with chromate-wator, iron and ammonium chlorides are 
formed. The attack of hromim is slow, even on warming, and ammonium bromide 
is formed. An ethereal soln. of todtne does not attack the nitride. Cold hydrogen 
chloride does not attack the nitride ; chemical action begins about 220°, and is 
rapid at 350°, forming ferrous and ammonium chlorides. Dil. hydrochloric ahd 
s^dphurk acidSy as indicated above, dissolve the nitride, forming ferrous and 
ammonium chlorides. The attack by hythogen sulphide begins about 200° : 



FlO. 19 — ^Relation between Magnetizing 
F orce and Inductinn. 



Fio 20 - Relation een Magne- 
tizuig Fori'e and IVnneahilit} 


2FP2N+6H2S=4FeS+2NH4HS-|- H 2 . The nitride is attacked by cone. n\U\r 
arid slowly — ammonium nitrate and nitrous and nitric oxides are furmerl. 
Oxidation of mine ojtdc began about 120^ and became rapid at 170 , and nitrogen is 
formed: Fe2N+2NO— 2FeO-fN2. No sign of the formation of cyanides was 
observed by heating a mixture of iron nitride and carhn, but if sodium he present, 
sodium cyanide is produced. There is a slight reaction with carbarn mntioxide at 
a red-heat, but no cyanogen was evolved; with carbon dioiidc at 448* -53^° some 
nitride is oxidized. No appreciable change occurred when iron nitridi' and plbeaU 
were heated in a sealed tube at 220° ; and with ethyl iodide, no action was observed 
below 150°; and, at 200°-230°, the reaction appeared to be: 2Fe2N+l0C'2llfiI 
=2NH4l+10C2ll4H-4Fel2+Tl2. A neutral soln of copper sulphate has no aetioii 
on iron uitnde, but if the soln. be slightly acidified, copper is prccijiitated and 
ammonium sulphate is formed. 

E, Frdmy observed that cobalt nitride is not formed when cobalt sosqui oxide 
or cobalt chloride is heated in ammonia gas ; G. Tammann observed no reaetion 
between nitrogen and cobalt at 700°. According to F. Vorster, the small obser^'od 
increase in weight which occurs when powdered cobalt is heated in ammonia is 
really due to oiddation owing to the presence of traces of air. The cobalt, however, 
decomposes the ammonia into its elements ; cobaltic hydroxide is not chaeged by 
ammonia gas at 1 70° ; and an alcoholic or aq. soln, of ammonia 111 a sealed tube with 
cobalt sesquioxide produces no change. II. N. Warren said that when cobalt oxide 
or chloride is heated in ammonia gas, a nitride is formi'd W. II. Jludgkiiison and 
C. U. Trench heated cobalt sulphate in ainmoiiia gas and observed the formation of 
an oxide and sulphide, but no nitride. E. St. Edme said that when cobalt is main- 
tained at a red-heat for a considerable time in an atm. of nitrogen, the metal becomes 
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pasaive towaida nitric acid, preaiimably owing to the formation of a superficial 
film of cobalt nitride. A. Sieyerta said tbat cobalt and nitrogen do not form a 
nitride at a temp, over 1150°. G. T. Beilby and G. G. Hetfderson boated cobalt 
in a current of ammonia, and starting the action at 470^ and subsequently lowering 
thn temp., they obtained a product with 10*33 per cent, of nitrogen. A. C. Voumasos 
allowed a mii^ure of cobalt cyanide and oxide to fall in small quantities at a time 
through an electric arc between carbon poles in an atm. of nitrogen. The brown 
product corresponded with Cobalt tritaffinitride* C03N2. F. W. Bergstrom obtained 
robaltouB nitride, C08N2, as a black solid, by heating cobaltous amide to 120°. It 
iH almost unafiected by water. P. Herrmann said that powdered cobalt at 1300°, 
docs not form a compound with cither nitrogen or ammonia, but there is a markpd 
volatilization of the metal. The metal in ammonia at 300° inoreascs in weight, and 
when kppt a long time at 250°, cobalt tiitanitride, C03N, appears to be formed in 
very small amounts. 

W. B. Grove obtained a product, thought to be mckA nitride, by the method ho 
employed for zinc nitride. Q. Tammann observed no reaction between nitrogen 
and cobalt at 700°. F, Vorster found that at 200°, nickel sesquioxide is reduced to 
nickel monoxide, and at a higher temp, to nickel ; nickel hydroxide is not attacked 
by ammonia at 170° ; and in a sealed tube at 150°, aq. ammonia slowly reduces 
nirkel sesquioxide to nickel monoxide with the probable formation of nitric acid. 
In no case was nickel nitride produced. H. N. Warren believed he had produced 
nickel nitride by a process analogous to that used for cobalt nitride. F. Herrmann 
found that nickel chloride is reduced by ammonia at 500°, forming nickel. Finely 
divided nickel at 1400° docs not react with either nitrogen or ammonia, but some 
metal is volatilized. At 50°, nickel powder absorbs some ammonia gas. When 
powdered nickel, or nickel chloride, is heated in a sealed tube with aq. ammonia, 
nickel hydroxide is formed, and in the absence of water, the nickel powder remains 
unchanged. P. Herrmann, and A. Smits obtained a black mass, probably nickel 
nitride, by heating dry nickelous chloride with magnesium nitride. G. T. Beilby 
und G. G. Henderson heated nickel in a current of ammonia at 500°, and obtained 
a product with 7*5 per cent, of nitrogen. A. C. Voumasos prepared nickel 
tritadinitride, NisN^, by a process similai to that used for the corresponding cobalt 
nitride. G. ti. Bobart prepared the tritadinitridc by heating nickdamidc in vacuo 
at 120°. Nickel tritadinitridc is a dull black powder which, under the microscope, 
consists of minute, roughly spherical particles. With steam at a red-heat, ammonia 
is evolved ; and ammoiua and hydrogen are evolved when the nitride is heated 
to redness in hydrogen. A. C. Voumasos said that the nitride bums in oxygen ti> 
nirkel peroxide. It is soluble in dil. hydrochloric or sulphuric acid, forming nickel 
and ammonium salts. According to F. Wolfers, nickel is attacked by nitrogen at 
about 300°, producing a volatile nitride which is unstable at 600°. The volatile 
nitride is said to attack platinum. 

F. Fischer and F. Schroter ^3 said that the platinum metals do not form nitrides. 

G. T. Beilby and G. G. Henderson observed that while beating platinum in ammonia 

produced no platumm nitride, a profound change in the physical structure of the 
metal occurred; and G. G. Henderson and J. C. Gallctly obtained a similar result 
with respect to nitride. L. Arons believed that he obtained a fine sub- 

limate of nitride when an arc is made between platinum electrodes in nitrogen. 

H. M. Jorgensen, and H, Wolflram obtained an explosive black powder, thought 
to be platinum nitride, by heating platinum etliylamminoclilorides. L. TschugacS 
obtained indications of the formation of a platinum nitride in the reduction of 
potassium chloroplatinite with tertiary amines. 
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§ 18. The HiBtory ot Ammonia 

In the Histaria of Herodotus (4. 1 81), written in the fifth century before out 
era, it is said that “ there are pieces of salt in large lumps on the hiUs ” of Libya, 
and the Ammonians, who lived there, have a temple resembling that of Theban 
Jupiter.” The first-century writers, Strabo, in his Gcographica (1. 3, 4), and 
Dioscorides, in his De medicinali materia (5. 126), allude to this salt ; while Pliny, 
in his HistoricB naiuraUs (81. 41, c. 77), referred to a variety of salt called ham^nania- 
cufTH-from afjLfios^m allusion to its occurring in the sands ; he also referred to the 
calcination of nitrum producing a “ vehement odour.” This shows that a number 
of salts were confused under one term (2. 20, 1). G, Apioius, in his De rc culinaria, 
also written in the first century of our era, mentioned the use of sal ammo7iiacum 
in cooking ; and a similar term was employed in the second century by Arrian, 
in his ^EyxeipiSiov ; in the fifth century by Simplicius, in his commentary on 
Arrian’s £nc%iru/ton; and about the same time by Mtius in his Mediew artis 
principes, Dioscorides pointed out that afifiuiviaKov possessed a fibrous structure 
which enabled it to be readily divided, and to be thus easily distinguished from 
common salt. Nevertheless, in all these cases, II. Kopp^ was able to say that 
sal ammoniacum was considered to be the same as rock-salt. The Latin translations 
of some of the Arabic writers of the eleventh and twelfth centuries— Albucases’ 
or Alzaharavius’ Servitor; Avicenna’s Fractatulus akhmiw; and Geber’s De 
imestigiofie magisterii-- applied the term sel ammoniacum to what is now known as 
sal ammoniar. Basil Valentine speaks of sal ammoniac, Armenian salt, salt from 
Armenia, and Armenian sal ammoniac ; and from the sixteenth ccJitury onwards, 
writers— A. Cfiosalpinus, J. R. Glauber, G. Agricola, A. Libavius, F. Sylvius de la 
Boe, N. Lemory, etc.— used the term sal ammoniacum or sal armeniacum for 
ammonium chloride as distinct from sodium chloride, or for salts containing volatile 
alkali as distinct from those containing fixed alkali ; and towards the end of the 
seventeenth century the term sd ammoniac was in almost general use for aminoniuiu 
chloride. II. Eopp said that sal ammoniac was probably first brought to Europe 
from Asia Minor, where it occurred naturally, and was hence called Armenian salt. 
A. Csesalpinus said that it was made ex vrina chamdorum. The preparation was 
described in Geber’s De investigatianc magisterii somewhat as follows : 

Sal ammoniac is mode from two ports of human urine, one part of the sweat (sudoris) 
of the same, one i>art of common salt, and one and a lialf parts of the soot of logs or sticks. 
When these have boon heated together until the moisture is evaporated, true end useful 
sal ammoniac is subliTned. Mix the product with common salt and subhmate again, whou 
the preparation is L'onipleto. 

This mode of preparation reappeared in various forms in the works of later writers 
— e.j. N. Lemcry, and A. libavius. R. Boyle said : 

Thou^ sal-ammoniac that is mode in the East may consist in great part of earners 
urine, yet, that wliiuli is made in Europe, and is commonly sold in our shops, is made from 
men’s urine. . . . Sal-ammoniac might be made muoii cheaper if, instep of fetching it 
beyond the sea, our country-men mode it at homo ; which it may easily be, and 1 am ready 
to give you the receipt, wliirh is no great secret. 

In 1716, C. Sicard, and in 1751, F. Hasselquist described the Egyptian 
method of making sal ammoniac; in 1719, L. Lemery showed how the salt 
was obtained directly from the soot collected in buining camel’s dung; and 
in 1736, H. L. Duhamel du Monccau found that salt is not necessary in Geber’s 
recipe, and that the soot is a purifying agent. In 1563, L, Thumeyssei reported 
that sal ammoniac was made in Europe earlier than 834 A.t>., but H. Kopp said 
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that this report ifl given mit seiner gewShnUchen IifigenhS/ligieit. Bal anunoniac was 
manufactured at Edinburgh in 1766^ at Brunswick in 1759, and at Paris in 1770. 

In the Jjatin translation of Oeber’s Testamenivm there is a note : Dg salibus 
an iinaJium, piscium, volatHium, vegetabihutni et aliontem, from which it appears to 
be highly probable that he obtained volatile alkali or liquor ammonia by heating 
some of these products, but he recorded no specific observations on this subject. In 
the fourteenth century, Baymond Lully, the assumed author of ExperimetUaf dated 
1330, alluded definitely to aqua ammonia as mercunus mitnalis or spiritus am'molis, 
for he said : 

Take in goodly quantity the early moming urine of boys from eight to twelve years of 
iige. J^lace ibis in a glass alembic to rompletely putrefy. ... See that the beak of the 
lilcmlar is wide and oijen else the salt rising from the bottom of the alembic and sublimating 
will cbnLe the neck of the beak When they flow into tho roreivor, which if they do they 
will break liio vessol, as happened in my case . . , you will cloor out the salts witli care 
luid will keep them in a glass vohsol well rorkod, for the salt is very volatile. . . . Beware 
of the fumes when opening the bottle, they oie very pungent 

About the middle of the fourteenth century, Johann de Bupescissa, or Boque- 
tailladc, referred to a substance which gave precipitates with metallic salt soln., and 
which was obtained by heating animal products in a closed vessel. Isaac Hollandus, 
M i-entury later, called it spiritus sdis ufinm; and this was followed by analogous 
allubioiis to this substance, by J. lldayow; A. Sala — spirUm wuim; J. B. van Hel- 
mont— salis latit, ot spirifis salts cruom; J. K. Glauber — spiritus urincB 
or spifUus vola:fi!is salts arnmiaci, 0. Tacben, B. Dossic, and A. Sala said 
that if spiriitts unner (aq. ammonia) be mixed with spintus salis (hydrochloric 
acid) llie product is in all respects like ordinary sal ammoniac. This is con- 
sidered to be the first direct synthesis of this salt (ammonium chloride), 
J Kiinr ki'l inquired whence comes tho caustioily of the spirit of unne obtained when 
sal ammoniac is treated with quicklime, and considered that the causticity was 
i arrieil from 1 lie lime to the volatile alkali during the treatment of the sal ammoniac. 
The term spnitus unna soon bocame volatile sahs anmnmaci; and T. Bergman 
and others called it amnwr\m*U7iu Baymond Lully, B. Boyle, J. B. van Hclmout, 
N. licmery, F. Ilollmaim, C. J. Geoffroy, J. Kunckel, etc., made various allusions 
to the properties of the substance obtained by heating sal ammoniac with acids, 
alkalies, or lime. Stephen Hales found that by heating of a mixture of sal ammoniac 
and lime in u retort, although he collected no gas, the water of the pneumatic 
tiough was drawn backwards into the retort. In 1774, J. Priestley repeated the 
experiiiieiit, using mercury m his pneumatic trough, and thus definitely isolated 
ammonia gas which he named allaline air. He said ; 

1 1 oeeuTi eil t n mo that on alkaline air might lie expelled from those Bubstimrea containing 
\olatilo alkali, Aerurdingly, 1 procuird some volatile spirit of sal ammoniac, and liaving 
pul It Hitt) a thin phial, and hentod it \iith the damn of a candle, 1 presently found tliat a 
gipat [juaiitity of vapour was discliargcd liom it ; and being received in a \esbel of qiuck< 
si]\ or, it LontiJiucd in tho form of a transjiaront and permononf oir, not at all congealed by 
r uM 

For a time, it was thought that the volatile alkali, aqua ammonia, was a variety 
of fixed alkali, and that the latter could be converted into the foimer-^.^. L. C. Cadet 
do Hassicourt, and P. J. Macquer— but tins hypothesis was no longer tenable after 
J. J^jiobtloy had isolated the gas, and shown that it could be decomposed by elcctrio 
sparks so as to produce a combustible gas. In 1777, C, W. Scheele assuuied that 
volatile alkali is a compound of nitrogen and phlogiston. In 1785, C. L. BerthoUet 
found that when the gas is decompose into its constituents by means of the electric 
spark, it furnishes approximately 0*725 vol. of hydrogen to 0*275 vol. of nitrogen, 
or 0*193 grm. of hydrogen to 0-807 grm. of nitrogen. More exact data were obtained 
by W. Austin, H, Davy, W. Henry, and A. B. BerthoUet ; but the general results 
confirmed the earUer observations of C. L. BerthoUet. For ammonium, vide 4, 
SI, 38. 
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§ 14. The OcGurrenoe of Ammonia 

A. Fowlci and C. G. L. Gregory ^ foimd that many lines in tho ultra-violet 
spectra of the sun and of ammonia are the same, and it was tlierefore inferred that 
ammonia is present in Ihe absorbing atinosj^hcic of the sun. The occurrence of 
ammonia in atm. air, and in rain-water, snow, and hail has been discussed in con- 
nection with atm. air. While spring waters usually contain little or no ammonia, river- 
water and sea-wal or may have appreciable amounts. Thus, J. B. J. D. Boussingault 
reported 0-01 6 i o 4'0 mgrms. of ammonia per lit re of river-water ; and W. Kuop, U-7 to 
2-35 mgrms. J. B. J. I), Boussingault found 2-0 mgrms. of aiiinionia pci litre in 
the canal at Dieppe; A. Audoynaud, 0-16 to 1-22 nigrms. oil Palavas, near Mont- 
pellier; L. Dieulafaii, 0*221 nignn. from the Mediterranean Sea, 12 kilometres 
from Marseilles; 0*204 mgrm. off Ismaihi, 0*136 mgrm., in the Bay of Bengal, 
0*340 mgrm. off the Coast of Cochin China , 0*176 off Socalora, oil Cape Gardafoy, 
and in the waters of the Red Sea ; E. Marchand, 0*57 mgrm. in the canal at Fecamp ; 
A. Vierthaler, 13*8 mgnns. in the waters of the Adriatic Sea at Spalato; and 
T. E. Thorpe and E. 11. Morton. 1*1 ingnii. in the waters of the Irish Sea. Observa- 
tions were also made by J, Bouis, (J. Forchhammer, A. Houzcau, W, Knop, 
L. Btuddciti, and A. Tcireil. Accnrdmg to L. Diculafait, ammonia oexurs in the 
sea- water of all latitudes ; and the proportion does not inereasc with the evapora- 
tion of the water, since some escapes into the air. J. Murray reported ammonia 
in the mineral waters of Cheltenham and Gloucester ; A. Chevallier, in those of 
Passy and Chaudes Aigues ; A. J. Bechamp, in those of Vergize ; F. Parmentier, in 
the bituminous waters of Clermont, etc. The ammonia in river-waters is sometimes 
derived from sewage, the organic matter of which, in the course of its decomposi- 
tion, forms amino-acids, and then ammonium compounds. Ammonia is readily 
oxidized by certain organismR, loiming nitrites and nitrates. The presence of 
ammonia is therefore often regarded as an indication of pollution by nitrogenous 
matters — e.g. urine. 

L. Dieukfait ^ found ammonia in the deposits obtained during the evaporation 
of sea-waters, and he detected it in gypsum beds, and it is disengaged in the manii 
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faoture of plastrr of Paris from gypsum. He said tliat all saliue waters obtain their 
mineral matter from salt-bearing formations which contain a considerable quantity 
of ammoiiiacal salts. The ammonia which accompanies the boric acid emitted 
from the lagoons in Tuscany is said to be derived from the saline beds in which the 
boric acid occurs, the part played by the volcanic agent being purely mecharical. 
There is 0-07 mgrm. of ammonia per litre in the water of Lake d’Enghien, while the 
sulphur spring, fed by the lake, contains 5-06 mgmis. per litre. This is explained 
by assuming that the water from the lake passes over sediments from which it 
dissolves ammonium salts. Hence, added L. Dieulafait, all saline mineral waters 
ought to contain ammonium salts, whether these waters be sulphurous or not, 
thermal or not. A. Vogel reported ammonia in the rock-salt of Hall, Kosenheim, 
Friedrichshall, Orb, Eissingen, and Diirkheim. L. Glaser observed ammonia in 
the vicinity of a coal-deposit which had burnt at Duttweilei. The presence of 
ammonia in the vapours of the boric acid fumaroles of Monte Cerboli, etc., was 
noted by C. Blonileau, C. Schmidt, 0. Popp, and H. St. C. Deville and F. Wohler. 
Ammonium chloride was found in the vicinity of Hccla, by R. Biinson; about the 
fumaroles of the Valley of Ten Thousand Smokes, Alaska, by E. T, Allen and 
E. G. Zies; and in the vieinity of Vesuvius, by A. Scarchi, and A. Ranieri. 
The subject was diseussed by L. Palmieri, 11. St, C. Deville, 0. G. B. Daubeny, 
A. Gautier, and W. S. von Waltcrshausen. According to J. Stoklasa, tho 
ammoniuni salts found on the lower portions of tho lava of Vesuvius are not due 
to the buming of vegetation, because he found ammonia in lava at an altitude of 
{)()0 metres in places where no vegetation w present ; in th[‘ sand of the crater ; and 
in tho gases streaming out of the crater. A. del Campo found ammonium fluoride 
m a sublimate from Chinyero, Canary Islands — vide ammonium chloride (2. 20, JG), 

Soils r<‘adily adsorb gases of various kinds, and the uceurrence of ammonia in 
soils has been disLusaed by W. Knop,^ A. Mayer, A. Muntz and II, Coudon, 
E. Maiehal, ami M. ficrthelot and G. Andris The ammonia is derivcil from the 
decomposition of nitrogenous matter in the soil. P. Ehreuberg has discussed Der 
Krciblauf dcs AmmoniaLlicksioffs in der Kaiur, C. G. Gmelin observed that 
ammonia is given oQ when some minerals arc calcined. J. Bouis noti^d that most 
clays contain some ammonia. The ammonia in clays and ferruginous ores is 
su]jposcd 1 0 have been absorbed from the atm. and partly derived from the oxidation 
of iron in contact with air and moisture. M. Faraday showed that clay which has 
been heated to redness, absorbed an appreciable quantity of ammonia fiom the 
air during eight days’ exposure. J. B. J. D. Boussingault found that ferric oxide 
from the middle of a deep boring near Marmato rontaiued ammonia. The presence 
of ammonia in iron oies, dolomite, clay, soil, and other porous substances Las been 
noted by L. N. Vauquelm, A. Obevallier, M. Faraday, J. Bouis, W. Knop, A. Mayer, 
L. Dieulafait, and W. Austin. The occurrence of ammonia in iron-rust was noted 
by U. Bourdelin in 1G83, and later, by L. N. Vauquelin, M. E. Chevrcul, and 
J. Reisei ; and M. Barrc, and P. Regnard detected an odour of ammonia on breaking 
several ingots of steel, prepared by a special process, and gas escaped accompanied 
by a slight hissing noise. Analyses showed that the gas is mainly hydrogen and 
hydrocarbons — ^no ammonia or nitrogen was detected. 

F. Sylvius dc le BoM noted the occurrence of ammonia in the juices of some 
plants — e.g. the spoon-wort. A. Fleischl found that the juices of many plants 
contain ammonia. E. Schultz and H. Scliultze found it in the juice of the maple, 
birch, vine, and siigar-b^ct ; and J. von Liebig, in tobacco juices. N. Castoro 
found ammonia in the embryo of plants. A. Ilosacus found ammonia in peas, 
and indeed in all the parts of plants he investigated ; but, added E. Ucichardt, the 
stalks of swallow-wort, and of corn, are free from ammonia in spring. 11. Pellet 
said that ammonia is stored in some plants in the form of ammomum magnesium 
phosphate. E. Formanok,^ and W. Euhne reported that the expired air of animals 
Usually contains traces of ammonia. T. Rumpf, E. Hallervorden, W. Heintz, 
C. NeubaiiPT, and C M. Tidy and W B. Woordmann showed that the urine of 
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birds and reptiles has a large proportion of acid ammonium urate and the 
urine of mammals contains a small proportion this salt. The presence of 
ammonia in blood was discussed by M. Nencki and co-workers, 0. Hammarsten, 
H. Winterberg, B. Salaskin and co-workers^ M. Jacoby, G. Dujardin, R. Beaumetz 
and A. Hardy, etc. 
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§ 16. The Preparation ol Ammonia 

The methods available lor the proparatiou of ammonia can be conveniently 
arranged according to the source of the nitrogen ; (i) from free nilrogon ; (ii) by 
the reduction of nitrogen oxides ; (iii) from ammonium salts ; (iv) by the action 
of water on the nitrides, amides, etc. ; (v) by the decomposition of organic nitro- 
genous compounds ; and (vi) by bacterial action. A review of the German patents 
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oD the Bubjeot has been made by G. Schucbardt in his Die technische Oemnnwig von 
Stickstoff, Ammoniak und schmfdsaurem Ammonium (Stuttgart, 1919). 

1. Tic formation of ammonia from elemental nttrogen.^-ln 1807, H. Davyi 
rcportod that nitric acid and ammonia are formed during tbe ekctrolysiB of distilled 
water with air in soln. — ^1. 3, 6. Lord Rayleigh could not confirm the formation of 
ammonia, and E. Ticdc and A. Schleede bilcd to obtain a trace of ammonia under 
varying conditions, and under press, up to 150 atm. On the other hand, F. Fichtcr 
and R. Suter said that Lord Rayleigh’s failure to verify II. Davy’s observations was 
due to his use of platinum electrodes and a high current density in place of gold 
idertrodes and a low current density. F. Fichter and R. Suter obtained 0*3 mgrm. 
of ammonia per 100 amp. per min. with nitrogen at 200 atm. press., an electrolyte 
of ono pi'r cent, sulphuric acid, and platinum electrodes of large surface and thickly 
])latiuized. The cathode surface quickly loses its efficiency and has to be renewed ; 
its activity cannot be restored by oxidatinn. No formation of ammonia was 
observed when a mercury cathode was used. R. Nithack obtained a patent for 
utilizing the reaction. 

C. Zcnghelis obtained small yields of ammonia by passing mixtures of nitrogen 
and hydrogen (1 : 3 vol.) through water or acidulated water with colloidal metals — 
]datinum, palladium, gold, silver, cqppcr, or mercury — ^iu suspension, and at 90'". 
8inull yields werp also obtained by passing nitrogen through a mixture of zinc and 
dll. sulphuric acid at 90° ; nascent electrolytic hydrogen ; and from a warm suln. 
of ammonium chloride and ])otassmm nitrate with colloidal platinnin as catalyst. 
H. G. Falk and B. B. McKee found that nitrogen, at 300 lbs. per sq. in. press., and 
in contact with water at ordinary temp., forms ammonium nitrite N2+2H2O 
=Nll4N02, as well os traces of nitrate derived from accidental traces of oxygen in the 
wal er. An increased yield of nitrite was obtained at 1 800 lbs. press., and also with 
u mixture of alcohol and acetone in place of water as solvent. In vitreous silica 
or glass vessels, the reaction occurred only in the presence of a catalyst - say a 
fleaii piece of iron. J. J. van der Bnsscho hydrolyzed nitrogen by passing that 
gas under press, into a soln. which is being elect rolyzed between electrodes of ferni- 
inangaiii'se. 0. B. Jacobs forced nitrogen through a porous cathode and obtained 
nitric oxide or nitrates during the electrolysis of alkaline solu. K. F. BonhulTer, 
and A. L. Muishall anil 11. 8. Taylor doubted if atumie hvdrogim can combine with 
molecular iiitrogf’n to form aninumia— vide supra, nitrogen. A. J. Priui*e showed 
that the reaelion : N2-i-3Hn-l-2(T)+-H20=2H.C00NH4, said by P. R. dc Lambilly 
to occur in the presence of a catalyst, does not occur with platinized asbestos. 
K. A. IIofinanuandE. Will observed the formation of ammonia in the rombustiun 
of air in some hydrocarbons, il. Hampel and R. Stcinuu heat amninniiiin chloride 
ill the presence id non filings and the reaction FP+2NH4CI— Fe(l2+2NHj \ Hi 
occurs ; if in the presence of dissociated nitrogen, the nascent hydrogen so (oimcd 
reacts SFis+GNHsf GHCl l-2N-=3FeCl2+6NH2-l-2NH3, giving 2 mols moic 
ammonia than the amnionia sUrted with. U. Davy noticed that water distilled 
in contact with a niixturc of charcoal and potasJi furnishes ammonia whicli he was 
inclined to attribute to the hydrogenation of the adsorbed nitrogen. 

Accordmg to C. Morren, A. Ocitz, and A. Perrot, when an electric diaeliargc 13 
passed through a mixture of hydrogen and nitrogen, ammonia is formed : 
E. P. Pcrmaii said that if the press, of the mixed gases is increased fiom ono to two 
atm., the yield of ammonia is doubled. A. Findlay obsP/ivcd the formation of 
arnmnnia when the mixed gases are exposed to the brush discharge , and, according 
to J*. and A. Thenard, E. Warburg and W. Rump, 0. Chabrier, and W. F, Donkin, 
a similar result is obtained if the mixed gases be exposed to the silent electric dis- 
charge. M. Berthelut obtained a rone, of about 3 per cent, of ammonia by the 
action of silent discharge on a mixture of Iiydrogcn and nitrogen. IS. Hicdemann 
passed a mixture of hydrogen and nitrogen through an electron tube with an 
ionization potential a few volts above that of both gases, and obtained a relatively 
high yield of ammonia ; and L. Hamburger found that the conditions which favour 
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the formation of active hydrogen oi nitrogen give higher yields of ammonia. 
C. T. Kwei found that ammonia banda appear at 23 volts, but not at 17 volts. 
A. R. Olson attributed this to the presence of activated nitrogen at the higher vol- 
tage only as observed by T. R. Hogness and E. G. Lunn, H. Sponer, and H. H. Btorck 
and A. R. Olson — vide supra, for the action of activated hydrogen or nitrogen. 

A. Mirimanoff showed that the most favourable temp, for the formation of 
ammonia in the silent discharge lies between 450** and 550° ; above 650°, no 
ammonia was formed owing to the increase in ViustdbilUe of ammonia at elevated 
temp. M. le Blanc and J. H. Davies inquired if the law of mass action applies 
for the silent electrical discharge. They found that when dry ammonia gas is 
exposed to the silent discharge at constant temp, and constant current, the 
rate of decomposition is nearly proportional to the press. ; temp, has a com- 
paratively small influence on the rate of decomposition ; a rise of 100^, or an 
increase of the current by one-third, nearly doubles the rate of decomposition. 
The presence of an excess of hydrogen ^minishes the rate of decomposition, whereas 
an excess of nitrogen increases it. The luminosity of tlie discharge is much increased 
by nitrogen, but not by hydrogen. The final condition of equilibrium attained 
is very little afiected by the strength of current used. Tlic ratio LN 2 ][Il 2 P/[NNg ]2 
for diflereut mixtures of hydrogen and nitrogen is not even roughly constant. 
Hence, the law of mass action does not liold^ being apparently valid only 
when the temp, is so high that the road ions occur under the influence of 
heat alone. H. B. Moses obtained a sudden cbilling of the gases and a cor- 
respondingly high yield by forming an arc in a nibcture of hydrogen and nitrogen 
in the vicinity of liquid nitrogen. A. Makowetzky studied the formation of 
ammonia in the glow discharge with cooled electrodes. A. Giiiiilier-Schulze 
observed no signs of the union of hydrogen and nitrogen m the glow discharge, 
rather is ammonia thereby completely decomjiosed. 

H. St. C. Dcville noted that appreciable quantities of amniouium cLloride are 
produced if a mixture of hydrogen and nitrogen be sparked in the presence of hydro- 
chloric acid ; in fact, as H. B. Dixon showed, the conversion of the 3 : 1 mixture 
of hydrogen and nitrogen is complete if the ammonia be continuously removed 
from the system by an acid. E. Baur, E. Briiier and co-workers, and 
A. dc Ilrniptinne have also made observations on the synthesis of ammonia by 
exposing the mixed gases to the electric dibcharge. On the other hand, J. Priestley, 
C. L. BcrthoUct, A. B. Berthollct, W. Henry, and 11. Buff and A. W. Hofmann 
observed that when a succession of electric sparks is passed through dry ammonia, 
decomposition occurs, and the vol. of gas is doubled. U. St. C. Deville said that 
there is always a trace of ammonia left after a protracted sparking of the gas. 
The reaction is, indc(‘d, reversible, R. PoLl passed a silent discharge at 5000-- 
10,000 volts through an ozonizing tube containing ammonia, and found that the 
presence of traces of moisture inhibits the decomposition of the gas to a con- 
siderable extent, and the efficiency also became less when the current was increased ; 
increase of the e.m.f. employed, of the press, of the gas, or of the thickness of the 
layer traversed had, however, an opposite efiect. A. Classen obtained ammonia 
by subjecting a mixture of hydrogen and nitrogen to the simultaneous action of the 
silent and spark electric discharges in presence of catalysts — c.g. metals and metallic 
alloys, supported on carriers of an aci&c nature. Silica, prepared from water-glass, 
is well suited for this purpose, as it readily absorbs colloidal metals such as gold, 
platinum, metals of the platinum and iron groups, as well as their alloys. The 
elEciency of the catalyst is improved by the presence of a protective colloid — 
e.g. galatose. The mixed gases are passed over the catalyst between two electrodes, 
one being a good conductor, like copper, and the other a bad conductor, Uke gloss 
or porcelain. The latter may bo immersed in cold water and may concentrically 
surround the former, the contact material being in the intervening space. The 
temp, may range from 25° to 90°, according to the conditions, and the press, may be 
normal, or higher than normaL 
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E. B, Andenen ftndied tlio synthoBiB of ammonia by the action of a stream 
of Blow-moving electronB on mixturea of the constituent elements. A current 
waB passed between a glowing tungsten filament and two platinum electrodes in the 
mix^ gases. The curves connecting the velocity of formation of ammonia with 
the applied e.m.f. show maxima at 22, 26, and 33 volts. No appreciable amount 
of ammonia was produced below an applied e.m.f. of 17-7 volts — ^tlie ionizing poten- 
tial of nitrogeiu Hence it is supposed that the first step in the production of 
ammonia is the ionization of the nitrogen mols. The maximum rate of formation 
did not correspond with the stochiometrical mixture, H. H. Storch and A. B. Olson 
found that an increased percentage of nitrogen favours a higher rate of reaction ; 
the formation of ammonia cannot bo detected unless an arc is present ; and the 
rate of formation of ammonia depends primarily on the diameter of the hot filament. 
The variation in the rate of reaction at specific voltages is such as to give abrupt 
iiuTeases with e,mi. about 4 volts apart. The wave-type of curve observed by 
E. B. Andersen is attributed to the superposition of a curve showing the effect of 
the accelerating voltage on the rate of reaction, and a fatigue efipct in the merhanism 
used for absorbing the ammonia. 

E. Brincr and E. Mettler studied the maximum cone, of ammonia obtained 
by circulating a mixture of hydrogen and nitrogen through a tube containing a 
hpark-gap ; and E, B. Moxted examined the relative efficiency of various types of 
b]iark. The sparks from an induction coil were found to be very inefficient, and 
euergotio ammonia formation was found to occur only when the electrodes were 
sufficiently close to transform the ordinary spark disebarge into a small high- 
tension arc, accompanied by a visible and apparently continuous flame of high 
1 rnip. With the 3 : 1 mixture of hydrogen and nitrogen flowing at the rate of 40 c.c. 
per hour, less than 0-1 per cent, of ammonia was contained in the issuing gas with a 
t]iaTk discharge having a 10 mm. spark-gap ; with a 5 mm. spark-gap having an 
ineipient flame, 0*2D per cent, of ammonia was formed ; and with an are flame with 
u spark-gap of 1*5 mm., 0*8 per cent, of ammonia, and when the gap was 0*5 mm., 
M per cent, of ammonia was present. E. P. Porman suggested that the formation 
nf ammonia by the electric discharge is due to the formation of ions ; but E. Briner 
and A. Baerf uss said that the discharge dissociates the mols. of nitrogen and hydrogen 
into atoms, which, diffusing into a zone of lower temp., unite to form ammonia. 
In support of this h 3 r[)othr 6 iB tliey stated that by reducing the press, to 100 mm., 
and also by increasing the nitrogen content of the mixture sparked, the yield of 
ammonia was augmented. Thus, E. firmer and J. Kahn found : 


Iniiial press. 


403-10 

251-2 

149-06 

100-5 mm. 

J nial proBS. 

Ammonia . 

. 085 36 

468-30 

248-7 

148-90 

97*7 mm. 

. . 1-65 

1-08 

10 

0-7 

2-35 vol. 


Q. Falckcnbcrg studied the formation and decomposition of ammonia in the silent 
electrical discharge. 

W. B. Qrove found that ammonia is decomposed by an electrically heated 
wire, and J. Pliicker showed that the effect is merely thermal, not electrical. 
E. Warburg and E. Begener studied the effect of rays of short wave-length ; and 
11. Coehn and G. Pringent, H. S. Taylor, and D. Berthelot and H. Gaudcchon, the 
effect of ultra-violet light. In neither case docs the effect appear to favour the 
synthcris of ammonia from ils elcments^-wdc infra, C. Montemartiui observed 
the formation of ammonia from its elements in the corona discharge. U. S. Hirst 
detected traces of ammonia and hydrazine in the products of the reaction between 
nitrogen and hydrogen when exposed in silica tubes to ultra-violet light. 
A. (j. G. Mitchell and B. G. Dickinson found that the decomposition of ammonia 
was eflecced by light of wave-length 2537A, and is sensitized by the presence of 
mercury vapour. For the synthesis of ammonia by the action of atomic hydrogen 
on nitrogen, vide supra^ nitrogen. 

F* Euhlmann observed no sign of the formation of ammonia when a mixture 
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of oue vol. of nitrogen with 3 vols. of hydrogen is passed through a red-hot tube, 
even in the presence of spongy platinum. G. B. Johnson's observation to the 
contrary was shown by L. T. Wright, and II. B. Baker to be mal-inlerenco due to the 
use of an unsuspected impurity in the nitrogen employed— namely, nitric oxide. 
M. Berthelot heated the 1 ; 3 mixture, under diminished press., in a quartz tube 
at 1300°, for an hour, but observed no sign of the formation of ammonia, even 
when the tube was rapidly cooled. E. B. Maxted, and H, Toniinaga observed 
the formation of ammonia and nitric oxide when a mixture of hydrogen and 
nitrogen is heated under 30 atm. press, by the oxyhydrogen flame. The water 
produced is probably dissociated, forming nitric oxide which is reduced by hydrogen 
to ammonia — vide the oxidation of nitrogpu. M. Quichard, A. T. I^rson and 
co-workers, R. S. Tour, and W. W. Scott studied the suitability of various catalysts. 
M. Guichard found that the addition of magnesia or nickel, tungsten, and moly- 
bdenum, and a combination of two of these metak, ensures greater catalytic efKci- 
ency. Iron-molybdenum was proved to be the most resistant and to give the highest 
ammonia concentration— more than 4 per cent. Iron alone gave less than 1 per 
cent., molybdenum less than 1*5 per cent., nickel 3 per cent., and cobalt 3 per cint. 
The beat method of preparation is by precipitation of ferric nitrate with animouiuin 
molybdate, followed by ignition, and subsequent reduction. AVith perfectly dry 
gases, uranium is a suitable catalyst, but its combinations with cobalt or molybdenum 
are of inferior value as catalysts. Uranium-nickel gives poor results, and uranium- 
tungsten is practically inert. R. N. Pease and H. 8. Taylor found that a mixture 
of iron and molybdenum is a better catalyst for the animouia rcactiim than is the 
case with either alone. H. Harter and J, M. Meyer used jilatinized pumice soaked 
in ammonium tungstate as catalyst. The Nitrogen Corporation obtained a catalyst 
by soaking pumice-stone in barium and calcium feTrocyanides and bubsef][uently 
drying and igniting the mass ; L. Duparc and 0. Urfer used the mixture obtained 
by heating aluminium or magnesium with an oxide of Uthiuru, calcium, barium, 
strontium, bcryUium, titanium, vanadium, molybdenum, or uranium. According 
to S. L. Tinglcy, ammonia is produced by passing nitrogen and hydrogen under 
press, through a Uquid composition of mercury and osmium at a temp, below the 
b.p. of mercury, the press, being less than 200 atm. E. W. 6. AV^yckofi and 
E. D. Crittenden studied the X-radiograms of some ammonia catalysts. E. Baur 
did not induce hydrogen and nitrogen to form any ammonia bypassing the mixed 
gases over platinum-black at lOO"', or over chromium or molybdenum nitrides, or 
by leaving the two gases over platinized-platinum foil in the presence of hydro- 
cUoric acid. F. de la Roche, and J. B. Biot confined a mixture of hydrogen and 
nitrogen by mercury, having a stratum of dll. nitric acid on its surfui'C, and sunk 
the vessel 540 metres in the sea. This would be eq. to a press, of about atm., 
but no ammonia was formed. F. ATairentrapp and H. Will stated that anunonia is 
formed when the mixed gases are passed through a tube containing soda lime, and 
if lampblack, or a mixture of carbonized potassium tartrate and lime be used, 
the synthesis occurs at a low temp. H. Fleck said that when a mixture of nitrogen, 
steam, and carbon monoxide is passed over calcium hydroxide at a dull red-heat, 
5 mgrms, of ammonia are produced per 500 litres of air. K. Weinmann denied this. 
0. Loew, and F. Wohler found that ammonia (and a trace of nitrate or nitrite) 
is formed when a mixture of nitrogen and hydrogen is passed over platinum- 
black moistened with a little potash-lye; and 0. Ijoew and K. Aso found that 
if the pbtinum-black is moistened with water, ammonia is slowly formed. L. Brunei 
and F. Wong did not B 3 rnthesize ammonia by passing the constituent gases over 
a mixture of thorium and cerium oxides, palladinized-pumice, quusklimc, soda- 
lime, calcium cliloride, calcium molybdate, barium or stTimtium oxide, manganese 
dioxide, aluminium phosphate, or magnesium phosphate at 15°- 350“. There is 
a trace of ammonia formed with nickel sesquioxide as catalyst at 1BO°-200“ ; and 
with ail and hydrogen, over nickel sesquioxide at 200°-240°, small quantities of 
ammonia are continuously formed. P. Neogi and B. B. Adhicary observed no 
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ammonia is produced wben a mixture of hydrogen and nitrogen is passed over 
reduced iron at a temp, varying from dull to bright redness. A. negative result 
was also obtained with iron or nickel wire^ electrolytic nickel, reduced nickel, or 
ferric oxide. W. A. Noyes, and 11. C. Woltereck obtained ammonia by passing 
tho mixed gases over thin layers of iron spread on asbestos at 5D0° ; iron oxide 
gave a better result, and similar results were obtained with the oxides of iiiokcl, 
(Miball, copper, cadmium, silver, lead, bismuth, and chromium. The reaction 
is continuous if air be used in place of nitrogen. 3U(J'"-350° is the most favourable 
temp, with iron oxide. Tho reaction also takes place with charcoal, coke, or peat 
us catalytic agent. 

E. lloyiT and E. Jaequemin made ammonia by passing a mixture of steam and 
Jiy drogen over white-hot carlmn ; S. L. Tingley passed sti^ain and nitrogen over lioat ed 
iMleium carbide ; and L. I. de Nagy Ilosva, and M. Berthelot obtained aroinnnium 
nitrite and nitrate during the rombustion of a mixture of nitrogen, oxygen, and 
]i} drogen in excess ; anil also during the combustion of organic substances in air. 
li. W. lUackburn and W. Thomas passed nitrogen and steam, at about ii atm. 
press., over a heated catalyBt“e.7. iron at : iron and nickel at 10(X)“; nickel 
oxide at 100°; ferrous oxide at 100°; or charcoal at about 800°. P. U. do 
l^ambilly found that if a mixture of nitrogen, hydrogen, steam, and earhon monoxide 
18 passed ovit immico-stono, bone-blaek, or spongy jiliitiimm, ammonium formate 
is ])TO(lurpd : N2 ^ 3IIo +-200 4 2}roO -2H.COONII4 ; while if carbon dioxule ho em- 
ployeil, ammonium hydrocarbonate results: N2 | 3Hj> ■}'2C02+21l30“2Nll4HC03. 
in a])})lyiug these reactions on a large scale, the gases can be obtained by the 
alternate action of air and steam on whlte-liob coke, and, according to the product 
desired, caiboii monoxide or dioxide is removed from Die gas mixture to be treated. 
Spongy platinum was found to be the best catalyst, and a temp, of H0’-130° moat 
suitable for the formate, and 40°-G0° for the hyilrucarbonate. J. Schlutius exposed 
a mixture of steam and producer gas (14 per cent. 1X2; 13, N2 ; 39, CO; and 
4, CO^} to the action of a silent discharge in the presence of platinum, and obtained 
«L]nnionium formate above 80” ; and ammonia, below that tern)). 

J. Priestley found that ammonia is decomposed into its elimieiits when passed 
through a red-hot glass tube ; A. B. Bcrthnllet obtained a similar result using a 
porcelain tube ; and H. St. C. Deville and L. Trooat obtained a 75-8 per cent. 
d« comporitiou at 1100°. J. M. Prafts obtained a 30 per cent, decomposition 
iiftiT 7-8 minutes' heating. J. Bouis, and 1j. J. Tlieiurd found the decomposition 
lb more marked if the lube be packiMl with fragments of porcelain or puiuiee-stonc. 
A. II. White and W. Melville say that the derom position bi'giiis at about 4W. 
H. 0. Woltereck said that the first signs of dissociation with dry ammonia occur 
ut 020°, and that if traces of moisture or organic matter be ]iri^sont, dissociation 
occurs at a lower temp. ; in the presence of heated iron gauze, dof'omposiiion 
fuinmenced at 320° ; and with ferric oxide, no di‘com])osition occurred below 420', 
M. Berthfdot found that the decomposition is slow at CIK)”, and fasti'r at 8iX)°. 
The decompobitinn is eomplete at 1300°. W. Bainsay and 8. Young said that Ihi^ 
reaction begins at 60U°, and is almost eompleto at 780^ ; and the degree of di'com- 
posiiiun attained is determined by tho velocity at whieli the gas is passed through 
the hot tube. According to A. T. Larson and co-workers, when ammonia gas is 
decomposed into its elements by passing it over hot steel wool, at firht the decomposi- 
tion is slow, but later as the steel wool bc'comes ButHciently activati^d the greater 
portion of the gas is decomposed on its surface, and the free ammonia in the exit 
gases falls to about O'Ol per cent. M. Bonet y Bonfill believed that the presence 
of lime favours the decomposition, bub J. Bouis could nut confirm this. K. von 
Tlian showed that indificrent gases hinder the deenmpositinn so miicli that with 
amnumia alone at a bright red-heat, 1L08 per cent, was decomposed, wiieveas in 
the presence of steam, per cent, was decomposed, and in the presence 
of mercury vapour, 0*68 per cent, A. H, White and W. Melville observed 
that the rate of decomposition is increased a little in the presence of caiboo 
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monoxide or watei-yapour ; and that a little cyanogen is formed in the case of 
carbon monoxide— more with dry than wilh moist gases. L* J. Th&iard, and 
A- B. Berth ollet ionnd that the decomposition occurs more readily in the presence 
of platinum, gold, silver, copper, or iron. E. von Than observed no reaction 
in the presence of merc^ at E. P. Ferman and co-workers stated that 
ammonia can be synthesized by heating the mixed elemental gases in the presence 
of metals— iron, copper, nickel, zinc, cobalt, palladium, aluminium, and 
magnesium— but met^ which readily form nitrides— c.//. magnesium — are not more 
active than other metals, and henre nitrides arc not an intermediate stage in the 
fonnation of ammonia. The action of various metals was studied by E. F. Ferman 
and C. A. S. Atkinson, M. Bcrthclot, F. Haber and co-workers, etc. As L. J. Thenard 
has shown, the metals undergo no noticeable change in weight, but copper and 
iron become brittle while gold and platinum remain unchanged. The decomposi- 
tion of ammonia in the presence of platinum was studied by F, H. Constable. 
E. C, C. Baly and H. M. Duncan observed what they considered to he two different 
mol. phases of ammonia exist possessing differeut energy contents and reactivities, 
that of lower energy content being identical with completely dry ammonia. They 
found that the decomposition of ammonia by means of a heated, activated platinum 
wire gives constant values for the same amount of energy with an active form of the 
gas derived either by slow evaporation from a ryliuder of compressed gas, or by 
gently heating the concentrated a(j. soln., the gas being diied by quicklime, or by 
evaporating isothcrnially at the b p. the gas obtained by eitlier of these methods. 
A second inactive type, obtained by rapid evaporation of the liquefied gas, gives 
much smaller decomposition values under the same conditions. On standing in 
contact with the liquefied gas, or by heating to 200 ° witli a platinum wire, this type 
slowly becomes active. The ratio of the deconijtositiou values obtained by a first 
and second exposure of the gas to the heated T^iie differs markedly in the two forms. 
The addition of water vapoui increases Hie reactivity of ammonia proportionally 
to the amount of water present, an increase which is lost on dry mg with quirklime. 
According to E. F. Ferman, ammonia is formed by exploding the constituent ele- 
ments with oxygen. The gas cannot be decomposed by heat, and therefore the 
reaction is not reverflihle ; on the contrary, M. Bnrtlielot, and many others, have 
studied the reveisibilily of the reaction. 

The equilibrium conditions of the revensihle reaction : N 3 + 3 H 2 ^ 2 NH 3 , or 
JN 2 +I JHg^NIIs, were established by F. Haber and G. van Oordt. If the bracketed 
symbols denote the partial press, of the respective gases, [NH 3 F-- /f|,[N 2 ][Il 2 P, where 
Kp denotes the equilibrium constant at constant press., the eonr. of the amount 
present depends on the press, and on the temp. In studying the reaction, the 
equilibrium is only slowly attained at low temp., consequently F. Haber and 6 . van 
Oordt employed iron and nickel as catalytic agents ; and F. Haber and R. le Koa- 
signol, iron, manganese, nickel, and chromium. The results showed that with 1 ; 3, 
gas mixture, at atm. press., for equilibrium ; 

Km 700" 750“ 800“ 860“ 930“ 1000“ 

D. 0-00068 0-00046B 0-000334 0*000279 0 000200 0 000148 

NH, c. 0-0221 0-0162 O-OlOB 0-0001 0 0065 0-0048 per cent. vol. 

It follows from the equilibrium equation that the maximvm cofic, of ammonia at 
equilibrium is obtained when the hydrogen and nitrogen are f resent \n the proportions 
three to one by volume. The reaction is exothermal at ordinary temp.— being 
11 '89 Cals, per mol ammonia— so that the effect of raising the temperature will be 
to decrease the cone, of the ammonia. To keep the cone, of the ammonia high, the 
temp, of the reaction should be low ; but the reaction is then too slow for industrial 
work unless a suitable catalytic agent can be found. W. Nemst, and F. Jost 
obtained rather lower results, due, according to F. Haber and R. lo Roasignol, to 
the mixtures referred to by W. Nemst, and F, Jost not br>ing in equilibrium. 
E. B. Maxted found that mixtures of hydrogen and nitrogen famished 0 and 
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21: — ^The Effect of Tiine on 
the Reaction at 3000**. 


3 per dent, of ammonia, when the gaaca are in contact with an arc at 3000°, Fig. 21. 
E. Briner and co-workeis, E. Maurer, B. Dufihman, and B. 0. E. Davis and 
L. B. Obnstead have studied this subject. The 
equation for the influence of temp, on the equili- 
brium cone, of ammonia, deduced from these 
observations, is logm iiLp=2()98r"i— 2-5088 logioT 
+0-0001006r+0-0e|186r2+2-l ; or, approxi- 
mately, logio X^=2B8BT— 6-134. B. 8. Tour has 
made a study of the graphs of this equation. 

6. £. Foxwell studied the thermal decom- 
position of ammonia diluted with coal-gas in silica 
tubes packed with porous materials like coke or 
firebrick, and at temp, between 520° and 850°. 

When an excess of solid surface is present the 

decomposition is bimoiccuiar. The velocity of decomposition, when the tube is 
filled with coke, increases slowly with increasing temp., the temp, coefi. being 
1-136. The value of the velocity constant, fc, may be expressed by the formula 
h^=kieA(llTi—\IT^\ where A is 13,300. For tubes with a radius less than 0-5 cm., 
k varies, inversely as the square of the radius, but it is probable that for wider 
tubes k varies inversely as the radius. When gases containing ammonia are passed 
through porous material, the amount of decomposition in unit time varies directly 
as the square of the radius of the pores ; hence it is the size of the pores rather than 
the total porosity that is of importance. Silica bricks have considerably less decom- 
posing effect than siliceous (80 per cent. SiOo) bricks, whilst the presence of iron is very 
deleterious. The composition of the ash of the coke affects the rate of decomposition. 
Kutilc and orthoclase have very little, if any, action ; iron pyrites is converted into 
ferrous sulphide during carbonization, and this increases the velocity of decomposi- 
tion to some extent. Iron oxide, which is converted into metallic iron, enormously 
increases the rate of decomposition, and the same is true, although to a less extent, of 
lime.. The value of k for coke is found to be 0-00200 at 755°, G. F. IJhde obtained 
a catalyst by heating a mixture of aluminium chloride and potassium ferrocyanide. 

The above equation shows that at a constant pressure the conccniration of the ammonia 
deermes with a rise of temperaUvre, which ilows for the variation of the thermal 
value of the reaction with temp. At 27°, the cone, of the ammonia at equilibrium 
vrill approach 96-32 per cent., so that a good yield of ammonia could be obtained, 
by direct synthesis from its elements, if a suitable stimulant could be found. For 
J. Lipsky’s observations on the catalytic effects of cerium hydride and nitride, 
vide supra j cerium nitride. Even with the best catal}^t known it is difficult to ob- 
tain satisfactory results below 500°, and it is not necessary to w^ork over 700° since 
equilibrium is attained quickly enough just below this temp. E. B. Maxted has 
said : It must be borne in mind that, as the synthesis of ammonia is usually 
carried out, the percentage of ammonia formed 
during the passage of the gas through the catalyst 
never approaches the equilibrium value for the 
temp, and press, used, and thus, within limits, of 
course, reaction velocity plays an even more im- 
portant Tok in the determination of the amount 
of ammonia formed during the time of contact 
than the absolute value of the equilibrium ammonia 
percentage. If, on the other hand, the temp, em- 
ployed be so high that the desired percentage 
of ammonia unduly approaches the equilibrium 
percentage, the increase in the reaction velocity 
due to increased temp, will no longer compensate for the decreased equilibriim 
ammonia content.” The proportion of ammonia in the mixture of gases in equili- 
brium at different temp., computed by E. B. Maxted, is plotted in Jig. 22. 



Fio. 22.— Effect of Temperature 
on the Equilibrium Conoen- 
tration of Ammonia. 


An 
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invereion oucuis at about 1200^, bo that above this temp., the jdcld of ammonia 
should increase Trith rise of temp. This was confirmed experimentally by 
E. B. Maxied ; and A. Fowler and C. 0. L. Gregory’s observations of ammonia in 
the solar spectrum lends support to these resdts. E. Briner pointed out that 
when working at very high temp., the equilibrium formula applicable at lower temp, 
may have to be modified because of the dissociation of, say, hydrogen and nitrogen 
into atoms, and the extra production of, say, ammonia, may be due to the greater 
kinetic energy of the free atoms of hydr()gen and nitrogen. To find the efieot of 
pressure, let p denote the total press, of the gas, and G the fraction of the total vnl. 
which each gas forms at equilibrium, it follows that [NH 3 ]— pCnh^; [N 2 ]--pCn, ; 
and substituting these values in the equiUbnuni equation, 

Ha— pATp. When the cone, of the ammonia is small, the product 
almost constant. Hence, the cone, of the ammonia at equilibrium 
will bo nearly proportional to the total press. Henee, raising the press. 30 atin. 
should increase the rnne. of the ammonia 30-fnld. With the 3 : 1 gas mixture, the 
cmcentration of ihr amuoma at a given ieniprrature Micrcospj v'ith risr of pressure. 
The effect of pressure is indicated in Table XU, by F. Haber and R. le Rossignol. 

Table XII. — ^Em:cT or PanssiTufi: avd TLMPmATiJjufi ont the Ei^nLiiinioM 

CoNCUNTSATlON DV AmmDMA. 


Tump. 



Pn AS urea, 









] atm. 

3U atm. 

IDO atm 

200 atm. 

lOno aim 

200" 

ID 30 

07*0 

80*6 

85-8 


30U‘ 

2*lh 

31-B 

52-1 

02-8 

— 

400* 

0*48 

10*7 

26-10 

36*3 

— 

fiOO* 

0-120 

3*62 

10*40 

17*6 

- 

550* 

— 

— 

7*00 

12-2 

40 (536") 

000* 

0-049 

1*43 

4*47 

8-25 

30 (hllT'O 

650* 

— 

— 

3-00 

5-K 

20 (b72') 

700* 

0 0223 

0-66 

2*14 

*1-11 

— 

700" 

0-015U 


1-Dl 

2-90 

14 (740') 

BOO* 

0-0117 

0*35 

M5 

2-2t 

- 

800“ 

0*0089 

— 

0-874 

1-08 

— 

000" 

O-OOOO 

0*21 

0-68 

1-34 1 


O.'il)’ 

0*0006 

— 

0*642 

1-07 1 

1 

1 

1000* 

0*0044 

0*13 

0*44 

0*87 

- 


I 


The last column is due to G. Gaude. Some results at other press, were obtciiiied 
by £. Biiner and co-workers, and M. Guichard. W. Moldcuhauer found the yields 
with increased press, agree well with the calculated values at 740° and lUOO atm. 
press. At lower temp., the discrepancies increase as the temp, falls and the press, 
rises. They arc attnbuted to differences in the compiesbibilibics o[ the different 
gases. G. Claude’s process was described by J. H. West, and II. V. TarLar and 
M. F. Perkins ; and R. tichoiif elder concluded from an examination of the difTeront 
industrial processes that G. Claude’s process is the most efficient. M. Lheure, and 
F. Meyer described this process. S. W. Saunders obtained not so good results 
with logZp=479Or-i-5-381ogr-|-0-00OJ225r+0-OBl5G0T2-O'8, where A'p 
as with log Kp=.imT-^-3-b logT-j-O-mimT+O-O^mdr^ 
—'0*8. A. T. Larson and co-workers found that percentages of ammonia in the 
equilibrium conditions of ^Ng-j-l JH 2 ^NH 3 — ^pressures in atm.— are : 


Pn*afl. 

ID 

3D 

.ID 

JDO 

300 

not) 

lOOD 

200° 

60 116 

67*50 

74*38 

81*51 

fi0"9t 

{\o<\7 

98-29 

300" 

14*73 

30*25 

39*41 

52*01 

7o*m; 

8i*2l 

92-55 

40U" 

3*85 

10*15 

15*27 

25*12 

47-UO 

05 20 

79-82 

600“ 

1*21 

3-49 

6*50 

10*61 

20*44 

42-16 

67*47 

600" 

0*49 

]*S9 

2-25 

4-52 

13*77 

23-10 

31*43 

0 

1 

0-23 

0*69 

1-05 

2*18 

7*28 

12*60 

12-87 
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The valueii of the equilibiiom constant arc repiesonted by log log T 

-1 cT-^dT^-^-l^ where puH,=itpPN,4Pfl,i and 


Atm.prfia. 


b 

» 

d 

/ 

10 

2074-8 

-2-4943 

0 

1-856x10-’ 

1-993 

30 

2074-8 

-2-4043 

3-4xl0-» 

1-850x10 ’ 

2-021 

50 

2074-8 

-2-4943 

IMBxlO-* 

I 856x10-’ 

2-090 

100 

2074-8 

-2-4943 

l-2B6xl0-‘ 

1-856x10-’ 

2-113 

:too 

2074-8 

-2-4943 

1-256x10 * 

1-856x10-’ 

2-206 

000 

2074-8 

-2-4043 

l‘0H56xl0-* 

1-850x10 ’ 

3-059 

1000 

2074 8 

-2 4943 

2-0633x10 ■ 

1-856x10-’ 

4-473 


L. S. Gillespie re]>reBontod the equilibrium constant, for temp, between 625” 
and 500°, and from 100 atm. to the lowest press., by log Zp— (2679-35 +M 1 84^)7 
— (5’8833-|- 0-001232p) ; and for higher press, by log Zp=(2l72-2f) [-l’99032p)7’“J. 
W. G. Shilling gave log Zp - -20G8r-i-2*9278 log T h0-032756r | U OyGiaT* 
|-3'149(). This subject was studied by F. G. Kcyen; and A. F. Benton investi- 
gated the kinctirs of reactions in flow systems, R. Fj. Burk measured the rate of 
dec omposition of ammonia by a heated molybdenum wire. 

]\[. Bodenstoin and F. Kranendieck showed that the decomposition of ammonia 
m quartz vessels is a surface reaction. It is inferred that the decomposition of the 
ammonia takes place in the pores of the quartz glass, and that the velocity of the 
c liange is determined by the rate at which the ammonia ddluscs into the pores. The 
aclual decomposition probably occurs very rapidly, but the speed of the chemical 
reaction is deternnnrd tri home extent by the velocity with which the products of 
(lecniiipobitioii osca })0 from the pores in the quartz into the sjiace occupied by the 
gns. i.\ N. irinshelwood and K. E. Burk found that the thermal decomposition 
of uimnonia in quartz vessels, and on the surfaces of heated platinum and tungsten 
\Mies, is in equilibrium with almost complete dccompobitinn. The reaction on the 
bilir a surface is of t he fust order with respect to ammonia, and it is strongly retarded 
by hydrogen. They found that the nature of the silica surface has a marked 
eilect on llie temp, of the reaction. They observed that in suitable silica vessels 
(J) the addl'd hydrogen may have just as large a retaidiug oJIect as hydrogen 
formed in sifu by the reaction, (2) the temp, coefficient may be very high, and (3) the 
letariliiig influence of tlio produets may be constant over a range of 200°. The 
jiactioTi on a heated ]ilatiniiin wire is of the first order as regards ammonia, and is 
ictarrled by hydrogen, but differently horn the retardation in the case of silica, the 
njuation b'MJig "^[NIl3]"/ril2l where n is approximately equal to 1 , 

Mitrogen has practically no effect on this reaction, which corresponds with a heat 
nf activation of U0,0(X) cals. The reaction on a heated tungsten wire is of zero 
order with rnspert to ammonia, and is uiunfluenci'd by the products of reaction 
It iH inucli mure rapid than with platinuin, but the temp. coel!. is smaller aud 
conesjionrls witli a lieat of activation of 38,700 cals. 

In 1901, J{. le Cliutclier, reasoning from the law of mass action, showed that 
aiiinionia could be synthesized by heating above dull redness a mixture of hydrogen 
and nitrogen under prews. in the presence or absouce of spongy platinum, or finely 
divided iron. The industrial applications of the facts were covered by a patent 
which was allowed to lapse. 0. tJlaudo has devised a plant for inci easing the 
yield of ammonia by working at a very high prcNs., say 900-1000 atm. While the 
gas ])assiiig from the catalyst has ammonia correspondmg, at 200 atm. press , with a 
13 per cent, yield, at 1000 aim., there is a 40 per cent, yield. F. W. dc Jahn 
claimed to have improved F. Haber’s process by working at 520°- 510” under a 
press, of 80-90 atm. over a catalyst formed by igniting a salt of cobalt, nickel, 
manganese, titanium, cerium, boron, uranium, or silicon upon a carrier of puinice- 
stonp, and, after reduction in Lyclrogen, heating the product in contact with 
metallic sodium and anhydrous ammonia at 300°. With the catalyst prepared 
from a nickel salt, 4*5 per rent, by voL of ammonia was obtained. 

Although many important details are judiciously reseiveil as trade seccots, the 
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general features of F. Haber’s amwinnia prooess appear to involve the preparation 
of nitrogen of a high degree of purity from liquid air. The roaclion chamber, 
illustrated diagraininatically in Fig. 23, consists of a thin 
Q steel or wrought-iron tube, A, inside of which is a glass 
or fused quartz tube, £, nanowc'd towards the lower end 
so as to retain the catalyst, C, between asbestos plugs. 
The tube A is heated to 500^-600° by means of a coil of 
resistance wire TF wound over the iron tube wrapped in a 
sheet of asbestos. The heating may also be done by 
internal combustion. The 3:1 gas mixture enters the 
reaction chamber, via 1), and leaves the chamber at the 
bottom, via E. The reaction chamber is enclosed in a 
stronger steel tube, F, in wliich a high jiress. is maintained 
BO as to prevent tlie thin steel tube A bursting under its 
internal press, over IDO atm. The mixed gases are forced 
through the chamber so that an ammonia cone, of about S 
per cent, is niaiiitained. On leaving the furnace at F, 
the gases may bo passed thioiigh a rt^fiigerating system to 
liquefy tlie ammonia, or passed, wliiln under ])Ti'ss., through 
Fifl 23— Diag^matic water or dll. acid to absorb the ammonia. Jn either case, 
Reprofientation oflhe mn^onverted Lydrugeii and nilrogeu are returned to 

F. Haber'a Ammonia reaction chamber -c/. hig. 1*4. Moditirationa were 

Process. devised by L. Casale, U. Fau&er, etc. Various i)laDts have 

been described by J. B. Vartiiigton, R, 8. Tour, A. Miolati, 
J. A. Harker, C. S. linison and W. Russell, C. H. Jones, M. Lheure, M, Patart, 
A. Zambianclii, J. S. Negru aud 8. D. Kirkpatrick, F, A. Kirisi and co-workcrs, 
and U. Schmidt 

The most effective catalyst for accelerating tlic velocity of formation of ainnionia 
was found to be osmium ; bul it is too scarce for commercial work. Next came 
uranium, which, in the form of carbide, cruniblea to a fine powder under the con- 
ditions, aud then at DOO" has a high catalytic activity provided water be absent. 

Water aiiB Air 

A ^ 

CO, Hj N, 0, 

fBy proilucL) i i (By pioduL't) 

V 

NH, 

Fiu, 24.— Flow Sheet ol F. Haber’s Ammonia Process. 

Iron, tungsten, molybdenum, mulybdic acid, ammonium molybdate, cerium, ami 
manganese were found to be good catalysts. The catalytic activity of tungsten 
depends on the way it has been iireparcd. Platinum was found to be a j>oor cataljrst. 
E. Decani^re studied palladium and ])latinum as catalysts ; A. T. Larson and 
C. N. Richardson, magnetite ; A. T. Otto and Sons used a metal of the iron poup 
along with a metal oxide not easily reduced and a third substancp for producing a 
glaze ; C. Ellis, cobalt vanadate ; H. Harter, a metal ol thii iron-group with an 
oxide of magncbiuni, titanium, thorium, vauadium, molybdenumi or tungsten; 
and C. H. Eunsman, a mixture of iron, aluminium, and an alkali-metal— csesium. 
H. A. Bernthsen reported that certain foreign 8ul)fitauccs, promoUrs^ increased the 
activity of the catalyst. Thus, the oxides and hydroxides of the alkalies and 
the alkaline earths augment the efficiency of some catalysts. A minute proportion 
of the promoter often suffices. A mixture of iron and potash is said to be parti- 
cularly active. E. (Jollett used ferrites of calcium, barium, magnesium, and 
manganese. A comparison ol uranium carbide, and the iron-potash mixture, by 
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F. Habrar and H. C. Grcenwood> and E. B. Martcd, is shown in Fig. 25. E. Inaba 
used iron oxide mixed with bismuth and thorium oxides as piomoters; and 
L. H. Greathouse, a mixture of iron and manganese oxides 


with just enough aluminium powder to initiate the ^ |' i _ 

thermite reaction and fuse all the oxides. A. T. Larson ^ ^ 

used two promoters and found the joint action to be | ^ 
greater than either alone. Thus, an iron catalyst with ^ “7 
alumina gave a gas with 8 per cent, of ammonia, and ^ ^ / TSH I 

one with potassium oxide a gas with 5 per cent, of S | | 

ammonia, whereas a mixture of the two promoters gave !( ^ [/ ~ ~ 

a gas with 14 fier cent, of ammonia. A. T. Larson and ^ | | 

A. P. Brooks found that nickel, and cobalt are inactive o t z 3 4 

between 450“ and 550“ ; molybdenum, and tungsten Tm of contact M seconds 

are most artive at 550“; and iron, and a mixture of . 

iron and molybdenum, at 450". The action of iron is cwbidB,^^nd*^the^^^^ 

promoted by the oxides of aluminium, silicon, zirconium, potash. ' 

thallium, cerium, and boron, but not so much so 


by the oxides of lanthanum, beryllium, magnesium, the alkaline earths, and 
alkalies. Mixtures of potassium hydroxide with alumina, silica or zirconia pro- 
duced very active catalysts in conjunctiou with iron. J. A. AlmquUfc and 
E. D. (!rittenden found that tlie activity of iron depends on the state oE oxidation 
of the fused oxide from which it is obtained by reduction— the magnetic oxide gave 
the best results. Potassium hydroxide has a marked promotor action if used 
in conjunction with dilHciiltly reducible oxides like those of manganese, silicon, 
tungsten and aluminium, while potassium hydroxide alone lowers the activity of 
iron— so dn the oxides of nickel and C/obalt. 


A. T. Ijarson observed that sulphur, selenium, 1 elluriuin, phobjdiorus, arsenic, 
boron, bismuth, lead, tin, and many organic cnin}K)ands act as poisons in 
diminibliing or inliiliiting tlie activity of the catalysts. Iron with one ])er cent, of 
sulphur is useless. One part ul sul]diur per million of the gas mixture is injurious, 
il. A. Almqnifit anil V A. Black found that the presence of oxygen or water-vapour 
reduces the activity of iron as a catalyst. £. B. Ludlam observed that the presence 
i)f hydrogen clilonde slightly favours the formation of ammonia, but not so much 
us might be anticipated from the law of mass-action. A. Schmidt studied the 
action of water vajiour and of liydrogcn chloride. J. A. Aliiiquist and C. A. Black 
found that with iron catalysts at 414" the activity is lowered by oxygen, and this 
the more the grentcr the cone, of the oxygen. Water-vapour acts similarly. 
E. Eloed and W. Banhnlzcr .studied the elTcct of varying the rate of the flow of 
the ga.s in the decomposit'oii of iiininonia by passage over a red-hot catalyst- 
iron, copper, or alumina. Hydrogen retard? the velocity of deijomposition. 

(\ IL. Kunsmaii studied the thermionic propeitios of some catalysts ; and 
G. B. Kistiakowsky, activation of iiilrogen by catalysts by measuring its critical 
potentials when it is adsorbed on imdal surfaces. He found two critical jioteiitiah — 
iron, 10*8 and 13*0 volts ; nickel, 10‘8 and J3-1 volts ; copper, 10-8 and 13*3 volts ; 
and platinum, ILO and 13-3 volts. The ionization at about 11 volts is attrihutod 
to the nitrogen atom or to a kind of exeited or activated nitrogen molecule— 
probably the former. In agreement with the obscrvalions of L. B. Olmstead, 
A. W, Gauger, and J. H. AVolfenden, the ionization at 13 volts probably belongs 
to adsorbed hydrogen, and G. F, Fryling inferred from his observalinn that hydrog m 
on nickel is dissociated into ions. There is a critical potential at 17 volts which is 
attributed to molecular nitrogen, and one at 16 volts attributed to molecular 
hydrogen. W. A. Dew and H. S, Taylor observed a |)ossible rchition between 
the heat of absorption of ammonia and catalytic activity with the reaction: 
2Nll3--.-N2f3H2. 


Crsneral discussions on tlie aminonia process for tlie fixation of nitrogen have b^n 
made liy is. u. Maxted, Ammimia and the Nitndes, London, 1B21 ; J. Knox, The Fixation 
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of Mmoaplteric Kitrogerij London, 1914; H. J. M. Creighton, How the NUrogen Probtefn 
bfm i^olrcd, riiiladolpliiiti, 1919; Joum. FranMin Inet., 187i 377, 699, 706, 1019; 
F. Topo, Frfngtrating Eng., 12. 209, J1I2R; G. FaiiKor, Atti (^tmgr. Eat, ('him. fnd., 93, 
1924 ; F. U. Cotlioll, t'hcm. Age, 11. 282, 3J0, 342, 1924 ; F. A. Fmflt, Q'rarM. Amer. Inst, 
Chnn. Eng, , , 1920; V. Firmin, L'liui. Chim., 9. 147, 1922; J. It. Partington, in 

T. E. Thorfte, Dictionary of Applied Ch^isfry, London, 4 l 008, 1022 ; P. H. B. Kempton, 
Indwtnal Nitrogtn, London, 1922; G. Bchurhardt, Die iechnittche Gewinnvng von /Stick- 
Amuiamak und schxmfchavrtn Amnumium, Btultgart, 1919 ; B. Waeser, Die hujUtWh- 
Btofflndiutrie, Leipzig, 1 922. 

E. Bam made a gas-cell urith hydrogen and nitrogen coniined over a soln. of 
ammonia in a sat. Bob. of ammonium nitrate, and obtained a current with an 
e.m.f. ot about 0-6 volt. Tlie hydrogen and nitrogen disappeared from the positive 
and negative poles in the ])ropoition of 3 : 1 by vol. A constant o.m.f. was obtained 
at ^10^. If a 25 per cent. ^aln. of ammonia in i^-KCl was employed, no constant 
e.m.f. was observ(‘(i. Arroriling to C. Buurdelain," ammonia is formed during the 
rusting of iron m air ; and S. Cloez observed that ammonia is forme J by the slow 
oxidation of iron, zinc, or lead, in moist air. This observation was confirmed by 
W. Austin, A. Chevallicr, F. kuhlmann, and J. J. Berzelius, although M. Hall 
could not verify the result. A. C. Becquerel also noted that when tiinneric iiaper 
is laid on plates of zinc, lead, or iron, moistened with water, the paper is reddened 
in places after 15 nunut<‘ 8 ’ exposure ; when warmed, the colour disappears. If tlic 
wetted plates are covered with white paper, and t.he latter after some time is intro- 
duced into a glass tube, ammonia is disengaged when heat is applied. C. l\ Collard 
dp Martigny observed that moist zinc-iilings in a bottle exposed to air also produced 
ammonia. C. Sprcngel obtained a similar residt with moist smithy sculits : and 
M. Sarzcaii, with ferrous hydroxide. Aceonling to M. Faraday, large quantities 
of ammonia are disengaged when tlic hydroxide of potassium, sodium, barium, or 
calcium is heated with potassium, arsenic, zinc, lead, tin, or iron ; smaller quanti- 
ties arc obtamed with copper ; and none at all with gold or noble metals. The 
ammonia is prodnred not only wlien the mixture is heated in air, Init also when 
heated in hydrugim. li. Bibchof explami^rl the formation of ammonia in an atmo- 
sphere of hydrogen by a.s.sunnng that the gas employed was not free from atm. air, 
and conscquenlly of nitrogen ; and J. iteiset showed that Hie sulphuric acid em- 
ployed in the preparation of hydrogen contains nitrogen oxides. Tlie ammonia 
may be formed by lljo action of nascent hydrogen, Fe+3HoO- Fe( 01 I) 3 + 3 H, either 
on the nitrogen of the air : 2 Fe+CJJ 20 -|-N 2 - 2 Fc(OII) 3 -h^Nll 3 , or on the nitrates 
commonly pesent in air: SFe-f-lSIUO-t 3 HNO 3 - 8 Fe(OHj 3 -f 3 NH 3 — uirfe vifra. 
Thu formation of ammonia 111 this way was doubt r^d by II. Will. AV. Thomas 
obtained ammonia bypassing a mixture of nitrogen and steam (1:4) over enrbun, 
or other catalyst, at 8 (X)^. According to E. R. Wutzcl, ammoma is formed from 
ionized nitrogeji and nascent hydrogen oblaincd by passing nitrogen or flue gases 
through a Lot bed of carbon, and then through a dischaige of lugli-lcubion elec- 
tricity immediately below which a jet of steam or atomized water is introduced 
in the same direction as the flow of tlic nitrogen. Tlic gases arc then cooled to 
condense the ammonia. 

S. Peacock obtained ammonia by passing nitrogen over alumiiiium hydride at 
400® or over. W. Austin found that a wet mixturu of iron-fiLngs and sulphur 
jjroduces ammonia when exjjosed to air ; 0. F. Hnlluuder obtained ammonia by 
dropping water on a warm mixture obtained by fusing potassium polysulphidc and 
iron-filings in air ; and C. Leroy, from the liquid obtained by boiling grey anlimouy 
sulphide with a soln, of sodium carbonate in air. C, Herzog allowed that ammo- 
nium sulphate is formed when water sat. with hydrogen sulphide is kept for a year 
in a bottle containing air. According to G. J. Mulder, ammonia is formed when a 
mixture of air and hydrogen sulphide is passed over pumice-stone or wuod-char- 
coal at 30®-40''. T. FJeitmann could not verify these observations. C. Decharme 
said that air conducted over moist soU at 10®-52® fonns ammonia, but A. Muntz 
and H. Condon said that the ammonia is formed in the soil by definite baclciia 
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acting on the nitiogenona mattfin theie piesent. H. Davy proved that in the 
electrolyBis of water, with air in soln., ammonium nitrites or ni^ates are formed— 
vide supra; G. Meissner obtained the same products by passing ozonized air 
through water ; and C. F. Bchonboin, by the evaporation of water in air, and the 
condensation of watcr^vapoui from air. The hy^ogen which escapes from some 
varieties of steel when tractured-HHde supra— was supposed by M. Barr£, and 
F. Bcgnard to form ammonia in contact with atm. nitrogen. 

2. The foTmaU(m of ammonia by the reduction of cxygen-nUrogen compounds , — 
Most gaseous nitrogen-oicygcn compounds form ammonia if they are mixed with 
hydrogen and passed over warm platinum-sponge, platinized asbestos, or platinum- 
black. Thus, F. Eublmann^ found that warm, not cold platinum-sponge or 
platinum-black converts nitrous oxide into ammonia ; and M. Faraday, B. Cooke, 
F. Kuhlmann, P. Hare, and P. L. Dulong and L. J. Th^nard found that 
the cold catalyst tran^orms nitric oxide into ammonia and water, but 
J. W. Dobereiner denied this. P. Sabatier and J. B. Bendereus found that spongy- 
palladium, previously sat. with hydrogen, exerts no action on nitric oxide in the 
cold, but at 200°, the mass glows and ammonia and water are formed. P. Sabatier 
and J. B. Senderens, and P. N£ogi and B. B. Adhicary studied the ellect of mckel 
and copper in place of platinum-black. F. Euhlmann said that when cold spongy- 
platinuiu is exposed to a mixture of hydrogen and nitric oxide or nitrogen peroxide, 
it becomes red hot, and frequently gives rise to a dangerous explosion ; the whole 
of the nitrogen is converted into ammonia. Platinum-black does not act until heated 
to redness, and docs not become incandescent. Cold spongy-platinum does not affect 
hydrogen saturated with the vapour of nitric acid, but when heated, it becomes 
red hut and converts all the nitrogen into ammonia ; platinum-black does not act 
unless it be heated, and even then does not become incandescent in the gaseous 
mixture. J. Reiset said that if the mixture be passed through a red-hot tube, 
ammonia is obtained only when the tube contains some porous substance like 
pumice-stone ; ferric oxide is an energetic catalyst, while the oxides of copper, 
zinc, and tin are less effective. He added that the catalyst is alternately reduced 
and oxidized. F. A. Guye and F. Schneider showed that there are probably 
two concurrent reactions involved in the reduction ; 2N02-f-7H2=2NH3-|-4H20, 
and N02+2H2=N+2H20, and that atemp. of 250°-300° is favourable to theformcr 
when nickel is used as a catalyst. A. C. Grubb observed that when a 3 ; 1 -mixture 
of hydrogen and nitrogen is passed about an electrode at which ozonized oxygen 
IS being rapidly evolved, ammonia is formed, due, it is assumed, to the cumulative 
excitatiou of the collisions between atoms and free electrons as indicated by 0. Klein 
and S. Rosscland. Tho hydrogen appears to be excited by the ozone, and is then 
capable of uniting with nitrogen. K. 0. Griffith and W. J. Shutt assumed that 
the hydrogen remains as molecular hydrogen, and reacts with ozone to form water 
and oxygen. 

According to J. Priestley, R. Eirwan, W. Austin, and H. Davy, nitric oxide in 
contact with moist iron or tin-filings, or an aq. soln. of hydrogen sulpliido or alkali 
sulphide, is reduced, forming nitrous oxide and ammonia. I. Milner found that 
ammonia is formed when moist nitric oxide is passed over red-hot iron-filings ; 
and G. ViUe, when a mixture of nitric oxide and hydrogen sulphide is passed over 
red-hot soda-lime. M. Coblens and J. E. Bernstein found that titanous chloride 
reduces nitric oxide, and nitrous oxide to ammonia ; but not a soln. of sodium 
nitrite or silver hyponitrite. Ammonia is also produced when nitric acid reacts 
with bn excess of sodium hyposulphite. According to N. A. E. Millon, and 
J. F. W. Johnston, some nitric or nitrous acid is reduced to ammonia when 
treated with hydrogen sulphide ; J. Priestley found the acid to be so reduced 
by tin; and W. Austin, G. Fabbroni, F. Eublmann, and G. Bisebof, by zinc, 
cadmium, or iron ; W. Austin fomid that ammonia is produced by the action 
of zinc or iron on copper nitrate, and G. Wctzlar, by tho action of iron on 
silver nitrate. E. Mitscherlich, and J. F. Dauiell observed that a mixture of 
VUL. VIU. M 
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Bulphuic and nitric adds can be made to dissolve zinc, iron, or tin witbout the 
evolution of gas, but ammonium sulphate is formed. F. Kuhlmann observed that 
ammonia is formed when a mixture of zinc and hydrochloric or sulphuric add 
acts upon potasBium nitrate ; in the action of ferrous sulphate on nitrous acid ; 
in the action of ferrous hydroxide, stannous hydroxide, potassium sulphide, iron 
sulphide, or antimony sulphide on nitrates in the presence of dil. sulphuric acid ; 
and by the action of hydrogen sulphide on a soln. of antimony chloride and potas- 
sium nitrate. In A. Martin’s process for estimating nitrates by treatment with 
dne and sulphuric acid, and conversion to ammoma, there is only a partial reduction 
of the nitrate ; A. Favesi found that some hydroxylamine is also formed. E. Fugh 
found that nitrous acid is completely transformed into ammonia by the action of 
a soln. of stannous chloride in hydrochloric acid at 70 ° — vide infra, nitric acid. 
M. Gdrlich and M. Wichmann treated soln. of various nitrites with hydrogen sul- 
phide, and found that the nitrogen is also quantitatively transformed into ammonia. 
0. Kellner reduced a soln. of sodium nitrite with sodium-amalgam and obtained 
ammonia. W. Muller and E. Goisenbergcr prepared ammonia by passing water 
vapour mixed with the products obtained by calcining barium or potassium nitrate, 
through a retort filled with carbon ; and also by healing a mixture of potassium 
nitrate and hydroxide, and carbon. II. E. Baudoin and E. T. H. Delort found that 
a mixture of sodium nitrate and hydrocarbons like naphthalene or tar gives a mixture 
of carbon dioxide and ammonia when heated to 800°-D00°. 

According to B. Ihlo, the formation of ammonia at the cathode in the elec- 
trolysis of nitric a cid depends on the current density and the cone, of the acid. Thus, 
for acids of I4'G7, 28*73, 43*34, and 85*37 per cent. UNOy, current densities of 
0-00159, 0*01122, and 0*0564, and 8*6 amps, per sq. cm. were respectively required 
before any trace of ammonia was obtained. With increased current, the quantity 
of ammonia formed was also increased. J. F. Danicll noted the formation of 
ammoma at the cathode during the electrolysis of an aq. soln. of potassium nitrate. 
G. E. Oassel obtained ammoma by the electrolysis of soln. of nitrates. 

According to J. W. Ddbcreincr, if zinc together with iron be immersed in a 
soln. of potassium hydroxide containing a nitrate, ammonia is formed, while if 
the nitrate be absent, hydrogen alone is evolved. F. Schulze showed that all the 
nitrate- or nitrite-nitrogen is transformed into ammonia by the action of zinc, 
zinc and platinum, aluminium, or sodium-amalgam on alkali soln. of nitrates or 
nitrites. E. J. Mills and T, U. Walton found that sulphates favour the reaelion ; 
the more sulphate present the quicker the reduction. The reaction was ex- 
amined by W. Wolf, A. V. Harcourt, and M. Siewert. The reaction is rather 
important, because upon it is based a method for determining the quantity of 
nitrites and nitrates in poialle water. 

A ndxiuro is inadB of 25 grma of sodium hydroxide in 70 c c. of water, 20 grms, of zinc or 
aluniiniiim turnings, a pifx e of bright sheet iron, and 5 grms of nitric acid m a half-htro flask, 
ammonia gas is slowly evolvod— 4Zn-H719aQH-hNaN03- IZu(()Na)|H ZHtO+NH,, 
with zinc; and 8 Al-f- 6 K()H+SKB 03 4 2H|0=-8KA]0|-f 3NH„ with aluminium. The 
reduction of the mtric acid by the hydrogen liberated by the uotion of zinc on the alkaline 
soln. is rather too slow to make this a suitable proross fur making ammonia for experi- 
monte with the gos. One of the methods uf preparing ammonia employed by J, S. Stas, 
in his work on at. wta., was to allows cone. aq. soln, of puriiied potassium nitrite mixed 
with puriiied potosli-lye, sp. gr 1*26, to act for 72 hra. on an alloy of carbon-free zinc and 
6 per cent uf lead and iron wire. The clear soln. was tiion heated until all the ammonia 
was expelled. 

J. Bciset found that when iron-illinp are heated with a cone, soln, of potassium 
hydroxide, at 130’’, either in air or in hydrogen oontaniinatod with nitric oxide, 
both nitrogen and ammonia are evolved, but if tho hydrogen bo thoroughly purified, 
no ammonia is formed. M. Faraday found no azUmonia is evolved when a mixture 
of potassium hydroxide and nitrate is heated, but it zinc be present, ammonia is 
formed ; J . W. Dobereincr, that a heated mixture of potassium hydroxide and nitrate 
and iron-filings gives off nitrogen, hydrogen, and much ammonia ; and F. Kuhlmann, 
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that sodium sulphide and potassium nitrate at give off ammonia, and similai 
results were obtained on heating a mixture of arsenic txisulphide, potassium 
ojdioxide and nitrate* A mixture of ethylene, alcohol vapour, or ethyl nitrate 
and nitric oxide furnished ammonium cyanide when passed over heated spongy- 
plalinum. J. W. Ddbeieiner showed that when a soln. of platinum ip aqua regia, 
c )ntaining some free nitric acid, is sat. with potassium hydroxide, mixed with 
alcohol, and exposed to sunlight, platinum-black is deposited and some ammonia 
it) evolved. K. I. Chapman found that some ammonia is formed when nitric oxide 
LB reduced by a cone. soln. of hydriodic acid. 

The reduction of nitrates and nitrites to ammonia by the action of bacteria 
was observed by M. W. Beycrinck and A. van Dclden,^ E. Crespolani, H. Gerlach 
and 1 . Vogel, E. Marchal, U. Gayon and G. Dupetit, A. Milntz, and J. Stoklasa 
and E. Vitek— vide bupra for the reduction to nitrogen ; and for the reduction 
of nitrates to nitrites. 

3. The prepa/ralion of ammonia from ammoniacal compounds , — ^When ammonia 
gas is required for the laboratory, it may bo obtained from a cylinder of liquid 
ammonia ; by boiling aqua ammonia in a flask, or by heating an intimate mixture 
of commercial ammonium chloride or ammonium sulphate with twice its weight 
of quicklime, CaO, or slaked lime, Ca(OH)2. The reaction is represented; 
2NH4l'lH-(^a'(0H)2-CaCl2+2H20+2NH3. Other mixtures are recommended by 
C. B. Eresenius,!^ F. Mohr, and E. Harms. Ammonia combines with the ordinary 
drying agents — cah ium chloride, sulphurir acid, phosphorus pentoxide -and 
u ( cordingly these agents must not be used with the idea of drying the gas. A tower 
rif quicklime is generally employed. R. Bunsen used fused potassium hydroxide, 
if a mixture of ammomum chloride and quicklime is to be heated, an iron tube, 
01 a copper flask, without the tube-funnel, is preferable to glass, since steam is liable 
to I (ludeijse on the walls of the flask, trickle down, and crack the hot glass, 
ir. Hampel and H. Sioinau found that ammonia is produced when iron, ammonium 
chloride, and nilTogen are heated together at 300 ^’ under 50 atm. press. : 
3 Fe-+ ONHaCI-I N2=3FeCl2+8NIT3. A gaseous mixture is obtained containing 
up to 99 per cent, of ammonia. The portion of this derived from the ammonium 
rlilonde may be allowed to react with the ferrous chloride ; the ferrous hydroxide 
formed is reduced and the ammonium cUoride recovered for further use. 

J. S. tSlas, in his work on at. wis., used purified ammonium chloride for the 
lircparation of ammonia. E. Schering purified commercial aqua ammonia by 
diRt illat lou from an a dmixture with one or two per cent, of potosbiuuL jiermanganatc, 
and W. N. Hartley and J. J. Dobbie removed the pyridine from ammoma by the 
fractional crystallization of the oxalate, and testing the product spectroscopically. 
C. Matignon, II. D. Gibbs, and F. G. Eeyes and B. B. Brownlee, used sodium 
mixed with iccently fused sodium chloride to purify the ammonia and distilled 
oil the gas. L. Moser and R. Herzner said that commercial ammonium salts 
always contain organic matter which can be completely oxidized by nitric acid 
or ])Dta5sium permanganate at high temp. Ammonia can be treed from pyridine 
and other impurities by passage over prepared wood charcoal. A. Leduc, C. llugot, 
F. E. 0. ScliclIcT, 0 . Brill, G. A. Burrell and I. W. Robertson obtained ammoma 
lor their investigations by distilhng aqua ammonia one or more times, and dry- 
ing it with fused alkali hydroxide. The ammonia was obtained from a cylinder of 
the compressed gas by L. A. Ellcau and W. D. Ellis, E. C. Franklin and 0 . A. Kraus, 
11 . D. Gibbs, U. Dieteiici and II. Hrewes, P. A. Guye and A. Fintza, E. P. Peiman 
and J. H. Davies, G. Holst, L. Moser, and E. C. McKelvy and C. S. Taylor, 
and fractionally distilled one or more times. A. Vogel, and T. Weyl prepared 
almost dry ammonia by saturating a soln. of calcium chloride with dry ammonia, 
and driving ofl the absorbed gas by heating the sob. G. Neumann obtained a 
steady stream of ammonia gu by the action of solid potassium hydroxide on an 
aq. sob. of ammonia. E. Carey and co-workers heat^ an intimate mixture of 
auunomum and sodium sulphates : (NH|)^04+Na2804=2NaIlS04+2NIl3. lu 
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his work on the liquefaction of ammonia, H. Faraday saturated silver chloride with 
the gas, and afterwards ezpdled the gas from the amminochloride (g.v.) by heat. 
J. H. Niemann used a similai process and said that a temp, of 112Ml9° is neces- 
sary to drive ofi the ammonia. 0 . Knab used calcium chloride as absorbent in 
fhM of silver chloride, and H. L. F. Mdsensi wood-charcoal. E. Divers and 
F. M. Baoult heated the liquid obtained by saturating ammonium nitrate with 
ammonia. 

4, The preparation of ammonia by the action of water on nitrUee^ ste. — ^Ammonia 
is formed by the action of water on various nitrogen compounds (;.v,) — e.g. nitrogen 
phosphide, sulphide, iodide, and chloride. Its production by the action of water on 
various nitrides has been previously discussed. The Titan Co.^ prepared titanium 
nitride by the reduction of ilmrnite in an electric furnace in the presencp of nitrogen, 
and the product treated with dil. acid to remove the iron present, was then heated 
with 1'3 pts. by weight of 50 per cent, sulphuric acid at 25 atm. for 3 hrs. The 
nitrogen present is converted into ammonium sulphate, whilst the titanium forms 
titanium sulphate which immediately decomposes with quantitative precipitation 
of titanic oxide. G. P. Guignord recommended decomposing the nitride by steam 
at 360^-500'^. L. Mourgeon heated a metal oxide in flue gas so as to reduce the 
oxide, and convert the metal into nitride. The nitride was then decomposed for 
ammonia. The action of superheated steam on calcium cyanamide, CaCN 2 , also 
furnishes ammonia; CaCN 2 + 3 H 20 =CaC 03 + 2 I^Hs. The cyanamide is made 
from atm. nitrogen so that this process was employed by A. Frank, and N. Caro 
for the fixation of nitrogen. The StickstoSbindungs-industrie made ammonia by 
the action of water at 1 ^° and 12 atm. press, on cyanides in the presence of alkali 
hydroxide. In the case of lithium nitride, made from atm. nitrogen : 
6 Li+N 2 = 2 LisN, and its subsequent treatment with water for ammonia: 
Li 8 N-t“ 3 H 20 = 3 Li 0 H+NH 8 , the electric energy required to convert the lithium 
hydroxide back to lithium appears to be about half that required to oxidize the 
pq. quantity of nitrogen ; the loss of ammonia by absorption is small. Consequently, 
there are many promising features in the fixation of atm. nitrogen as ammonia by 
the intermediate formation of nitrides of, say, lithium, barium, calcium, aluminium, 
etc. L. Moser and B. Herzner obtained ammonia of a high degree of purity by 
allowing pure magnesium or calcium nitride to fall gradually into gas-free water. 
Owing to the highly exothermal character of ihc reaction decomposition of the gas 
occurs if water is allowed to fall on the nitride. The only impurity is hydrogen 
derived from traces of metal in the nitride. B. F. Halvorsen obtained ammonia 
by passing a mixture of hydrogen and hydrogen cyanide along with oxygen over a 
heated catalyst— e.^. ferric or chromic oxide at about 400^. T. T. Mathieson and 
J. Hawliczck^ recovered ammonia from the cyanides present in crude soda by the 
action of superheated stc^am at 300^-500°. F. Margueritte and M. de Sourvcdal 
employed a HimiUr process for recovering the ammonia from the cyanides produced 
by heating a mixture of baryta and carbon in air ; and T. B. Fogarty, from the 
cyanide obtained by heating a mixture of powdered coke and alkali in air or in 
generator gas. W. A. Nel^n obtained ammonia from tho nitrogen of furnace 
gases by heating clay, or a hydrated silicate which gives off its water at a high 
temp. It is beUeved that as the water of combination is evolved, it reacts with 
the nitrogen or nitrogenous compounds in the furnace gases to form ammonia. 
This is recovered by cooling and scrubbing the furnace gases. 

6 . The production of ammonia from nilrogenoue organic compounds, — ^The for- 
mation of ammonia from cyanides— vufc supplementary volume, Norsk Hydro- 
Elektrisk Evaelstofaktieselskab ^ obtained ammonia by the hydrolysis of hydrogen 
cyanide (produced in the electric arc) by means of steam ; a large excess of steam 
is required and the process is difficult to controL 11 , however, the theoretical 
quantity of air or oxygen is added it unites with a part of the excess hydrogen 
present in the gas, and hydrolysis proceeds quantitatively and evenly with only a 
sh'ght rise of temp., the reaction being HCN+H 20 = NHs+CO. Ferric oxide or 
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a miztura of ferrio ozid« and altmiimnm oxide is a Boitable oatalyat. The sntpliu 
gases are returned to the piooesa after enrichment and, if air has been used, its 
nitrogen irill serve for cyanide production. As indicated in connection with the 
history of ammonia, iirma and ocmd'8 dung are probably the oldest sources of 
ammonia. Putrefied urine has been used an indefinitely long time as a source 
of ammonia for scouring wool, oto. Normal urine has 20^25 gnus, of urea or 
carbamide per litre, and an adult man produces 22-37 grms. of urea every 24 
hrs. During the putrefaction, the urea is changed into ammonium carbonate. 
The above-mentioned quantity of urea (with a little uric acid) corresponds 
with between 9 and 17 lbs. of ammonia per man per annum. The ammonia 
in sewage is usually too dil. for it to be profitably extracted, but in a few 
places the ammonia is recovered from sewage and from sludge. Several 
patents have been taken out in this connection— e.jf. by J. Duncan, R. Brull6 
and A. Leclero, W, F. Nast, A. Mylius, E. Wedemeyer, H. W. Seifieri, 
F. J. Bolton and J. A. Wanklyn, J. Yonng, J. C. Bntteifield and G. Watson, 

J, B. Taylor and H. V. Walker, etc. The preparation of ammoniacal liquor from 

leather, sciaps, etc., has been discussed by T. Richters,^ J. Young, H. Proschwitzky, 
L. Trails, and L. Sternberg. Ammonia is formed when mtrogenous compounds 
— bones, ham, hair, skins, and other animal are heated m closed 

voasols. Animal charcoal or char remains in the retort, while ammonia and tar 
rich in pyridines pass ofi. The tar is known as Dippd's hone oil, and the ammoniacal 
liqu or which fioats on the tar is then purified— vide infia. An old term for ammonia 
^s^pmlus cornu cervi, or spirits of hartshorn — ^refers to the former custom of pre- 
panng ammonia by heating the hoofs and horns of stags, etc., in closed vessels. 

L. N. Vauquelin observed that some ammonia is formed by heating a mixture 
of gum and potassium mtrate; and J. B. F. Pagenstccher, a mixture of 
poiabsium nitrate and cream of tartar. F. Varrentrapp and H. Will pointed 
out that if potassium hydroxide or soda-lime is present, most of the nitrogen is 
transformed into ammonia ; and £. Schulze observed that nitrogenous organic 
matter gives oS all its nitrogen as ammonia when heated with soda-lime. This 
IH the pnnciple of one of the standard methods for the determination of nitrogen 
in organic matter. The ammonia is absorbed in sulphuric acid. The ammonia 
reported by J. Woodhouse, H. Davy, and C. F. Hollundcr to bo formed when a 
mixture ol potassium hydroxide and charcoal is heated is probably due to the 
intermediate formation of cyanides from the contamed nitrogen and atm. nitrogen, 

M. Berthelot found that many rntrogenous organic compounds furnish ammonia 
when heated with hydriodic acid ; and J. Kjrldahl showed that the nitrogen ol 
many nitrogenous compounds is all converted into ammonia or ammonium sul- 
phate when heated with cone, sulphuric acid— in the case of nitro-compouuds and 
cyanides the reaction is not always quantitative. The reaction proceeds more 
sati&f act only in the presence of mercury or mercuric oxide, copper, potassium 
hydiosulphate, sugar, phenol, k'nzoio acid, and analogous compounds. This 
reaction has been discus^ by C. Arnold, A. Atterberg, C. Budde and C. V, Schon, 
U. Czcczetka, L. Garnier, J. W. Gunning, G. Ereusler, F. Kulisch, L. Maquenne 
and £. Roux, B. Proskauer and M. Ztlkcr, S. Schmitz, E. Ulsch, II. Vogtherr, 
H. Wdfarth, etc, In 1841, J. Young proposed to recover ammonia from gmno 
by mixing it with lime and heating it in a closed vessel, but the process was 
not remunrrative. G. Vibrans proposed to collect the small amount of 
ammonia which is evolved during the evaporation of beetroot juke for sugar. 
A comparatively large pioportiDn is present in vinasse, i,e. the residue left after 
fermenting the sugar of molasses and distilling ofi the alcohol. When vinasse 
IS ^tilled in a closed vessel, ammonia and trimethylamine are evolved and the 
residue is employed as manure or worked up for potassium salts. Patents for this 
have been obtained by W. Bueb, Badische Gesellsohaft, L. Sternberg, £. Ernst, 

K. Lederer and W. Ointl, E. Meyer, etc. ; and the subject has been discussed by 
H. Oflt, J. Lajbi, and C. Vincent. 
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Ammonia la produced as a l)T-pzoduct during the itj distillation of coal in the 
manufacture of coal-gas, and in the manufacture of coke in ooko-ovcns. Only a 
email percentage of the total nitrogen of the coal is recovered in the form of ammonia, 
the remainder is distributed in the coke, in the tar, as cyanide in tht* gaa and ammo- 
niacal liquor, and as free nitrogen in the gas. The percentage amounts of the total 
nitrogen distributed in this manner are as follow : 




Ook.. 

Tar. 

Cyanidei. 

NUroRen. 

AmiQnnla. 

Gas-works ■ 

• 

68-3 

8-9 

1>2 

10-5 

171 

CSoke-ovens • 


43-31 

2-98 

143 

37-12 

)6*G 


The gas-works data are by J. McLeod ; and the coko-ovon data, by A. Short. 
The maximum yield of ammonia is obtained at about 900^-'950'^, and the normal 
production is about 20-25 lbs. of ammonium sulphate per ton of coal carbonized. 
With low temp, carbonization, about 450^ as in the maimfarturc of coalite, a largo 
proportion of the nitrogen remains with the coke ; at higher temp., more nitrogen 
is given ofi from the coal, primarily as ammonia, yet this is subsequently decomposed 
by the action of the incandescent carbon. Vertical retorts working at a luglier 
temp, may give a higher yield than horizontal retorts because in s])ite of the un- 
favourable tendency of the higher temp, to decompose the ammoniacal vapours, 
the volatile products escape from the hot-zone more rapidly. If the vertical retorts 
are steamed during carbonization, the yield may be doubled. The use of limn, 
recommended by W. J. Cooper, for iacreasing the yield of ammonia, was abandoned 
because of the resulting deterioration of the coke. R. A. Mott and II. J. Hodsman 
discussed the factors influencing the yield of ammonia in the cnrI)onizalion of 
coal. The extraction of ammonia from coke-oven gas, etc., was discussed by 
M. Mayer and V. Altmayer, H. Warth, C. Winkler, L. Mond, J. M(*iklo, 0. Olaiide, 
Z. M. Stinnes and A. Weindel, P. W. Stecre, H. A. Curtis, C. JI. S. Tu]>boIme, 
R. K. Tatlock, W. Heinemann, G. Reiniger, T. von Bauer, etc. In the manu- 
facture of the Bo-callcd producer gas from gaseous fuel, at a higher temp., much 
of the ammonia is dissociated in the producer, but if the temp, is kept low, 
by the use of steam, much of the ammonia escapes decomposition and can sub- 
sequently be recovered. This is at the expense of the calorific value of the fuel. 
Ammonia is present in blast furnace gas when coal is used. Tn (hat case, 
the ammonia and tar are recovered by cooling and washing the gas. Many at tempts 
— by H. Grouven, J. Riiderer and co-workers, W. Steger, G. W. Inland and 
H. S. Sugden, A. Muntz and E. Lain4, F. Kuntze, C. Fieper, L. Casalc, F, Bratt, 
G. Claude, E. L. Feasc, K. F. McElroy, and H. C. Woltercck — have been made to 
recover ammonia from peal, but with no mark 'd success. The subject has been 
discussed by A. Frank and N. Caro. Ammonia is evolved in the distillalion of 
oil-shales, and it can be recovered by cooling and washing. W. Young and 
G. T. BeUby increased the yield of ammonia by the introduction of steam rliiriug 
the distillation. 

The ammoniacal liquor obtained by washing the gases produced by the dry 
distillation of nitrogenous substances is decanted from the tar. It is a pah^ yellow 
or dark brown liquid smelling strongly of ammonia, hydrogen sulphide and phenols. 
Its Bp. gr. is l*01-r03. The composition of the ammoniacal liquor varies at 
difierent stages of the process — e.,7. the hydraulic main liquor, the condenser liquoT^ 
and the scrubber and washer liquors of the gas-works — ^with the nature of the coal 
employed, the conditions of carbonization, and the nature and method of working 
the plant. The qualitative composition does not vary so much. The liquid 
contains ammonium chloride, sulphides, carbonates, cyanide, thiosulphate, thio- 
cyanate, and ferrocyanidc. Small quantities of pyridine arc present, and, accord- 
ing to P. W. Skirrow, 0'l-0'35 grm. of phenols per 100 c.c. The percentage 
amounts of the above constituents present in 100 c.c. of liquid arc indicated in 
Table XIII, by S. E. Linder. An analogous table for German coal has been made 
by M. Mayer and H. Hompel. There has been some discussion as to the presenoe 
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TabxiB XIII.^Thb CoHPOsmoN ot Amuomucal Liquor (Gkrams por 100 d.o.) 


Comtltuent. 

OM-wurks. 

Coke- 

oven. 

Blast furnoceH. 

. . _ 

Shale 

works. 

Gnallie 

works. 

Average. 

Hydraulic 

main. 


1 

1 

u 

1 

Averane. 

i 

Volatile ammonia . ■ 

1-029 

0-721 

3-247 

0-841 

0-191 

0-362 

0-873 

1 -.547 

Fixed ammonia 

O'UIS 

0-306 

0-221 

0-102 

O-OOH 

O-U09 

0-1)32 

0-170 

Total ammonia 

2-542 

1-027 

3-168 

0-943 

0-190 

0-371 

0-906 

0-7J7 

Amm. aulpliido, (NI1|)|S . 

0-862 

0-27A 

0-708 

0-466 

nil 

— 

0-098 

0-230 

Amm. carboiiato, (NlldjCO^ . 

5-0i)l) 

1 -320 

H-SIU 

] -960 

l-lOl 

— 

2-H70 

0-3h0 

Amm. ehlorido, Nllit'l 

1-120 

0-838 

0-450 

0-217 

0-006 

— 

0-015 

0-106 

Amm. Hulphute, (NJld^SOi 

0-202 

— 

— 

0-032 

0-000 

— 

0-016 

0-054 

Amm. IliiORulpliatf), 

0-1 7:i 

— 

— 

0-041 

l)-002 

-- 

0-090 

0-107 

Amm. thioeyanutn, NllifStV , 

n 528 

0 0i7 

0 070 

0'043 

0-003 

0-003 

ml 

0-335 

Ainni. ^■yanlde, . 

0-086 

0-034 

0-070 

0-070 

ml 

0-003 

ml 

ml 

Amm. ferroeyanido, (Nn 4 ) 4 FoFy| 

0-038 

0-039 

0-030 

nil 

nil 

ml 

ml 

ml 


of frpp ammonia ; m many casos, thp arida produced are huUiriciit to rombino 
with all till* ammonia ; but with hyilraulic main liquor colh'rtpfl abovp CO^", free 
ammonia ia usually jirospnt. The pxistoiicc of ammonium pyaiiidc has also bcnn 
quest ionod. 

Tlie aniinoniacal liquor was formerly neutralized with sulphuric or liyilr(»chloric 
arid and the aoln. evaporaterl fur the sulphate or chloride. The produels were very 
iin])iin*, and the escajnn^ hydrof^on sulphide, etc., created a nuisance. The ammonia 
is now usually recovered by ilistillntiim from an admixture of the aniinoniacal 
liquor with lime or soda lye. The slill may be heated by external firinpf, by internal 
healiiifr wiili sleam-eoils, or, as is the poiumnn practice, by blowing li^T steam 
through the still. The ammonia evolved may be converted into suljdiaie, ronr. 
gas-lujuor, aq. amnioiiia, *»r liquid ammonia. The largest proportion is converted 
into sulphate. Stills have been deseribed by H. (Jiiineberg and K. -pplri. 

mann, (1. Wilton, P. Parrish and 0. W. Wright, W. M. Scott, J. Ballantyno, 
W. Wyld, etc. 


A. Fiildmami'H original procp'ia is illusl ruled by Tip. 20 The eja*? liqnnr pnssM tliroiigh 
the mdifyiiig enUimn J, and llo'ws into the \ easel, [i, mto wlucli milk ul lime is pumped 
Ht intervals, rm G At the same timo the 
uholn IS kepi ugitotod by btoam injoctod 
uito tho iiiixluro. The liquor, after do- 
fiositjiig iTio.st at tho limo, flows into the 
ROGOnd eoluinn, whom Iho ainmoiiia 
lilierated by the lime is distilled oft. Tlio 
Hjient liquor ruiih i otiiinuously awH> rid y, 
and tUo gases and vapours puss tsd h into 
tho first eoluinn, BA^ whieli servos both for 
n'laining tho w'ator. and for drning off 
the volatile ammonium salts in thn enidn 
gas-liquor. 'Phe saturator, and gas-bulb 
F, ri^qiuro no apecinl eommonl. In tho 
more roeont tyfios, uiiJyasinglo eoluiim is 
used, and modifieatiuiis have l)oen mndo 
in tho method of lutnidueing tlie milk of 
lime. 



Ammonia was formerly obtained by 
distiDing a mixture of ammonium sul- 
phate and lime ; but it is now usually 
made by direct distillation of the gas- 
liquor BO as to produce either the so-called concGniratcd gas-Iig\to7j or the so-called 
putwfic amThORtd, The funner has 16-26 per cent, of ammonia in the cruder product 


26. — A Feldinann's AmmonJa StiU. 
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containing the sulphide, and sometimes the carbonate. It is used for the prepara- 
lion of ammonium sails, and in the ammonio-soda process. To prepare caustic 
ammonia, a large excess of lime must he added to the gas-liquor to hold back the 
acid constituents including carbon dioxide and hydrogen sulphide ; or, as is more 
usual, the vapours are rassed through a set of two or three washers containing 
milk of lime. The last lime-washer may contain a little ferrous sulphate in soln. 
to remove the last traces of sulphur, or else, as recommended by 0. Pfeiffer, a small 
extra washer containing soda-lye is added. Different types of washers have been 
recommended. The gases then pass through a series of scrubbers charged with 
wood-charcoal to remove the strong-smolling, empyreumatical matter derived 
from the tar— in some cases the gases are finally passed through a fatty or high 
boiling mineral oil to remove these empyreumatical matters. The sat. charcoal 
is revivified for use by heating in closed retorts. The purified gas is finally passed 
into distilled water to form aqua ammonia of any cono. up to 36 per cent. NHj|. 

The subject has been diBOussed in the Colloiiing works : Qt. T. Calvert, The Manvfaclurp 
of Sulphate of Ammonia, London, 1911 ; J. Grosninann, Daa Ammonidk und enns Verhin- 
TTalle a. R., 1908 ; F. Muhlert, Die Induetnr der Ammomak und Cyanver^}ndungen, 
Leipzig, lOlS ,- R. Arnold, Arnmania and Ammonium Uompounde, London, 1890 ; V Urboin, 
Ammomaque, Faiis, 1884; C. A. T. Villiers, Ammonium ei lea §rla ammonweaur, i’aiis, 
1884; r. Trucliot, Vammoniaqur^ sea noimaur jn-ocidie dr fabricatum, J’aris, 1897; 
(I. ISchuchardt, Die terhuieche Qemnnung von Sltckstoff, Amnioniak, und achwe/elsmirem 
Ammonium^ Stuttgart, 1010. 

In addjtion to the aqua ammonia of commerce, the gas is liquefied and stored in 
steel cylinders. Liquid ammonia is used for refrigeration. Instead of passing the 
gas into water, it is well dried, and liquefied by compression pumps. H. W. Pooto 
and S. R. Brinkley recommended the following method of storing and delivering 
dry ammonia : 

I'he apparatus consists of a 600 g.o. wide-neckfMl bottle fitted with a stopper carrying 
two tubes with taps, ono for dohveiy and tbe othor for cliargiug. Tlio liottlo is nearly 
filled with ^ ammouium thiocyanate, which sets as adsorbent The bottle is sur- 
rounded by ice and the charging tube connected to an aramoma generator, the ammunia 
as it enleie the bottle is absorb^ about as rapidly oh by water, and ivJien the animonium 
thiocyanate is sat., it contains about 45 per cent, of its wt. of ammonia, The ammonia 
fan be drawn oh by filiglitly raising the temp , room temp, is gfcmcrully sufficiently high, 
Tlim method has the advantages that the rate of evolution of the gas cun bo roodily con- 
trolled by slight changes of temp , and also Hie gas evolved is dry. 

According to E. ScLciing, some commercial samples of aqua ammonia contain 
ammonium carbonate, chloride, and thiocyanate, as well as pyridine, pyrrol, etc. 
Hence, with acotic acid, it may acquire a yellow colour, and with hydrochloric acid 
a red colour. H. von Strombeck reported the residue left on evaporating some 
samples of liquid ammonia contained water ; methyl, ethyl, and isopropyl alcohols ; 
acetone ; and ammonium carbonate. In addition, mineral oil, sand, and iron 
oxide and sulphide were found, being accidental inipuiitieB introduced during 
liquefaction or from the iron containciB. A. Jjange and J. Hertz reported water, 
pyridine and some of its homologues, nicotine, ethyl alcohol, acetonitrile, ammonium 
carbonate, and mineral oil — and occasionally benzene and naphthalene — 
but they never found acetone or any alcohols other than ethyl alcohol, 
K. Urban reported pyrrol. J, Bougault and B. Gros found acetone. The non- 
condensing gases in the container were found by W. D. Richardson, and 
P, W, Frericha to he mainly oxygen and nitrogen nearly in the proportions required 
for air ; and, in some cases, hydrogen was present. A. Lange, E. 0. McKelvy and 
G. S. Taylor, C. Lndeking and J. E. Starr, H. Bunte and V. Eitner, and R. Luoion 
and D. de Paepe have made observations on this subject. For the purification of 
ammonia from the cylinders, vide supra. 

Ksfbrsnobs. 

■ F. Kuhlmaun, Compt. Rend,, 6. 1117, 1838 ; G. B. Johmon, Ekmeniaru Nitrogen, LnndoiL 
1885 ; Joum. Vhem, Soe., 89. 128, 130, 1881 ; U T. Wright, ib., 88. 357, 1881 ; B. B. Masted, 



NITB06EN 


169 


118. 168, 386, 1918 ; 115. 118, 1919 ; Joum. 8oe, Chm. Ind., 86. 777, 1917 ; 87. 232, 1918 ; 
Bi^. Pat Nm. 130023, 130003, 1919 ; Anmomia and tha Nitrides, London, 1921 ; H. B. Baker, 
Chem. News, 48. 187, 297, 1883 ; F. da la Rocho, Sehiweigger's Joum., 1. 123, 172, 1811 ; Ann. 
Mweum Hist. Nat., 14. 184, 245, 1809 ; J. B. Biot, Afdm. dArcfuil, 2. 487, 1809 ; C. F. SchOnbein, 
Verh. Oes. Jiastl 342, 1802 ; F. Varrentrapp and H. Will, Liehig*B Ann., 89. 266, 1841 ; H. Will, 
ib., 46. 96, 1843 ; K. von Than, ih., 131. 129, 1864; H. Buff and A. W. Hofmann, i6., 118. 129, 
1800 ; Ncr., 23. 3318, 1890 ; G. Fabkenberg, Ueh» die Bildung und Ztrietzung wm Ammoniak 
durch etUlc flrktriichc Nntladvng au9 metaUenen Sptieen, Berlin, 1906 ; H. Fleck in P. A. BoUay, 
Ifandbuch dtr chmischen TscAnolo^ie, Braunachwelg, 2. ii, 48, 1802; A. Geltz, Pyrogene Be- 
aUionrn in dtr Ilocfupanmng^nme, Muiicben, 1904; J. Plucker, Pogg, Ana ,103. 88, 1867 ; 
105. 07, 1858 ; K. Royor and £. Jaoqndmin, Vlnat., 103, 1859 ; N. T. de Saussurr, Ann. Chim. 
Phy^., (1), 71. 264, 1809 ; Nicholson's Joum., 20. 161, 300, 1810 ; L. T. de Nagy lloava, BuU. Soc. 
('film., (3), 11. 272, 1894; J. BouIb, A., (1), 1. 100. 1869; M. Borthelot, (2), 26. 101, 1876; 
Nfiwi dc micaniqne chimique ftmdie sw la thermochimie, Parie, 2. 376, 1870 ; Ann. ('him. Phys,, 
(8). 6. 174, 1905; ('ompt. Bend., 180. 1346, 1430, 1900; 140. 1153, 1905 ; 0. Morren, %b., 43. 
342, 1869 ; A. Perrut, ib , 40. 204, 1869 ; C. nbabriei, ib., 75. 484, 1872 ; P. and A. Thduord, tb , 
76. 983, 1873 ; 0. Zonghelia, ib.. 162. 014, 1010; H. St. C. DeviUo. ib., 60. 317, 1805; H. Si. 0. 
Deville and Ii Trniint, ib., 56. 801, 1863 ; J. M. Crafts, ib., 90. 309, 1880 ; Amcr. Chtm. Journ , 
2. 98. 1881 ; E. Baur, Bcr., 84. 2383, 1901 ; R. Weinmann, ib., 12. 070, 1879 ; L. Wohler, ih , 
36. 3476, 1903; O. Loow, ib., 23. 1443, 1890 ; 0. Loew and K. Abd, BuU. CoUege Aqnc. 
Tnlyo, 7. I, 1900; A. de Homptinne, BuU. Acad. Bclg., 28, 1902; W. F. Donkin, Phil 
46. .330, 187.7; Proc. Roy. 8oc., 21. 281, 1873; £. P. Perrnan, ib., 76. A, 107, 
190.1; E P. Prnnan and C. A. S. Atkinson, tb., 74. A, 110, 1904; M. Bodeneicin and 
F. Kranendioc k, Peatschrift W. Nemst, 09, 1912; C. N. Hinsholwoud and R. £. Burk, Jonm. 
(%m. 8oc., 127. 1105, 1925; 0. L. Bertbollot, iffm. Acad., 316, 1786; A. B. BrrtbolH 
Chim, Phys., (1), 67. 218, 1808; M4m. iTArceuU, 2. 2G8, 1800; Nicholson's Jo*irn., 24. 
371, 1800; H. B. Dixon, Proc. Manchester Lit. PhU, 3oc., (4), 1. 91, 18BB; W. Heuiy, Phil 
'J'rnm., 99. 420, 1800 ; W. U Grove, ib , 137. 1, 17, 1847 ; A. Fowler and 0. C. L. Gregory, I’b., 
218 A. 351, 1010 ; Prve. Boy Soc., 94. A, 470, 1018 ; L. J. Tbdnard, Anti. Chim. Phys , (1), 65. 
(>l, 1813; M. Bonet y Bonfill, ib., (3), 36. 225, 1862; Bend., 84. 688, 1852; K. Pohl, 

hrr d(ut. phy^. Ors., 4. 10, 1906 ; Ann. Physik, (4), 21. 879, 1906 ; E. Kcgrner, ib., (4), 20. 1033. 
lOOG; E. Warburg and £. Krgencr, Sitzber. Akad. Bfrlin, 1228, 1004; E. B. Ludlam, Trans. 
I'uraday Bor,., 18. 43, 1917; A. T. Otto and Sons, 118. Pah No. 1650805, 1925; H. B. Mdbm, 
ifi , 1490027, 1024; Thu Nitnvgen Corporation, Bril Pat. No. 166698, 1921; U.S. Pat. No, 
]4:)1509, 1921; C. Ellis, ib., 1658698, 1926; S. L. Tingley, ib., 1495656, 1924; H. Hartor, ib., 
1550805, 1560800, 1925; C. B. Jacobs, ib., 1376207, 1921 ; H. R Taylor, Trans, Faraday 8oc., 
21. 523, 19211 ; R. Scbonfolder, Ber. Oen, Kohlentech., 397, 1025; F. A. Ernst, F. 0. Reed, and 
^V. fi. Edwni^, Joum. Ind. Eng. Chem., 17. 775, 1925 ; W. W. Scott, ib , 16. 74, 1024 ; 

E. ColUtt, Bnl. Pat. No. 237394, 1924; L. Duporo and C. Urfer, ib., 140061, 1920; C. Urfer, ib., 
PI9(i25, 1923 ; K. A. Hofmann and £. Will, Ber., 55 B, 3228, 1922 ; J. R. Partington, Joum. Soc. 
( hem. Ind., 40. 98, 144, 183, R, 1921 ; A. Sohmidt, Zril angew. Ohm., 88. 1140, 1920 ; F. Meyer, 
tb , 36 404. 1023 ; P. R. de UmbUly, Grrman Pat,, D.B.P. 74275, 78673, 1890 ; K. V. (\ Baly and 
TT M Duncan, Journ. Cbm. j7oe.,121. 1008, 1922; H. Harter and J.M.Mi'yer, German Piif.,D.i2.P. 
37S200, 1921 ; £. Doearribro, BhU. Soc. Chim., (4), 85. 48, 1924; Ann. Chim, Phis,, (9), 18. 312, 
1922; V, PiincalandE. Deca^ri^^c, Mhn, Poudres, 21. 68, 87, 1924; £. In aba. Bull Jn6l Phys, 
Chm. Bt search Japan, 8. 223, 1923; H. le Cbatelior, French Pat. No, 313950, 1901 ; G. Fausor, 

V. S. Pat. No. 1487647, 1035; Canadian Chem. Met,, 7. 263, 1023; Bev. Prod, (him., 26. 401, 
1 923 ; L. r 'aRalo, ib , 26. 280, 1923 ; Canadian Chem. Mel, 7. 1 2. 1023 ; Canadian Pal Nos. 205074, 
205780, 266781, 1020 ; H. U. Falk and It. H. McKee, Mtl Chem. Engg.,2lb. 224, 1923; C. P. Stcin- 
motz, tb., 22. 290, 363, 411, 465, 1020; J. J. van dor Bossobo, Chem. Trade Journ., 73.260, 304, 1023; 
R. Nitbaok, German Pai., D.B.P. 95632, 1897 ; E. WarWg, Sitzber, Akad Berlin, 216, 1012 ; 
K Halier and G. van Oordt, Zeif. anorg. Chem., 43. Ill, 1905 ; 44. 341, 11H)6 ; 47. 42. 1905 ; 

F, Haber and R. Id Ruasignol, Ber., 40 2144, 1910 ; Znt. Ehktrochem., 14. 181, 513, 19U8 ; 19 
53, 1913 ; F. Haber, S. Tamaru, and W. Ocholm, ib., 21. 200, 1016 ; F. Haber and S. Tamam. 
ib., 21. 191, 1915; F. Haber, C. Ponnaz^ and S. Tamoru, ib., 21. 89, 1015; F. Haber and 
A. Maschko, tb., 21. 128, 1916 ; F. Haber and H. C. Grcenu'ood, ib., 21. 241, 1916 ; F. Haber, 
NtUurwiis., 10. 1041, 1922; Zeit. Elektrochem., 18. 460, 1907; 16. 244, 1910 ; 20, 697, 1014; 

W. Nrmst. ib., 18. 521. 1907 ; 16. DO, 1910 ; A. Findlay, ib , 12. 129, 1906 ; M. lo Blanc and 
J. H. Davies, ib., 14. 361, 1908 ; A. GiiiitheT Schulze, Zeit, Elektrochem., 80. 386, 1924 ; F. Fiofater 
and R. Sutcr, Helvetica Chtm. Acta, 6. 246, 1922; H, Tominaga, Zeil Elektrochem., 30. 628, 
1924 ; F. Just, ib., 14. 373, 1008 ; Zeit. anorg. Chem,, 67. 425, 1908 ; P. Neogi and B. B. Adhiooiy, 
ib., 09 209, 1910 ; E. Maurer, ib., 108. 273, 1919 ; H. A. Bemthsen, Intermi, Congress, App, 
Chm., 28. 182, 1912; J. ScUlutiuR, Bnl Pal No. 2200, 1003; L. Casale, ib., 221956, 1923; 
F. W. do Jahn, U.S. Pal Nos. 1141947, 1141048, 1143306. 1915 ; B. F, Halvorsen, ib., 1580038, 
1920; a L. Tinglcy, tb., 1517670, 1924; W. Molrlenhauer, Chem. Ztg., 48. 73, 233, 1934; 49 
65, 1025; H. Hampel and R. Steinau, ib., 42 489, 1918; A. Makowetzky, Vcber die Bildung 
von Wassersioffsuperoseyd, Salpetersdvre und Ammoniak bei der Olmmbogenentladung und dtr 
yerwendung von Wasser ah einer Elektrode, Halle a. S., 1911 ; Zeit. Elektrochem., 17. 217, 1911 ; 
P. L. AslanDgloa, Chem. News, 68. 00, 1890; J. Priestley, Eaeperiments and ObservationB on 
different Etnas cfAir, Birmingham, 8. 368, 1700 ; W. Ramsay and 8. Young, Joum. Chem, 8oe^ 


170 


INORGANIC AND THEORETICAL CHEMISTRY 


46. 88, 1884 ; A. H. White and W, Molville, /cmm. Amn. Chm, 27. 373, 1006 ; E. Hied» 
mann, C'Afm. Zig.^ 45. 1073, 1021 ; R. 0. E. llavu and L. B. Olmstead, Jovim, Ini, Eng, CAem., 
12. 316. lOl’O ; F. A. Ernst, T. C. Reed, and W. L. Edwards, i7»., 17. 776, 1926 ; C. S. liniaon and 
W. KufiscU, Joum, Soc. Chen, Ind,, 41. 37, T, 1022; E. B. Maxied, ift., 87. 106, 232, 1918; 
Jimrn. Chfm. Soc,, 118. IGN. 386. 1918 ; G Claude, EtU, Pat, Eos. 13D086, 1918 ; 130368, 1919 ; 
1400B3, 140089, 142180, 16U744, 153254, 1920; U.8. Pat, ^o. 1679647, 1926 ; Chem. Age, B. 121, 
1923 ; Bull. iS'oc. Chim., (4), 27. 7U5, 1920 ; CAim. Ind., 11. 1065, 1924 ; Oas World, 76. 11. 1911 ; 
P/vg, Ayr. I’lY., 82. 62, 1024 ; ( ompt. Rend,, 16B. 1039, 1919 ; 170. 174, 1020 ; 172. 442, 074, 
1921; m 663. 1021 ; 174. 157. G81, 1022; U. C. Woltoreck. <$cicnr. Proc, Roy, Dublin 8 og,, 
(2). 12. 64, 1909; Cfmpt, Rend,, 146. 124. 1008; 147. 400, 1008 ; L. Brunei and P. Woog, 

145. 922, 1007 ; J. Lipsky, ZiiL KUktrochm,, 15. 189, 1909 ; M. Tomiuaga, ib,, 80. 628, 1924 ; 
H. U. Storoh and A. B. Ulsnri. Joum, Amer. f Aein. Son,, 45. 1005, 1023 ; li, W. G. Wyckoff and 

E. I). Crittenden, ih., 47. 28GG, 1025; S. Duhhtnan, i^>.,43. 426, 1021 ; £. B. Andersen, Zeit. 
Physil\ 10. 54, 1922; H. SpniiiT, i5,, 34 022, 1025; R. 8. Tour. Jovrn, Jnd, Eng. ('kem,, 13. 
298, 1921 ; Chin. Mft. Engj,, 20. 588, 1022; A. T. Lartion, W. L. Mrwtnn, and W. Hawkins, 
i&., 26. 493, 1922 ; A. T, Larbun and A. P. Brooks, ib.. 26. 555, 1022 ; Journ, Ind. Eng, 
Chm., IB. 1305, 1926! A. T. Laihon and R. S. O'nnr, Chem. Mft. Enyg., 26. 047, 1922; 
A. Larson and S. Karrer, Journ. Ind. Eng. Chtm., 14. 1012, 1922; A. T. Larson 
and C. N. Richardson, ib., 17. 071, 11125; A. T. Larson and K. L, Dodge, Journ, Amer. 
Chm, Soe., 45. 2916, 1923; A. T. Larson, Journ. Ind. Eng. (hm,, 16. 1002, 1924; V.S, 
Pat. Eo. 1489407, 1022; Journ. Amer. Chem. 8oc,, 46- 307, 1024; A. K. Olson, ib., 46. 
1208, 1920; H. H. .StorDk and A. R. Olsnn, i6., 45. 1605, 1923; W. A. Noyes, tft., 47. 1003, 
1925; H. S. Hirst, Proc. ('amhridgf Phil, 8oc., 23. 162, 1920; (J. Montemartini, Cazz. Chim, 
Hal., 52. ii, 00, 1022 ; H. Davy, Phil. Trane., 97. 1. 1807 ; 100. 16, 1810 ; Lord Rayk^igh, Journ. 
r/icm. 8oc., 71. 181, 1897 ; E. Ticde and A. Schlccde, Zfit. hUeirorhrm., 27. 112, 1921 ; K. Briner 
and A. Boi^rfuss, lithfhea ('him. Adn. 2. 05, 1910 ; Jovrn. ('him, Phys., 17. 71, 1910 ; E. Briiicr 
and E, Metller, ('ompt Rrnd., 144. 004, 1907; £. Briiicr, Ihlinticti ('him. Arta. 2. 102, 1910; 
Joitm, (‘him. Phye.. 12. 626, 1014; E. Brincr and J. Kahn, i5., 12. 5.34, 1014; W. Kuhn, 
ih., 23. .521, 1020; L. Hamburger, Chem. Wetkhl., 15. 931, 1018; U. T. Kwei, Phys. Rev,, 
(2), 26. 537, 1925; T. R. llugunss and E. G. Lutiii, lii., (2), 26.^, 1025; C. II. Kiinsinan, 
Journ. Phyn. Chem.. 30. 525, 1020; R. N. Pesse and 11. S. 3'ayl(»r, ib., 24. 241, 1020; 
H. V. Tiutar and kl. E. PcrkiiiH, xb , 30. 695, 1020; S. W. Saunders, ib., 28. 1151, 1024; 
M. Guichard, Bull, 8ur. Enc. Nat. Ind., 132. 71, 1020 ; G. K. Fuxwcll, Journ, Sue ( hem. Ini., 
41. 114, T, 1022; J. H. West, tb., 40. 420, R, J021; J. A. Murker, tfi., 41. 388. R, 1022 ; 

F. U. (^nstaUo, Naturr, 117. 230, 1920 ; L. S. Gillespie, Journ. Moth, Phja. MaemehusHie Inbt. 
Tech., 4. 84, 1926 ; Proc. MaMttehusfIts Inei. Tfch., 4 81, 1025 ; Proc. Kni. Aaid.. 11. 73, 1025 ; 
A. W. Gauger, Journ. Amrr. ('hrin. Soc., 46. 074, 1924 ; •!. II. Wolfinilen, Prttr. Roy. Soc., 110. 
A, 404, 1926 ; L. R. Olmstead, Phys. R(v., (2), 20 013, 1022 ; 0. F. Frylmg, Journ. Phy'i Cltcm., 
80. 818, 1926; G. B. Kn>tiak(mksy, ih, 30. 1356, 1026; A. L, Marshall and M. 8. 'J'aylur, ib., 
29. 1140, 1025 J K. R BonholTer, Znf. Elektrorhem.. 31. 521, 1925 ; A. Mininti. Aitif'ongr. Saz. 
Chim. Pura Appl, 09, 1923; R. S. Tour, Chem Mtt Kngq.^A 245, 307, 350, 411, 403, 688. 
1022 ; C. U. Jimes, ib., 22. 1071, 1920 ; A. J. Prince, ('hem. A>uv, 124. 2.5G, 1922 ; P. R. do Lam- 
biUy, Qtrman Put, D.R.PP. 74275, 78573, 1893 ; Brit. Pat. Eo. 3735, 1893 ; M. Palart, Compt. 
Rend. Ing. Civ., B. 290, 1922; ('Aim. Ind., 9. 108, 1923; M. Lheuro, ib., 9. 109, 1023; Compt. 
Reni.Ing. Civ.. 8. 320, 1922; A. Zamliianrhi, (Horn. Chim. Ini. Appl, 5. 171, 1923; Chem. 
Trade Journ., 72. 031, 1923; (X H. Kunsmaii, Phye. Rev., (2), 27. 249, 1920; Journ. EranLlin 
Inst,, 203. 635,11927; ('. H. Jones, Chem. Mil Ewfij., 22. 1071, 1920; .1. S. Negru and 
8. D. Kirkpalriek. ib., 28. 498, 1923; H. Sehniidt. ib., 83. 165, 1920: Ttch. Blatt, 15. 24J. 1025; 
W. A. Dew and U. S. Ta\lur, J'ivm. Phy^. Chem., 81. 277, 1927 ; E. Eleud and W. Banhulzer, 
Zeit. ElcUrttclnm.. 32. 5.55, 1920: R. E. Burk, Proe. Eat. Arml., 18. 07, 1027; A. F. Benton, 
Journ, Ind. Eng. (%m., 19. 491, 1027 ; D. Berthelot and H. Gsudeehon, Compt, ItriA., 156. 
1243, 1913; H. Cueho and O Fiingeiit, ZlU. EUrlroehtm., 20. 275, 1914; J. A. Aluiquist and 
E. D. Critlenden, Joum. Ind, Eng. Chem., 18. 1307, 1920 ; J. A. Almqnist and C. A. Black, 
Journ. Amer. Chem. Hor., 46. 2814, 1020; A. Classen, Efjrv-cgian Pn/. No. 2KOOO, 1018, ILN, 
Pat. Nu, J256875, 1916; G. Ji*. Uhde, iSnt. Put. Eve. 247210, 253122, 1926; H. W. Bloekbum 
and W. Thomas, lb., 257089. 2.58154, 1025; L. H. Oreatbouse, V.S. Pat. Eo. ]618(j04, 1927: 
French Pat. Eo. 430472, 1912 ; A. C. G. Mitchell and R. G. Diekinson, Phyn, Rev., (2), 29. 
761, 1927 : Journ. Ajnrr. f'hem, Soc., 49. 1478, 1827 ; F. G. Keyes, tb., 49. 139.1, 1927; E. War- 
burg and W. Rump, Znf, Physik, 40. 557, 1826; A. Mirimanuff, CoiUribiUioji b Vilude experi^ 
mminlc de la formaiion de Vammoniague au moyen dee dichaiyes UieirupteH, Genbre, 1025; 
W. G. Shilling, Trans. Faraday Soc., 22. .177, 1920. 

* C. Hourdelain, Mim. Acad., 425, 1731 (1083) ; S. Clnez, Chem. News, 4. 265, 1801 ; Compt 
Rend., 62. 527, IKOL ; A. Muntz and H. Cnndun, tb., 116. 395, 1833 ; J. Keiset, ib., 15 162, 
1842 ; M. Barrb, ib., 83. 1176, 1670 ; P, Rognard, ib., 94. 200. 1877 ; G. Meissner, GoU. Nachr., 
204, 1863 ; K, Baur, Brr., 34. 2385, 1001 ; C. Decbarme, Lea Mondea, 5. 212, 1664; T. Fleit- 
mann, Liebig's Ann., 76. 127, 18.50 ; H. Will in J. vun Liobig, Zh'e Chemie in iArer Anwendung 
auj AgrikuUur, und Phy^^iologie, Braunschweig, 1. 300, 1802 ; H. Davy, Phil. Trana,, 97. 1, 1607 ; 
C. Horzng, Brandca* Arch., 8. 107, 1821 ; W. Austin, Ann. Chim. Phya., (1),2.2G0, 1769; PhU. 
Trana., 78, 379, 1788; A. G. Bccquerel, ib., (2), 62. 246, 1633; A. Ohevallior. ib., (2), 84. 109, 
}827; (f/wrt. Joum, Science, 1. 48], 1827 ; M. Faraday, ib., 19. 16, 1626; M. HaU, ib., 7. 66y 



172 


INORGANIC AND THEORETICAL CHEMISTRY 


]669p 1000 22. 1178, 1909 ; A. Frank and N. Caro. CAem. /nd, 8$. 440, 1910 ; G. Erlwain. 
Ztii. EkMroch&m., 18. 051, 1006; B. F. Halvoraen, U.S. Pat, No, ] 580008, 1026; L. M<taer 
and R. Herznor, JionatoA., 44. 110, 1920 ; Titan Co., Brit. Pat. No. 199713, 1923 ; Ij. Mourgoon, 
German Pat,, D.R,P. 374777, 1922 ; 0. P. Gnignard, V.8, Pat. No. 1411087, 1922 ; F. G. Lil- 
jenroth. Canadian Pat. No. 201570, 1923 ; V. Q«rber, Brit. Pat. No. 199607, 1922. 

' T, B. Fogarty, German Pat,, D.B,P. 44603, 1887 ; T. T. Maihieaon and J. Hawlioaek, tO., 
40087, 1887 ; F. Margneritte and M. de Sonrredal, Compt. Bend., 60. 1100, 1860 ; W. A. Neleon, 
U.8. Pat. No. 1480291, 1024. 

* J. Vonng, Bnt. Pat. No. 3652, 1682 s F. J. Bolton and J. A. Wanklyn, t&., 0173, 1860; 

J. G. Butterfiald and G. Wataon, ib , 10602, 1905 ; R. BrullA and A. Leclere, Chm, Zfg., 0. 68, 
1881; C. H. Bohneidcr, German Pat., D.R,P. 27671, 1883; W. F. Nut, ib., 40060, 1880; 

K. WedemeycT, ib., 87501, 1604 ; A. Myliua, ib.. 66465, 1891 ,- H. W. Seiffcri, ib., 71414, 1893 ; 
J Duncan, Oerman Pat., D.B.PP. 27148, 28430, 1883 ; J. B. Taylor and H. V. Walker, V.8. Pat. 
No. 003668, 1808; Norsk llydro-Blektriek KiracIatofaktieBclfikab, BriL Pat. No. 231134, 
1925. 

* L. Stembeii;, V.8. Pat. No. 466647, 1892; German Pai.,D.J?.P. 71408,1892; Zcit. angew. 
Chem., B. 652, 1693; L. Tralla, Monit. Boient., (4), 1. 1210, 1887 ; U. rroschwiiaky, German 
Pat., 1) R.P. 10957, 1880 ; Dintfler'a Joum., 239. 88, 1881 ; T. Richton, ib., 242. 428, 1881 ; 
Per., 14. 1221, 1881 ; J. Young, Brit. Pat. No. 9156, 1841. 

G. Lunge, CoaUar and Ammonia, London, 1916; H. Davy, PAi7. Trans., 09. 39, 1800 ; 
100. 16, 1610 ; L N. Vauquolm, Trammsdorff's Joum., (1), 7. 112, 1800 ; J. 8. F. rngeiiatecher, 
lb., (2), 3 470, 1819 ; F. Varrentrara end H. Will, IMifs Ann., 89. 204, 1841 ; K Schulzr, 
Zfit. anal. Chim , 6. 370, 1667 ; J. w. Gunning, ib., 28 188, 1889 ; K. UJNoh, GAem. Centr., (3), 
18. 264, 1887 ; P. KuliBoh, ib., 25. 149, 1886 ; S. Schmitz, ib , 25. 314, 579, 1886 ; J. KjHdakI, 
lb., 22. 366, 1683 ; K Boeohard, ib., 24. 119, 1885 ; 0. BuddB and C. V. Brhon, ib., 88 . 334, 1899 ; 
G. KtoubIot, Landw. Fer. Biat., 31, 248, 1890 ; L. Garnier, Journ. Pharm. Ohm., (5), 15. 
557, 1887 ; H. Vogtherr, PAczrm. Ztg., 45. 067, 1900; A. Atterberg, ('Aem. Zlg., 22. 605, 1907 ; 
G. Czeczetka, UonaUh., 6. 63, 1886; B. Proskauer and M. Zul^r, Ze\t, Uyg., 7. 186, 1889 ; 

L. Maquenne and £. Roux, Ann. Agron., 25. 76, 1890; C. Arnold, ArcA. Pharm., (3), 23. 177, 
1885 ; (3), 24. 786, 1885 ; H. Wilfarih, Chtm. CvUr., (3), 16. 17, 113, 1886 ; M. Borthclot, BuU. 
Soc. Chm,, (2), 9. 178, 1607; C. F. HoUunder, Aaefner'e Arch., 12. 402, 1827 ; J. Woodliouse, 
Ntdwhon'a Joum , 21. 300, 1808; J. Young, Bnt. Pat. No. 9l50, 1841. 

G. Vibrana, German Pat., D.B.P. 15613, 1881 ; £. Ernst, ib., 13871, ISBl ; R. Ledrrcr and 
W. Gintl, lb., 17874, 1882 ; Badiflohe Geselkchaft fur ZurkE'rfabrikaiion in Waghaiisd, »b., 
16702, 1881 s L. Stenib^, tb., 106038, 1899 ; E. Moyer, Bnt. Pat. No. 17347, 1687 ; W Buob, 
lb,, 7175, 1896 ; 0. Vincent, Chcm. News, 89. 107, 1870 ; H. Ost, Z?it, angew, Chem., 19. 609, 
1697 ; J. Lajbi, CJwm. Liaty, 14. 68. 1920. 

» J. McLeod, Jmm. Soc. Chm. Ind., 20. 137, 1907; A. Short, ib., 26. 681, 1907; 
F. W. Skirrow, lA., 27. 58. 1908 ; G T. Beilby, ib., 3. 210, 1884 ; W J. Cooper, Bnt. Pat. No. 
5713, 1882; W. Feld, tb., 3061, 1909; K. Burkheiser, ib., 20920. 2176:1, 1908; 17369, 1910; 
L. CttBale, lb., 231417, 233040. 1924 ; P. Brait, ib., 157745, 167746, 169193. 1922 ; E. L. Pease, 
tb., 121754. 1916; P. Kuntzo, ib.. 9052, 1891; C. Picper, tb , 28190, 1896; H. C. WolliTeck. 
ib., 16504, 1904 ; 28963. 289G4, 1906 ; W. Young and G. T. BrUby, tb.. 1687, 2164. 4284. 1881 ; 
1377, 5084, 1883 ; J. Meikle, tb.. 26173. 1894 ; L. Mond, tb., 8073. 1885 ; M. Mayer and H. Uempel, 
Joum. OoAbelFUc/U., 61. 381, 403. 425, 1006; S. E. Linder, Albalf Inspector's Report, Jjondon. 
15, 1900 ; H. Grouvon, German Pal., D.R.PP. 2709, 1878 ; 13718. 1881 ; 16051, 1882 ; J. nuderer, 
W. Loe, and C. Gurabart, ib., 53844, 1889 ; G. W. Ireland and U. S. Sugden, tb., 175401, 1903 , 
L Bcnrici, tb., 399900, 1923 ; W. Stegor, tb., 364589, 1925 ; Z. M. StinneB and A. Weinrlel, ib . 
375:100, 1922; W. Hememann, ib., 166380, 1906; U. Heiniger, tb., 166719, 167033, 108939, 
1904 ; T. von Bauer, tb., 106944, 1904 ; li li, Tatlock, Prxns. Glasgow Phil. Soc., 14. 262, 1683 ; 
A. Muntz and £. Lainb, Compt. Rend., 142. 1239, 1906; G, daude, tb., 176. 374, 1923 ; 162. 
877, 1026; Chem. Age, 0. 121, 1923; G. Winkler, GAem. Zty., 9. 091» 1884; H. Warth, GAem. 
News, 93. 259, 1900 ; M. Mayer and V. Altmaycr. Joum. Gasheleucht., BO. 25, 1007 ; A. Frank 
and N. Caro, Chem. Ind., 38. 445, 1915; R. A. Mott and H. J. IIodBman, Joum. Soc. Chm. 
Itid., 42. 4. T. 1023 ; K. P. MoElroy, V.S. Pat. No. 1466628, 1023 ; F. W. Stoero. GAem. Met. 
Engq., 20. 717, 1923 ; H. A. Cuitifl, tb., 29. 749, 1923 ; C. 11. S. Tupholme, tb., 32. 360, 1925. 

W. Wyld, Chm. Age, 4. 358. 1921 ; W. GieaveB, Gm Joum., 141. 398, 1018 ; H. Grune- 
hoig and E. Blum, German Pat., D.R.P. 33320. 1H85 ; C. Still, tb.. 302195. 1916 ; 423849, 1922 ; 
A. Feldmann, ib., 21708, 1883; BriL Pat. No. 3643, 1882; 11711, 1884; 16959, 1891 ; G. Wilton, 
lb., 24832, 1901 ; W. M. Soott, ib., 3987, 1000; 11082, 1901 ; P. Parrish and 0. W. Wright, 
ib., 217611, 1922; P. Parrish, The Design and Working of Ammonia SliUs, London, 1024; 
0. Pfeiffer. Oas BcleutlU , 43 89, 1900 ; J. Ballantyne, Joum. Qas-Ughting, 82. 869, 1003. 

E. Sobering. Arch. Pharm., (2), 146. 251, 1871 ; K. C. MoKelvy and C. S. Taylor, Gom- 
position. Purification, and Certain Constants of Ammonia, Wuhingion, 1923; Joum. Amer. 
Chem. Soc. Jit frig. Eng., 8. 80, 1917 ; 11. von Strom beck, Joum. FrankUn Inst,, 134. 58, 104, 
1802 ; A. Lange, Zeti. komp. fiOss. Case, 1. 148. 1697 ; A. Lange and W. HofFtcr, ('Aem. ind., 
21. 2, 1808 ; A. Lange and J. Hertz, ib., 10. 224, 1897 ; A. W. Browne and A. £. Houlehau, 
Jmm. Amer. Chem. Soc., 85. 651, 1913 ; H. W. Foote amd B. K. Brinkley, ib., 48. 1178, 1921 ; 
W. D. Richardaon, Joum. Ind. Eng. Chem., 2. 97, 1910; F. W. Frerichs, tb., 1. 362, 1909; 
K. Urban, GAem. Ztg., 21. 720, 1897 ; R. Luoion and D. de Paepe, BuU. Soc, Chim. Belg., 20, 



NITBOGEN 


ITS 


S47, 1906; R. Biinto and P. Bitnw, Jwm, OMefaucM., 10. 171, 1807 ; 0. LwbkinK md 
J. £. Stair, PM. Mag , (B), 86. 393, 1998 ; Amer. Jnm. Jieietitt, (3), 16. 300. 1983 ; J. J. Red< 
wottdfTiemUtettlandrractiealAnuiioniaPe/ngfnitw^Londoa, 1917; J. Boonnlt and B. Qroa 
Joun, Pham, Chim., (B), 86. 170, 1933. 

S 16. The Physical Propeitlea of Ammonia 

Ammonia is a colouilesa gaa with a pungent odour, and an alkaline taste. If 
inhaled suddenly, it will bring tears to the eyes ; il large quantities be inhaled, 
BuCocation may ensue. Ammonia can be condensed to a colourless, mobile 
liquid, and frozen to a white solid. H. E. Behnken ^ found that the crystals belong 
to the cubic system. II. Mark and E. Pohland said that the X-radiogram of 
ammonia between —77° and —160°, shows that the unit cube has 4 molecules of 
ammonia, and that the edge of the oube is 6-19 A. in length. J. de Sraedt obtained 
6-12 A. for the edge of unit cube. fi. Brill said that the lattice resembles that 
of lithium nitride, LigN. As a gas, it is a little more than half as heavy as air, 
and consequently, the gas is collected, like hydrogen, by the downward dispkee- 
jnput of air ; the suggestion has been made to use ammonia instead of hydrogen for 
mtlntiug airshijiB. The lifting power of hydrogen is 2*3 times as great as that of 
unimoiua, and it is but the cost ; ammonia has a greater corroding action on 
the balloon envelope. Against these very serious disadvantages, ammonia is less 
luUammable, and, as liquid ammonia, it is more portable. H. Davy gave 0*5901 
lor the vapour density of ammonia — air unity ; T. Thomson, 0*5931 ; J, B. Biot 
and F. J. Arago, 0-5967 ; and A. Leduc, 0-5971 i 0-0002. The litre-weight of the 
gas at n.p. 6, given by J. B. Biot and F. J. Arago, is 0-7752 grm. ; A. Leduc, 
and Laid liayleigh gave 0-7719 grm.; and 1\ A, Guye and A. Fintza, 
l)-770H gim.— K. Moles gave 0*7715 grm. for the best representative value. 
B. r. IVniian aud J. H. Davies said that a gram of ammonia at —20° occupies 
M9575 litres; at 0°, 1-2973 litres; at 50”, 1-5473 litri-a; and at 100°, 1-7964 
litres. They also found that at 380 mm. press., a litre of ammonia at 0” weighs 
0*3832 grm. The literalurc was reviewed by M. S. Blanchard and S, F. Pickering. 
The specific volume and specific gravity of sat. ammonia vapour an* indicated in 
Tabli's XIV and XV by C. S. Cragoe, E. C. McKelvy, and G. F. O'Connor. 


Tabli: XIV. — Specu-k- Voluub of Saturated Aubionia Vapour (c c. por gram). 
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ObHi'rvatioiis wore also reported by C. Ledoux, A. BeiLhoud, C. 11. Peabody, 
V Wood, G. A. Zeuner, IL Mollicr, C. Dielerici, G. Wobaa, H. J. Maclntire, J. Ilybl, 
C. E. Lucke, G. A. Goodenough and W. E. Mosher, 6. Holst, and F. G. Keyes and 
B. B. Brownlee. C. B. Cragoe aud co-workers represented the sp. vol. 
ul sat. ammonia vapour by o--300(6-46344/J— 0'106887H-0-0356B03lDgiQr) 
+0-0862366\/4(36"1— T-f 0-002667(406-1 -f), where v is expressed in c.c. per 
gram, and T in °K. The value at GO" is 48-81 ; at 70°, 37-78 ; at 80°, 29-34 ; at 
90”, 22*75 ; and at 100°, 17-52. The sx>. vol. of liquid ammonia was found by 
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Table XV.— Density of Satubated Amuonia Vafour (granui por litre). 
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M. Faraday to be ]*/l2 at 10°, and I'.'jert at 15-5° ; P. Jolly, 1-604 at 0° ; CJ. Lunge, 
1-626 at 20°; and A. Lange and .1. 1-47 at — 38^ K. Urban also made a 

incasurmcnt. E. d'AndrtVfi gave 1*510 at —10°; 1*555 at —5°; 1-57J at 0° ; 

1*588 at 5°; 1*605 at 10°; 1*623 at 15°; and 1*012 at 
20°. An extended series of observations were made by 
('. Dietorici andH. Drewes, A. Mittaseh and co-woikers, 
A. Bertlioud, F. 0. Keyes and R. B. Browidee, and 
G. A. Goodemmgli and W. E. Moslier. The results of 
A. Bertboud are summarized in Fig. 27- i»idr Fig. 
29. J. II. Shaxby deduced a theoretical expression for 
the density and mol. diameter of liquiil ammonia. The. 
le^ultb of C. S. Cragoe and D. R. Harper are shown in 
Table XVI; they found that M. Avenarius’ equation u-3*6B-j log (130- 0 ) gives 



Fiq. 27.- Density of Am- 
monia — Liquid and 
Vapour. 


Table XVI. — SeELiFic Volume of Liquid Ammonia imoEB Saturation rnicsHuaB 

(c.c. jior gram). 
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Mod nralis for tbs sp. toL bstwoon —60” and 50°, where e denotes ox. pet 
grun, and 0 in °C. ; and they represented their results by : 

4-2830+0‘813056 ^'13^^0-0 0082861 (1 33- 0) 

® 1+0-421805 v'133-0+ 6-015938(133-0) 

M. Faraday gave 0-71 at 10°, and 0*731 at 15-5° for liquid anunonia. F. JoUy 
gave 0*6234 at O’/O" ; and £. d’Andileff, 0-G502 at -10-7° ; u-6362 at 0° ; 0-6347 
at 1-1°; 0*6288 at 5-4° ; 0-6228 at 10*4° ; and 0-6134 at 16-5°; J. TinuDoimanB also 
measured the density of liquid ammonia ; and A. Lange, the sp. gr., D, of liquid 
arntnonia at diSoreut temp. ; the change of toI., 8v, per unit vul., v=l ; and the 
mean coeff. of ezpaiudon ; and his results are given in Table XVIT. Obncivations 

Taulu XVJI.— Spei'Ikic Gravity and I'hkumal Expansion ok Liquid Ammunia. 
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by r. S. Uragoo and D. R. Harper on the density of liquid anunonia arc indicated 
in Table XVIIL E. 0. McKolvy and C. S. Taylor gave 0*817 grm. per c.c. for 
the density of solid ammonia at —79® ; and 0*836 at —185®. C. II. Meyers and 
R. iS. Jessup studied the sp. vol. of the sat. vapour. 

XAum XVltl.— ^Sfecifio Gravity of HoLurioRs of Ammonia under Saturation 
Puessure (gttuiiB por r.c ), 
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Obeenalions on the sp. gt. of W 4 . unmonia were made b 7 J. Dalton, H. Davy, 
A. Ute, T. B. Bichter, and J. J. Oriffin, and the Eraolts for the more oono. aoln. show 
great doviationB. Tahlea nere compiled by L. Carins, H. Hager, K. J. Price and 
C. B. L. Hawldna, 0. Wachsmnth, H. Grilneberg, W. C. Ferguaon, and J. H. Smith. 
6 . G. and I. N. Longincacn, E. L. Nichols and A. W. Wheeler, G. T. Gerlach 
and H. Grimeberg, £. Band and L. Gay, and B. S. Neahansen and W. A, Fatriclr 
also cnlculaied values for the sp. gr. The results of 6 . Lunge and J. Wiemik at 
16°/4° ate bdicated in Table XIX. Tables for aq. soln. with 20 ‘ 7 , 29‘9, 40'7Q, 
42'76, 49'0, and 60'83 per cent. NHg at 18 temp, in the interval from 0 ” to were 
calcubted by A. Mitlasch and co-workers. The following is a selection from 
these results : 


NH| 207 per cent. . 

0'3’ 

0‘929t 

10-7- 

O'9240 

20-45* 

0-9198 

30-1* 

0-9148 

40 0“ 
0-9089 

6005" 

O-9026 

eo-2" 

0-8904 

NHa 2S’9 por oeni. . 

0 3” 
0-9039 

irs' 

0-B982 

20-5* 

0-8921 

30-18" 

0*8860 

30 8" 

0-87D0 

40-0" 

0-8710 

60 0" 
0-8030 

NHa 40 7G percent. . 

(1 TiO*' 
0’b734 

11* 

0-8730 

11-0" 

0-8054 

20 55* 
0-8576 

24-3" 

0*8656 

30 00" 
0-8499 

30 50" 

0 8417 

NHa per cent. . 

0-8436‘* 

71- 

0-8380" 

10-630P 

0-6350 






Table XIX. — Specifiu Gravity and Concentration oy Aqueous Solutions of 

Amhonu. 


Bp. gr. 

KH, 

Bp gr. 

NH| 


Nir, 





Sp. gr. 



Per cent. 

Grams 

PL-r litre. 

Per cent. 

Grams 
per Utrp. 

Per cent. 

Grains 
per JiliB. 

1-000 

0-00 

0-0 

0-900 

0-91 

95*1 

0-920 

21-75 

200-1 

U-898 

0-45 

4-5 

0-958 

10-47 

100-3 


22'39 

mijiun 

0-990 

0-91 

0-1 

0-966 

11-03 

105-4 

0*916 



0-994 

1-37 

13-G 

0-064 

11-60 


0-914 

23-08 

216-3 

0-092 

1-84 

18-2 

0-952 

12-17 

116-0 

0-912 

24-33 

221-9 

0-990 

2-31 

22-9 

0-950 

12-74 

121-0 

0-910 

24-99 

227-4 

U-988 

2-80 

27-7 

0-948 

13-31 

120 2 

0-908 

26-06 

232-0 

0-986 

3-30 

32-6 

0-946 

13-88 

131-3 

0-906 

26-31 

238-3 

0-984 

3-80 

37-4 

0-944 

14-46 

136-6 

0-004 

26-98 

243-9 

0-982 

4-30 

42-2 

0-942 

16-04 

141-7 

0-902 

27-06 

240 -4 

0-980 

4-8U 

47-0 

0-940 

15-63 

146-9 

0-900 

28-33 

266-0 

0-978 

6-30 

51-8 

0-938 

16-22 

152-1 

0-898 

29-01 

200-6 

p-976 

5-80 

56-0 

0-936 

16-82 

157-4 

0-896 

29-69 

2G6-U 

0-974 

0-30 

01-4 

0-934 

17-42 

162-7 

0-894 

30-37 

271-5 

0-972 

0-80 

66-1 

0 032 

18-03 

168-1 

0-892 

31-05 

277-0 

0-970 

7-31 

70-9 

0-930 

18-64 

173-4 

0-890 

31-76 

282-6 

0-968 

7-82 

76-7 

0-928 

19-26 

178-6 

0-888 

32-60 

28H-6 

0<J66 

8-33 

80-5 

0-926 

19-87 

184-2 

0-880 

33-26 

294-0 

U-904 

8 <84 

85-2 

0-D24 

20-49 

189-3 

0-884 

34-10 

301-4 

0-962 

9-35 

89-9 

0-922 

21-12 

194-7 

0-882 

34-06 

308-3 


S. M. Ddepme measured the sp. gr. of soln. of ammonia in aq. solo, of otliyl 
alcohol. I. Traube found the molecular co-Yolume of ammonia in aq. soln. 
is nearly 241. W. Hers, U. Lorenz and W. Herz, S. Mokruschin, E. liabiiio- 
witscli, and E. Moles studied the mol. vol. A. 0. Rankine estimated the 
mean oollision area of ammonia molecules to be 0-640 x10~^b cm.; and 
K. B. Edwards and B. Worswick, 0-633x10^^^ sq. cm. E. Mack estimated the 
average radius of the ammonia mclecule to be l'43xl0~8 cm. ; and the average 
sectional areai 6-40x10^^^ cm. H, G. Clriinm gave 0-94xl0~^ cm. for the radius. 
R. Gfaus discussed the structure of the molecules of the gas. 0. A. Hagemann studied 
wliat he called the contraction energy of the admixture of a mol of ammunia 
with 50 mnis of water ; but, according to R. Broom, the dilution of cone. soln. ol 
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aninioiiia with watoi ia attendod by an expandon, and not a oontraction. 
J, N. Rakahit calculated the contraction on diluting aq^. Boln. oi ammonia. 

H. van Manun ^ found that the vol. of ammonia hii not deerease with presa. 
in accordance with the requiremenfcs of Boyle’s law. 7. Both found that if the vol. 
V is unity for O'* and one atm. press., thus, at 30*2”, p=10, v^O-085 ; at 16-6”, 
for p=10, 12'6, and 1-6 atm., t;=0-09D, 0-072, and 0-069, respeotively ; at 62-8”, 
p=16, 0=0-040 ; and 


AQ i P - 12-6 16 20 26 ao 40 60 eo 

\ V . 0-076 0 063 0 046 0-036 0-026 0 021 0-016 0-010 

i p . 20 30 40 50 60 70 90 100 

1 e . 0*049 0*032 0-023 O-OIB 0*014 0*012 0010 0*009 


For the relation pv/p'v', II. V. Begnanlt gave 1-01881 when p=703-63, and p' 
=1436-33 ; K. F. Forman and J. H. Davios, 1-0058 for p=0*6 atm., andp'=l atm. ; 
and Lord Rayleigh, 1-00632 for p between 0*6 and 1 atm. A. Lange found the 
GOmpressibili^ of liquid ammonia at 13”-16*2'" and 17*5 atm. to be 0*000128 ; at 
36*y*^7-3” and 16 atm., 0-000178; and at 65”-66” and 12*6 atm., 0 000304. 
A Jaquerod and 0. Scheuer gave for the constant a in 
0 01527 when for oxygen 0*00097. F. W. Bridgman found for the press., 
p, in kgnns, ju*r sq. cm, ; and the change in vol., in c.c. per gram of ainuiuuia 
at 30” ; 

p . . 1000 2000 3000 4000 6000 8000 10.000 12,000 

8v . , -0*827 -0*217 0*000 0*120 0-2G1 0*348 U-4U0 0*461 

There wore disturbances due to the liquefaction of the gas. F. isambert found 
that th(* coed, of compressibility of aq. soln. of ammonia is less than that of 
waliT oliine ; and the more cone, tho soln., the smaller the compressibility. For 
a litre of liquid at 21-5” containing 330 litres of dissolved gas, the coeC. was 
0*0(XX)376, and at 204” with 140 litres of dissolved gas, 0-0000387. Observations 
WMTP also made by G M. Maverick, and K. L. Nichols and A. W. Wheeler, 
0. Muass and D. M. Morrison studied the ciTeet of molecular attraction on the 
tnlal press, of aniinouia; and E. Lurie and L. J. Gillespie, the equilibrium preas. 
of mixtures of ammonia and nitrogen. F. Schuster calculated 4512 atm. for 
tlif* internal pressure of the liquid ; and J. H. Ilildebrand, 3900 atm. 

IT. B. Dixon and G. Greenwood found the velocity ol sound in ammonia gas at 
16*5”, 41°, and 86° to be respectively 423*4. 440*8, and 470-2 metres per sec. 
A. Wiillner gave 415 metres per see. at 0” ; A. Masson, 416 ; and G. Schwerkert, 
41 4. N. de Eolossowsky studied the relation between the velocity of sound and tho 
velocity of translation of the molecuh^s. E. Dorsing gave 1GG3 metres per sec. for 
the velocity of sound in cone. aq. ammonia at 16”. J. Miillor found that diflusion 
of ammonia through water iuerrased with rise of temp, and is almost inversely as 
tlie absorption coeff. A. Fujita studied tho difiusion of ammonia in various soln. ; 
H. A. Daynes, in rubber, and J. Sameshima and K. Fukaya, the atmolysis uf tho 
gas. Y. Terada measured the rate of dialysis. 0. £. Meyer and F. Springmuhl 
found the cocil. of viscosity of ammonia gas to be 0*000108 ; or 0-51 L when that of 
oxygen is unity. A. 0. Rankino and C. J. Smith gave n=0-049l3 at 0” and O-O3I303 
at lUO”, when Sutherland’s constant C=370; T. Grauam gave O-O4957 at 0”, and 
0-03l080at20”; and H. Vogel, O-O4957 at 0”, and O-O^GBO at -77-1”. RS-Edwords 
and B. Worswick gave 370 for Sutherland’s constant. E. Thomsen measured tho 
viscDsity of binary mixtures of ammonia with hydrogen and ethylene, A. Eanitz 
found that the viscosity at 25” of soln. containing a gram-eq. of ammonia, NHh, 
in half a litre of water ia 1*0490 (water unity) ; in a litre, 1*0245 ; in 2 litres, 1*0105 ; 
in 4 litres, 1*0058 ; and in 8 litres, 1*0030. A. Berthoud found the surface tension 
of liquid ammonia to be 23*38” dynes per cm. at 11-10” ; 18*05”, at 34*05” ; and 12*95, 
at 58*96”. The corresponding values for the mol. surface energy, a(ilfv)l, are 213-5, 
172*25, and 127-7 ergs respectively, showing that the coefi. of association between 
11” and 69” is 1-27. L. L. Grunmach gave 9=41*78 dynes per cm. at —29”, and for 
VOL. vm. xr 
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the Bpedflo oohe5ion» a^=l-270 sq. mm. Observations on aq, soln. were made by 
U. Stocker. According to J. Doinkc, the BUiiace tension^ tr dynes per cm.| and the 
Bp. cohesioDi a- sq. mm., of aq. soln. of ammonia at 18° are : 

NH 4 OH • . 0 6 10 15 20 26 per cent. 

IT . . . 73-0 66'6 63-5 61>3 59-3 87-7 

B> . . . 14-89 13-85 13-51 13-26 13-07 12-93 

F. A. Guye and L. Friedrich calculated the constanls in the equation oI state : 
(p+oir2)(u-6)^Jfr, to be a==0-0081(M) 00830, and 6-(M)0IC2-0-00165 in terms 
of the initial voL, or O”0-0 b 401-0*05411, and 5=36'7 per mol, or o=138-6-141-7, 
and b=-2‘ll-2'16 per gram. 0. Knoblauch and co-workers proposed an 
equation of state with three constants ; F. G. Keyes suggested p— 4'877T(v— 6)“i 
— 34610 -l(t;H- where logjo S ■- 0*98130— 3*08/v. This equation was found by 

P. Mf, Bridgman to be fundamentally incompetent to represent his observaiiDns at 
high press. The equations of state of ammonia vapour have been studied by 
G. Wobsa, and M. F. Carroll. The form and structure of the ammonia molecule 
was discussed by F. Hund, G. Hettiier, and P, W. Bridgman. 

According to E. P. Perman and J. H. Davies, a gram of ammonia at —20° 
occupies 1-19575 litres ; at 0°, 1-2973 litres ; at 50°, 1*5473 litres ; and at 100°, 
1*7964 litres. Hence, the coefi. of thermal expansion at constant press, between 
0“ and -20° is 0*003914; 0° and 50°, 0 003854 ; and between 0° and 100°, 0*003847. 
The press, coefi. of ammonia at constant vol. between 0° and —20° was found by 
E. P. Perman and J. H. Davies to be 0*004003 ; and between 0° and 98°, 0-003802. 
A. Lange found the mean coefi. of expansion for liquid ammonia represented in 
Table XVII ; and E. C. McKelvy and C. 8. Taylor, 0*00007 for tbe mean coefi, 
of expansion of the solid at —185°. W. Heiz di'^cussed the relation between the 
internal press, and the thermal expansion. A. Winkelmann 3 found the thermal 
condnetivity of ammonia gas at 100° to be 0*0000709 cal. per cm. per second per 
degree, and at 0°, 0*0000458 ; and A. Eiicken gave 0*00005135 at 0° (air=0*0000566 
at 0°) ; 0-00004410 at -36*1° ; and 0*00003820 at -57*6°. C. 11. Leea found the 
conductivity of a 25 per cent. soln. at 18° to be 0*00109. The Joule-Thomson effect 
has been measured by G. Wobsa, who fouud that the decrease in the value of the 
constant with increasing press, at constant temp, indicates that the compressed 
vapour is in the ideal state. The results were discussed by G. A. Goodenough and 
W. E. Mosher, and the anomalous result by 6. Wobsa is attributed to llie presence 
of 0'5-0-7 per cent, of water in the ammonia employed in the work. Thu specific 
heat of ammonia gas at constant press, referred to an equal weiglit of water was 
found by H. V. Regnault ^ to be Cp=0'512 between 24° and 216° ; F. Haber gave 
0-605 at 309° ; 0*65 at 422° ; and 0-69 at 523'' ; and W. Nernst, 0*65 at 365° to 
680°. E. Wiedemann gave Cp at 0°, 0*5009 ; at 100°, 0*5317 ; and at 200°, 0*5629. 
For the molecnlor heat at 20 F. Kcutel gave (7p~8*5G, and Cp— 6-50 ; K. Hcholer, 
at 20°, Cp— 8*86, and Cc=G*80; 6. Bchwdkert, at 0°, Cp-8*85, and C*— 6*77 ; 
J. R. Partington and H. J. Cant, at 14-5°, Cp=8*77, and Cp-6*70; F. Voller, 
Cp=6'6 ; H. B. Dixon and G. Greenwood gave ; 

41" 63 5- so* 

Cp/Cp . . . 1*3144 1*3095 1*3002 1-3021 

. . . 20-002 2-045 2-034 2-025 

Cp . . . 0-56 6-01 6-04 6-70 

anti W. Nernst gave Cp=-B*62-|“0*002r+0*0|i72r^®, for p=l aim.; and Cp— 0*35116 
4-0*0001055TH-0‘07657^2. S. W. Saunders added that the published values for the 
mol. ht. of ammonia gas are not very concordant, particularly at high temp,, 
Cp=6-65 at 15° ; 5*55 at —4*4° ; and 16*5 at —80°, where the high value is supposed 
to be due to polymerization. F. Haber gave from ordinary temp, up to 1000° K., 
fL^ 8 * 04 + 0 ' 00 ()^T+ 0 * 0000017 T 2 . W. Nernst’s values are rather lower, and 
ll. Budde’s results at high temp, arc 16 per cent, lower than those of F. Haber, 
A. Wtilluer gave for the sp. ht. at constant vol., 0*38026 at 0°, and 0*41636 at 100° 
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The ratio of the two ep. hts. was 1-3172 at 0° and 1-2770 at 100^ ; G. Schweikart 
gave 1 '30 at 20° ; A. Masson, 1*315 at 0°; A. Cazin, 1-324 at room temp. ; F.Keutel, 
1-317 ; P. A. Miillor, 1-26 at 21^ to 40'’; J. R. Partington and H. J. Cant, 1*303 
at 14'6‘’; and K. I^holei found 1*30 at 0*6 atm. press, and 1*41 at 3*5 atm. 
press. W. G. Shilling gave : 


3*K. . 

0* 

100“ 

200“ 

400“ 

600*» 

BOO** 

1000° 

t-p . 

8-69 

8-75 

9-65 

10-72 

11-02 

13-22 

14-63 

C, . 

oeo 

060 

7-64 

8-73 

0-93 

11-23 

12 66 

y 

1‘31S 

1-318 

1-262 

1-228 

1-200 

1177 

1-157 


Healflogave(7,-0Cr)0+0*n04C5fl+0*0il35d2,oiC|,=5*4B2+0-0039ir+0*0sl357’*; 
iiud 6'p=.8C86-t0*00452» j-O'0, 14492, or C,=7'561+0*00373r+0 05 l 44 r 2 . 
F. A. Giacomini gave (7«=-5*r)5 cals, for ammonia at —44°. N. S. Osbomo 
and co-workers measured the sp. ht. of superheated ammonia vapour between 
- 15° and 150”, and between 0*5 and 20 atm. press. The results can be rrpre- 
sciiled by the empirical equation Cp=l*1255-|-0'00238r+76-8r“i+5-45pl08r“^ 
-\ y(G-5-l 3-8/>)102'?r“'^2_j.2*37^6i042f-2o^ where Cp is expressed in joules per 
gram at T; p in metres of mercury at 0” and standard gravity; and T iu 
Iho temp, nil Ihe absolute scale. C. S. Cragoe determined the sp. hi. of the sat. 
li(|iii(l, and of the sat. vapour. Observations on the sp. ht. of liquid ammonia were 
made by If. von Strom beck, L. A. EUeau and W. D. Ennis, C. Liideking 
and J. E. Sliirr, F. K. Keyes and II. A. Babcock, C, Dieterici and 11. Dicwcs, 
A. J. Wood, and F. G. Keyes and R. B. Brownlee. The sp. ht. of liquid auimoniu 
imcler sal oral ion conditions was represented by N. S. Osbumc and M. S. van Dusen, 
by f 0-7 198- 0-0001369+4-0263(133-9)1 cals, between -43” and 45”. The 
()l)8eryud results are indicated in Table XX. H. A. Babcock gave 1-168 at 30” ; 
M!22 at 50° ; 1-297 at 70° ; 1*431 at 90” ; and 1-538 at 100°, J. Dewar gave for 
the bp. ht. of bolul ammonia 0-5, and for the mol. ht., 6-5. E. Donath gave 8-25 at 
- 91-3°. M. S. Wrewsky and A. 1. KaigoiodofE studied the thermal capacity of 
uq. solii. of ammonia at diilerciit temp. ; E. F. Mueller and C. H. Meyers, the 
entropy ; and C. S. ( rugue, tlic Joule-Thomson effect 

In 1799, M. van Maium ^ tried the effect of press, on ammonia, and found that 
dju])s of iKpiKl ammonia were produced at 3 atm. press. A. F. de Fourcroy and 
L N. Vauquelin subjected ammonia to a low temp., and claimed to have liquehrd 
tile gas at —40’. L. B. Guyton dc Morveau also cooled the gas to —13-25° and 

XX Pi'Ll me Uf\t or Liquid Amhonia unijur Satuimiion CoM^niuxs 
((’alours at 20" per gram poi "C.). 


0 f 

u 

J 


r 

4“ 

.■i" 

0" 

7" 

S'- 

r 

-ID 

1 Dl>2 

1 oni 

1 060 

i-im 

I-O.'iK 

1-088 

1-057 

1-066 

1 O.').') 

1 -055 

- 

1-070 

1-111.0 

1 068 

I -007 

i 066 

1-065 

1-064 

1-064 

l-0li3 

l-OfiJ 


1-07S 

14)77 

14)76 

1-075 

1-U71 

1-074 

1-073 

1-072 

1-071 

1-070 

- nr 

l-OhS 

1 ()S7 

1 086 

1-085 

1 -084 

1-083 

1-U82 

1 081 

1 USD 

1079 

- (r 

1 009 

1 im 

1-007 

1-006 

1-004 

1-093 

1-092 

1-091 

i-()90 

1 OSO 

4 0" 

1 000 

MOD 

MOl 

1-103 

1-101 

1-105 

1-106 

MOB 

1-109 

1-110 

1 1(1" 

M12 

]-m 

1-114 

M16 

1-117 

1-118 

1-120 

1-122 

1-123 

1-126 

H 2(1" 

]-12l) 

M2S 

M29 

i-i:n 

1-1.72 

M34 

1-136 

1-137 

1-J39 

1-lli 

H :{() 

1 112 

M46 

1116 

1-148 

1-1. lO 

1-162 

l-Kit 

1-1.56 

1-158 

1-JdD 

4 4(r 

M62 

M6t 

M66 

1-169 

M71 

M73 

1-176 

1-178 

1-181 

1-183 


obtained liquid ammonia. In all these cases, it is doubtful if the gas was di 'cd sulii- 
eicntly to justify the inference that the drops of liquid formed on the surface of the 
containing vessels were really those of liquid ammonia. M. Faraday heated silver 
amminochloride in one leg of a sealed A-tube, and cooled the other leg by immersion 
ui a freezing mixture. He thus obtained colourless, transparent, liquid ammonia ; 
and, m IH45, by means of a mixture of solid caiimn dioxide and ether, he also 
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obtained ammonia as a white, tranfilucent, crystalline solid. The gas was also 
liquefied by A. Bussy. Various apparatus for the liquefaction wore dosciibed by 
M. Faraday, R. Bunsen, L. B. Guyton de Morveau, A. Loir and C. Drion, C. G. Mliller, 
F. P. E. Carre, C. Tcllier and co-workers, S. Kern, A. Stock, etc. When ammonia 
gas is liquefied, heat is liberated ; and conversely, heat is absorbed when the liquid 
is vaporized. If liquid ammonia be evaporated, a relatively large amount of heat 
is absorbed from its surroundings. Advantage is taken of this fact in the prepara- 
tion of artificial ice, cold storage, etc. F. F. E. Carre's appareU propre d produire du 

froid is a time-honoured ap- 
plication of the principle. A 
refrigerating plant is illustrated 
diagrammatically in Fig. 28. 
Ammonia gas is liquefied by 
compression in the condensing 
coils by means of a pump ; the 
heat generated as the gas 
liquefies is conducted away by 
the cold watei flowing over 
the candenisivg voih, Fig. 28. 
The liquid ammonia runs into 
coils of pipes — expansion coils 
— dipping in brine. The press, 
is removed from the liquid am- 
monia in the expansion coils. 



Fio. 28. — ^Refrigeration riant (Diagrammatic). 


and the heat absorbed by the rapidly evaporating liquid cools the brine below zero. 
The gas from the evaporating liquid is pumped back into the condensing coils ; and 
so the process is continuous. Cans of water placed in the brine are frozen into cakes. 
In cold storage rooms, the cold brine circulates in coils near the ceiling of the roi>m 
to be cooled, and returns to the cooling-tank. Just as the steam engine or heat 
engine is an apparatus which can do work by means of the heat which is supplied 
to it at a high temp, and withdrawn at a low temp., the freezing macliiiie can be 
regarded as a heat engine working backwards, for, by means of work, heat is with- 
drawn from a cold to a hotter body. In the evaporation coils of Carre’s machine, 
the ammonia is heated and the coils are cooled ; the gas evolved is condensed in 
the condensing coils. There is here a fall of temp. Absorption takes place at a high 
temp., and einission at a lower temp. The properties of ammunia relating to 
refrigerating systems were discussed by W. II. Motz, S. A. Woulner, ete. 

According to II. Debray, between 1860-70, II. V. Kegnauli measured the 
physical constants of liquid ammonia, but the results were lost during the 1870 
Franco-Prussian war. H. Debray waxes indignant : 

La main bruit ale d'un soldat ennemi avait detnut, dans son laboratoire df) 8&vros, los 
nonibreux et pr6(‘ieux insinmibiitB de mdflure (jui lui avaient coute taut de labeurs ot sans 
lequeL) toute roiliDrcho hii devpnuit impoBsiblo 


Observations on the vapour pressure, p mm., of liquid ammonia were made 
by M. Faraday, R. Bunsen, A. BlUmcke, G. A. Goodenough and W. E. Mosher, 
H. D, Gibbs, 0. Holst, R. Pictol, A. Stock and co-workers, B. Leinweber, 
and E. P. Perman and J. H. Davies. H. V. Regnault representod his 
results by the formula log p=ll'504330 — 7'4503520a® ‘•‘2^- 0*9449G74j3^+22^ where 
log o=9-9996014-10, and log j9^9'0030729-10. 0. Brill found for the vap. 
press., p mm., of liquid ammonia : 

-70 4* -00 8* -51)7" -80 8® -83 0“ 

p . 38 0 74-9 212-2 309-3 608*2 701 0 mm. 

and measuiemcntB by F. G. Keyes and R. B. Brownlee gave : 

-33 32“ 0“ 26® 50" 76“ 100“ 12j" 182 0" 

p . 700-8 3256-6 7574 16292 27867 46934 74798 (86.361 -8) mm. 

and they represented the vap. press, between the f.p., —77°, and the critical temp., 
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]32•9^b7the equation logio ?=-196-65r-i+16'19768-0-M2385BT+0-0«641317s 
—0*07327167^ mm. 0. A. fiuneU and I. W. BobertBon represented the results by 
logp=-1951*77“l+-l*7Blogr-0*0165J+10-606; and logioP= -1371 *867-1 
+8*64; F. A. Henglein, logp=7*6030— 2013*17 -i*i®b® ( p in mm.); F. Henning 
and co*workers, logp—— 1393607^1+1*76 log 7— 0*00570347+6*89654 ; and 
A. Euoken and B. Karwat, log p=— 1790*002^1— 1*81630 log 7+14*97593, for 
solid ammonia. R. Lorenz stumed some relations of the vap. press, to other 
physical properties. F. Friedrichs made some observationB on this subject. 
G. S. Cragoo and co-workers represented their results by log^Q ^=12*466400 
-1648*606B7-i-0*016386467+0*0424032677»-0*07ll6870878; and their data, 

Table XXI. — VAPona Pbesbubb of Ammonia, 


rc 

O’ 

1* 

2* 

3“ 

4‘ 

B* 

6“ 

7“ 


0* 


Hi 



_ 




_ 

_ 


70 

0 1078 

EBEQ] 


TOimi 


EEQl 

Esrns 

IL J 

EESl 

0-0537 


0-2161 

0*2022 

0-1801 

0-1767 

0-1051 

0*1541 

01437 

K !] 

0-1246 

0*1159 

-60 

0*4034 


0-3578 


0-3167 

0-2977 

0-2796 

Bf Eft 

0-2401 

0-2307 

-40 

0-7083 


0-6367 

r 

0-5693 


0-5087 

0*4806 


0-4279 

- 30 

1*1799 

■DfSii 

■DME 

IBlH' , 

0-9676 


eeeeb 



0-7471 

20 

1*8774 

1*7956 

1-7166 

BVO i 

1-5671 

1*4963 

1*4281 


1*2992 

1*2384 

- 10 

2-8703 

2*7666 

KJimj 



2*3322 


2-1408 

2-0490 

1*9621 

EBj 

4-2360 

4-0818 

3-9303 

3*7832 



3-3677 

3-2376 

3-1112 

2*9888 

BHJ 

4-2380 

4-3985 

4*6640 

4-7340 

4- 0090 


6-2760 

6*4666 

wmE 

6-8620 

10 

6*0b85 


6-40B5 

6-7226 

8-9620 

7-1876 

mm 

7-0'l70 

7-9310 

8*1916 

20 

8-4&N8 

8*7320 



9-5040 

9*8955 

[EESS 


10-8430 

11-1736 

30 

11-612 

11-858 

12-212 

12-674 

12*043 

13*321 

13-708 

14*103 

14-507 

14-919 

40 

02^ 


16-209 

16-666 


17*580 

ILUMl 

18-542 

10-038 

19-543 

60 


phmim 

21*121 

21-067 

22-224 


23*372 

23-962 

24*562 

26-174 

60 

26*797 

26*432 

27*079 

27*737 

28-407 

3S1 

29-784 

30-491 

31*211 


70 

32-687 

— 










expressed in atm. (1 atni.=760 mm. of mercury), are given in Table XXL C. An- 
toine represented the vap. press, p at 9® by log p=l*4565{5*4159— 1000(9+213)}. 
V. Kirejefi discussed what he called the cohesive press, of ammonia. A. Nau- 
mnnn and A. Rucker observed no proportionality between the vap. press of 
aq. soln., and the rone., for the partial press, decreases more rapidly than 
corresponds with the decrease in cone. E. F. Forman represented the relation 
between the partial press, of the two components — ^for ammonia, p, and for water, 
p— and the cunc., represents the fractional number of mols. of ammonia in the 
liquid mixture— by dpldp^pi(l—x)lpx ] and this was found to co-relatu the 
measurements fairly wdl. The relation between the partial press, of the water 
vapour and the temp., 9, was found to be log p=r942+0*021 969— 0*000057698 
for 20 per cent, soln., and log p=.2*051 +0*01999 for 22*5 per cent, soln. A selection 
iiom the data shows : 


0* 

IB B” 


40* 

(10* 

NH, 9-16 10*62 

1016 

10*14 

llOQ 

i 2086 

3-86 ll-Sinerc 

Pi . 2*48 82*5 

80B 

216-6 

218*6 

676-1 136-9 476 8 

p . 5*3 30 

161 

12*3 

491 

37-8 144-1 130 4 

A. Mittasch and co-workers measured the vap. press, of aq. soln. of ammonia, i 

found for p^H, uim. : 







0-8* 

io*r 

20*45" 

80-1* 40-0* 

50 45" 60 2* 

MHa 20*70 per oont. 

101 

172*6 

272-6 

389 614 

918 6 1286-6 


OB* 

11*8" 

21-3" 

Bn 25* 89-6* 

4B 3* 6B-3* 

NHi 20'9Q per cent. 

216 

364 

677 

815 1172 

1620 2206 


0-6* 

SB" 

iro" 

21-65* BO SB* 


NHb 40*75 par oent. 

626*6 

684 

823 

1105 1701 



0 0" 

7-r 

ID-SB" 



NH| 60-83 per cent. 

1001 

1330 

1668 
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For H. IfoUier’B resultB, vUe infra, on the solubility of ammonia. The influence 
of the presence of neutral salts on the Tap. press, was investigated by W. Gaus, 

E. F. Peiman, D. F. Eonowaloff, and H. Riescideld. The rate of escape of ammonia 
from aq. soln. when air is aspirated at a uniform rate through the liquid was 
represented by E. F. Ferman by log q=a+ht, where q represents the amount of 
ammonia in the soln. at the time t ; and a and 6 are constants— vtds infra, 
D. F. Konowalofi also made observations on this subject. A. Stock and E. Fohland, 
and H. Reiblen and E. T. Nestle used liquid ammonia in tbe tonsimelric determina- 
tion of mol. wts. For the vap. press, of aq. soln. of ammonia, vide infra. 
A. T. Larson and C. A. Black found that the cone, of ammonia by vol. in a com- 
pressed mixture of hydrogen and nitrogen over liquid ammonia increases with 
increasing temp, from —22*5° to 10°, and decreasing press, from 1000 to 50 atm. 
There is a definite equilibrium, and the values for ammonia arc grcaler than those 
calculated from the vap. press, of liquid ammonia. 

R. Bunsen calculated the boiling point of liquid ammonia to be —33*7° at 
740*3 mm. press. ; M. Faraday gave about —40° at 760 mm. ; F. W. Bergstrom, 
—33*41° ; A. Loir and C. Drion, —35*7° at 760 mm, ; II. V. Reguault, -38*5° 
at 752 mm. ; R. Pictet, - 33° ; R. do Forcrand. —32-5° ; M. W. Travers, —38*5° ; 
A. Joannis, -38*2° at 764 mm. press. ; E. P. Pennon and J, 11, Davies, -33*1° 
at 760 mm. ; and F. G. Keyes and R. B. Brownlee, -33*20° + 0*05° at 700 nun. 
II. D. Gibhs gave for the b.p. of liquid ammonia at different press., p, and - 33*46° 

r . 201) 421 537 712 867 lUDK im 1726 2146 2017 nun. 

ll.p. . -&U“ -40® -40" -35" -30" -26" -20" 16" -10" -5" 

fur the b.p. at 760 mm. N. de Kolossowsky gave 0*31-0*39 for Ihc ebulliscopic 
constant E.C. Franklin and C. A. Krans found that the molecular rise of the 
boiling point of liquid ammonia is k=-0*02T^IX between 3*36 aud 3*44 - a result 
which is smaller than that with any other known solvent ; and L. D. Elliott gave 
9*7 for the molecular lowering ol the beezing point with soln. having 0*006-0 04 
mol per 100 gnns. of ammonia. L. Schmid and B. Becker gave 13*18 for the f.p. 
con&l ant. II. Reiblen and E. T. Nestle made observatinus on this subject T. J. ebb 
measured the f.p. of soln. of potassium iodide, and sodium nitrate in liquid niinnonia 
and found evidence of a little ionization. For the melting point, M. Faraday 
gave —75° ; A. liaHcnburg and C, Kriigel, -77-05° ; A, Enckfii and E. Karwat, 
-77*5°; L. D. Elliott, -77*73° ±0*03° ; F. G. Keyes and co-workers, —77*80: 
and 0. Brill, and E. C. McKelvy and C. S. Taylor, -77*7°. E. C. MeKolvy and 
C. iS. Taylor gave for the triple point constants fl - -77*70°, 44*9 nim., anil iq- 1 *363 
rc. per gram; and c,— 1*224 c.c. per gram; and vap. prnhs., p 45*2 mm. 

F. AV. Bergstrom gave 0=^77-9 and 45*5 mm. J. Timmermans also moasuji^d the 
f.p. of liquid ammonia. The change of temp, of freezing per atm. change of jiiess., 
given by E. C. McKelvy and C. S. Taylor, is dT— y^)ip//.r, where L, the latent 
heat of fusion, is 108 cals, per gram, or 0*006° per atm. The small decrease instead 
of increase in the temp, of the f .p. is possibly due to the presence of a trace of moisture 
in the gas. The latent heat ol vaporization given by H. von Stromberk was 296-5 
cals, per gram ; E. C. Franklin and 0. A. Eraus gave 330 eals. ; If. V. Regnault, 
294-5 rals. at 12°; D. S. Jacobus, 290 cals, at 12°; G. Ilolsl, 29G cals, at 12° ; 
T. Estrcicher and A. A. Schnerr, 321*27 cals, at —33*4° ; I). L. Hanimick, 323 cals. ; 
and 0. Bull, 321 cals, per gram. A. Eucken anrl co-workors gave 7120 cals, per 
mol. E. Donath gave 8*26 Cals, per mol at -94*5° ; R*37 Cah. per mol at —59*3° ; 
5999 cals, at —74*5° ; and 5705 cals, at -43*9°. For solid ammonia, A. Eucken 
and E. Donath gave 749.9 cals, at —104°, and 7410 cals, at —85°. Results for 
liquid ammonia were also reported by F, G. Keyes and K. B. Brownlee, C. Ledoux, 
H. Mollier, V. Wood, G. A. Zeuner, C. Dietcrici, G. Wobsa, U. H. Peabody, H. J. Mac- 
intire, 3. Hybl, C. E. Lucke, E. Marks, G. Holst, E. Aribs, and G. A. Goodciiough 
and W. E. Mosher ; those by N. S. Osborne and M. B. van Dusen, expressed in 
calories per gram, arc indicated in Table EXIT ; and the observations are sum- 
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Tabu EXII.^Latebt Hbat ot Yapobieation ov Liqitxd Auhonu. 


s-o. 

0* 

n 

H 

D 

B 

B* 

B 

B 

S' 


-40" 

831-7 

382*3 

338*0 

333-6 

334-3 

334-9 

336-6 

336-2 

336*8 

337*6 

-30' 

324*8 

323*5 

326*2 

326-8 

327*6 

328*3 

329*0 

328-7 

330*3 

331*0 

-20" 

317-6 

318*3 

319*1 

310*8 

320*0 

321*3 

322*0 

332*7 

323*4 

324-1 

-10" 

308 -D 

310*7 

311*6 

312-2 

313*0 

313*8 

314*6 

315*3 

316-1 

316'B 

- 0" 

301-8 

302*6 

303*1 

304-3 

305*1 

306-9 

306-7 

307-6 

308-3 

309*1 

f 0" 

301-8 

300*9 

300-1 

290*2 

208*4 

297-6 

206*6 

295*7 

204-9 

294*0 

flO" 

203-1 

202*2 

281-3 

290*4 

289*5 

288-6 

287*6 

286*7 

285*7 

284*8 

f20" 

283-8 

282 8 

281-8 

280*9 

270*9 

278-9 

277*0 

276 9 

276*9 

274*9 

fSO" 

273 -D 

272*8 

271-8 

270 -7 

269*7 

268-6 

267*6 

266*4 

265*3 

264*2 

1-40" 

263- 1 

262*0 

200-8 

269*7 

258*5 

237-4 

266*2 

256-0 

253*8 

262*6 


niarized in the formula £=32*968^133— 0— 0-5895(133— 0) cab. per gram. 
H. Mollier computed the heat of vapoiization of aq. eoln. of ammonia in Table 
XXIIIi expressed in terms of calories per kilogram of the mixed vapour. This 
subject was also discussed by E. P. Ferman. J. U. Bhaxby studied the relation 
between the density, temp., and latent heat of vaporization ; N. de Kolossowsky, 
the relation between the thermal expansion and the heat of vaporization ; and 
W, Herz, the relation between the density and latent heat of vaporization. 
A. de Hemptinne applied M. Prud'hommeb formula £=£T(Tb— 7)/(Ts— 
where Tg denotes the critical temp.; the b.p.; T, the temp, at which the 
latent heat L is observed. 0. Brill gave 22-7 for Ttoaton’s constant ; and 


Tablk XXIIT.— Heats of VAfoiuzATioN ov Aqueous SoLunon of Ammonia. 


Per cent, of Ammonia. 


Temp. 

0 

1180 

23 39 

33 73 

41*55 

50 30 

ino 

2f)'» 

688 

■■I 


■■ 

382 

354 

280 

30' 

533 


— 


371 

353 

272 

40" 

578 


451 


,372 

358 

237 

60' 

072 


428 

385 

369 

345 

. - 

60" 

665 

^PjT^H 

405 

381 

350 

309 

— 

70" 

558 

^prl^p 

431 

405 

358 

— 

— 

80" 

551 


429 

.388 

— 

— 

— 

90" 

644 

470 

424 

378 

— 

— 

— 

100° 

630 


420 


— 

— 


110" 

620 

^ptf^P 

420 


— 

— 

— 

120" 

622 

PIP 


BP 





A. A. Schnen, 22*75. B. de Porcrand, and G. Massol gave 108-1 cals per gram 
for the heat (d hision, wliich is not far removed from tWt of water. A. Eucken 
and E. Kaiwat gave 1126 cals, per mol for tho heat of fusion between 189‘P' K, 
and 198*1° K. £. C. Franklin and C. A. Kraus have pointed out that the sp. ht. 
and the heat of fusion of the solid are greater than the corresponding constants 
for water ; while the heat of volatilization, and the critical temp, and press, are 
higher than for any other liquid excepting water. The molecular assodation 
factor is as great as that of intermoleoular attraotton of ammonia. The subject 
was studied by E. E. Walker 

J. Dewar gave for the critical tamperature of ammonia, 130° and 115*0 atm. 
for the critical piessurc ; C. Vincent and J. Chappius gave 131-0° and 110-3 atm. ; 
M. Ocntnerszwer, 132*35°; A. A. Schnerr, 132-2°; A. Jaquerod, 132*1°, 
F. E. C. Bchcilor, 132*8° and 111*3 atm.; A. Berthoud, 132*5M32*6° and 112 
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atm. ; and E. Cardoso and A. Gilta7, 132*90 + 0*10°, and 112-30 atm. ±0'10 atm. 
The critical opalescence was observed from 132-6° to 132-9°, with a mammum at 
about 132-75°. The subject was studied by W. Herz. F. Q. Keyes and 
K. fi. Brownlee gave 4-239 c.c. per gram for the critical volame. A. Berthoud gave 
for the critical denrity, 0-23C2-0-2364 ; S. F. Pickeruig gave for the best representa- 
tive values, Tp-- 405-5° K. ; atm. ; and Dp=^0-236. J. A. Muller estimated 

the degree of polymerization in the critical state to lie 1-543. The densities of 
ammonia, liquid and vapour, at different temp, approxi- 
mate to the curve shown in Fig. 29 — vide supra, Fig. 27 ; 
and the equation for the mean diameter is i(D„4Di) 
--0-23355+0-Ps6956(133-fl) -0-0fl29(133-P)2. W. Herz 
examined the relations between the rritical constants. 

B. II. Wilsdon ® studied the energy involved in tho 
electronic shifts during the dissociation of anmionia. 
J. Thomsen gave for the heat of formation of ammonia 
(N,3H) - 11-89 Tals. ; F. Hahcr, 10-95 Cals. : and 
M. Berthelot, 12-20 Cals. The suhjeet was studied by 
R. de Forcraud. J. Thomsen gave (N,3U, Aq.) - 20-3 Cals., 
and M. Berthelot, 21-0 Cals. A. T. Larson anil 
R. L. Dodge calculated the following molar heats of 
formation from 4-5707(log Ji— log Pi)(Ti-^—T 2 ~^)'^ calorics : 



Kin — Density Cim’ps 

of Ammonia — Liquid 
and ^'apou^. 


Temp 

1 

]U 

30 

50 

100 atm prou 

32r)‘‘-350*’ , 

. 12,426 

12,206 


— 

— 

350”-37ri" . 

. 12,506 

12,24S 

12.630 

12,924 

— 

,375“ ^00" . 

. 12,500 

11,779 

12.283 

12,380 

13,373 

40n'’-42rj“ . 

. 12,072 

12.712 

12,604 

12,468 

12,311 

42ri“-4,-i0 

• 12,751 

1.3,340 

12,342 

12,009 

12,370 

460* 475" . 

. 12,825 

10,o5S 

11,786 

12,741 

]2,»39 

475"-fa00'’ . 

. 12,890 

13,903 

13,138 

12,801 

12, KBS 


For the heat nf combustion, J. Thomsen gave 90-65 Cals , anil M. Berthelot, 91-3 
Cals. The values deduceil by M. de K. Thompson for the free energy of ammonia 
at 18°, namely 45,2iX) eals. and 5100 cals., are incompatible— tho former is l)asi*il 
on E. Baiir’s observation of the c.m.f. of the cell Pt+Hg | NH4NO3 solid, soln. of 
N1I4N03 in NHgjPt+Ng; and the latter, unF. Haber and G. \au Oordt’s data 
for the equilibrium constant ii, in [NIl3]/ir“ [Ng]*[ll2]'f. M. Wrewsky and 
N. N. Sawaritzky studied the heat of formation of aq. soln of ammonia. R. de For- 
crand and (t. Massol gave for the heat of solution of hquid ammonia, 1-882 (^als.; 
and G. Massol, for solid ammonia, —0 068 Cal. P. A. Favro und J. T. Silbermanii 
gave for the heat of soln, of a mol. of ammonia in 250-370 mols. of water 8-740 
Cals.; J. Thomsen, 8-440 Cals.; and M. Berthelot. 8-820 Cals. There is thus a 
considerable amount of heat evolved during the soln. of the gas. If a rajiid current 
of air be driven through a cold soln. of ammoma in water, the heat absorbed us the 
ammonia is expelled from the soln. will reduce the temp, so as to freeze a small 
globule of mercury. The production nf cold is best demonstrated by blowing air 
through a soln. nf ammonia standing on a few dro])S of water on a bloek of wood. 
The beaker will soon be frozen to tho bloek of wood. H. Mollier represented tlie 
heat of soln., Q, of ammonia at 15° in aq. soln. with / per Ticnt. of ammonia, by 
0—193— l-95jr— 0-022/2 for values of x between 0 and 55 per cenb. ammonia. 
Ucnce, (^^0 when a;=59-3. H. Mollier found for the liquid at 13°, and the gas at 
15°: 


se 

0 

5 

10 

20 

.30 

40 

50 

60 to 100 par rout 


193 

183 

171 

144 

113 

79 

39 

U UhIp 

Pliq. 

493 

463 

471 

444 

413 

379 

339 

300 Cals. 


heat of dilution of an aq. soln. of ammonia increases inversely as the propor- 
tion of water already in sola, increases. M. Berthelot gave the formula Q— 1270/n 
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oab., for the heat of dilution, Q, in passing at 14^ from NI^.nH20 to NHS.2OOH2O. 
Thus, for NH3.0*98H80, the heat of dilation is 1285 cals., and for NH3.5-77H20, 
210 cals. If Q be used to denote the heat developed per gram of ammonia when a 
Boln. with X per cent, of ammonia is diluted to one with 0-47 per cent., H. MoUier 
gave Q=79*2z/(100— x). H. von Strombeck represented the amount of Wt, Q, pro- 
duced by the absorption of w grms. of ammonia by Q=5O5-3i0 Cals. F. Ghappius gave 
a table of the amounts of heat developed by dissolvbg ammonia in water. F. Bllhle* 
mann studied the heat of soln. of ammonia in water and in alcohol. J. Thomsen 
gave for the heat of dilution of NH3.nH20 to NH3(n+m)H20 at for 

n=3'2, and m^l5, 25, and 50, the values 324, 350, and 380 cals, respectively. 
W. Timof6efi found the mol. heat of soln. of 0-17-9-94 per cent, of ammonia in 
methyl alcohol to be B-13-15-0B Cals.; 0-30-4-23 per cent, in ethyl alcohol, 
7-03-12-30 cals. ; 0-26-^-12 per cent, in propyl alcohol, 6-42-14-05 Cals. ; and 
0-20-3*81 per cent, in isobutyl alcohol, G-04-14 40 per cent. F. E. C. Scheiler 
and II. J. dc Wijs studied the thermodynamic potential of ammonia in soln. 
W. Nornst gave 3*3 for the chemic&l constant of ammonia ; F. A. Heuglein, 
and A. Langrn, 2-454 ; S. W. Saunders, 3-4. W. Herz discussed this suhjoci. 
A. Eucken and co-workeis gave —1415 for the integration constant of ihe 
thonuodynamic vap. press, equation; and A. Eucken and F. Fried, 0-02 for the 
r-onstant in the equilibrium equation for 3H2+N2 -=2NB3. A. E. van Aikel and 
J. H. do Boer discussed the electronic structon of ammonia. 

The index ot rebaction of ammonia gas was measured by J. B. Biot and 
F. J. Aiago,*^ who found 1-000381 for white light ; L. Bleekrode, 1-000373; and 
?. L. Dulong, 1-0003B3. E. Mascart gave 1*(^377 for the D-line; L. Lorenz, 
0-000371; G. W, Walker, 1-000379; and E. W. Cheney gave r033795 for A 
5832 A.; 1*033785 for A =1*083785 ; and l%3m for A=6678 A. U. and 
M. Cut hbertson found for 

A . . . 480 620-9 646-1 643-8 670 R^M 

. . . 1-0, .38300 l-0a38002 1-0|37860 1-0.37456 1-0.37376 

S. Loiia and J. Fatkowsky made observations between A=-435*8/i/x and 382*5/x/x. 
The coiisianis for the formula are C'=2-9658xl0-^ and 

8136-3x1027 for C. and M. Cuthberteon’s data; and 0-'-=2-7898xl027, anil 
7509-8 X 10^7 for g, Loria and J. Fatkowsky’s data, C. S. Cragoe and co-workers 
obhiined 0-0003831 at 0“ and 760 mm. for the yellow Hc-line jLi— 1-0016927 at 
0-33° ; 1-0011592 at -10-55'* ; 0-000308(» at -40-67° ; and 0-0001884 at -49-93°. 
L. Bleekrode obtained 1-325 for the index of refraction of liquid ammonia. 
8. Fnbcrg obtained values for the index of refraction and dispersion in the ultra-violet. 
11. Lorenz and W. Herz compared the mol. refraction and the mol. vnl. with those of 
other substances. G. Szivessy found Eerr’s constant to be 0*59 X 10^^^ at 17-9° ; 
and C. V. Raman and K, 8. Krishnan, 0*59 x 10^^^ at 20° and atm. press., with the 
Z)-line. C. P. Smyth studied the re&action of the H2N : radicles. K. R. Rama- 
nathan and N. G. Srinivasan found the depolarization of light scattered by ammonia 
in a direction perpendicular to the incident beam is the same as it is with hydrogen 
chloride or sulphide. This indicates a high d(^e of optical symmetry. This is 
taken to mean that in these gases electrons of the hydrogen atoms have gone to the 
outer orbits of the heavier atoms to complete the clecbionic structure charactoristic 
of the nearest inert gas. B. 0. land and co-woTkDr.s studied the decomposition of 
ammonia by a-iays. H. B, Wahlin examined the elicct of free electrons on ammonia 
molecules. 

A. Schuster ^ found that the SPeotmm of ammonia in the discharge tube shows 
a broad, greenish-yellow band between 5688 and 5627. G. Magnanini observed the 
spectrum of the flame of ammonia burning in oxygen exhibits a large number of 
hydrogen lines. This spectrum was also observed by J. M. Eder, who measured 
240 Imes between A=>5000 and 2262 for the extreme ultra-violet. The emission 
spectrum has seven characteristic bands — one between the red and ultra-violet, 
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and the other six are in the ultra-violet. L. de Boisbandran, D. H. Denniaon, 
B. Hasselberg, G. Landsberg and A. Predwoditelcfi, II. C. Dibbits, W. B. Riinmer, 
H. 0. Kneser, B. J. Spcnsr, F. Ilolwcck, H. Deslandrcs, W. H. Bair, 0. Rcinkober, 
G. Hcttner, H. Leopold, C. T. Kwei, K. Schierkolk, and K. B. Hofmann, observed 
this spectruni. The band A- 3360 observed by J. M. Eder has been studied by 
E, F. Lewis, who found it occurrod with mi:rtoroB of hydrogen and nitrogen in 
vaeuum tubes ; and by A. Fowler and 0. C. L. Gregory, who found it also oocurred 
in the solar spectrum. The absorption of heat rays by ammonia gas was examined 
by J. Tyndall, G. A. Stinchcomb and £. F. Barker, F. M. Garibaldi, L. Scheinn, 
W. J. Russell and W. Lapraik, W. de W. Abney and R. R. Festing, and 
W. W. Coblentz ; and the absorption of ultra-violet rays, by W. N. Hartley and 
J. J. Dobbie, M. Fe^ri^res, W. B. Riuimrr, S. W. Leifson, and J. L. Sorct. 
W. W. C<)blentz studied the ultrs-red absorption spectrum of ammonia, and found 
bands near 3'Op,, 6-0/x, and from 7'8/x to 15/x. K. Bchierkolk resolved the last of 
these into a double band, and he found strong bands at 1493 /a and l-935/i, with 
a weaker one at 1'C43 /a. There was also a strong band at 2 ‘ 22 /x, with two sharp 
maxima at 2 - 202 /i and 2-239/x. W. F. (^olby and E. F. Barker studied this subject ; 
and B. J. Spensc examined the spectrum in the vicinity of 3 /i. G. Landsborg and 
A. Frcdwoditelei! studied the absorption spectrum of ammonia; and K. Glen, and 
E. Hulthen and 8 . Nakamura, the origin of the bands. The absorption of ultra-violet 
rays by liquid anunonia was studied by L. Ciechomsky : and the absoqdion spectrum 
of ammonia- water, by J. L. Sorct, W. N. Hartley and J. J. Dobbic attributed the 
band from A— 2707 to A 2322 in commercial aq. ammonia lo organic impurilies. 

According to M. AscoU,<^ liquid ammonia shows the phenomimon of electrosmose. 
When a difierence of potential is established between two portions of liquid ammoma 
separated by a porous si'ptuni of calcined alumina, and kept at a temp, of —60'^ by 
immersion in a bath of acetone ronled with solid carbon dioxide, there is usually a 
slight displacement of the liquid in the opposite direction to the current ; but if 
the liquid is coloured blue by the formation of a small quantity of sodammonium 
in soln. there is a marked displacement of the liquid in the same direetiun as tho 
eurrent, showing that the introduction of the sodium has caused the liquid to berumo 
positively and the alumina negatively electrified. 

The dectrical conductivity of liquid ammonia is very small, and the passage 
of the current is acrompanied by the evolution of a little gas. L. Bleekrodc said 
that it is a good condudor ; but K. T. Kemp, and J. W. llittorf suggested that the 
observed condiietivity of the liquid in really an effort of tlie presence of impurities — 
mainly water. V. Frenzel found the sp. conductivity of liquid ammonia of a high 
degree of purity to be O mho at - 79'3\ and 0*0 b 147 mho at —73*6", with a 
temp, coeff. of about 1*9 per cent, per degree. H. M. Goodwin and M. de K. Thompson 
obtained a sj). conductivity of 0-031392 mho at —29*5° ; O-OgUSS mho at —20® ; 
ami of O'OslfiBB mho at —13^', TJie mean temp, coell. between —30® and — 12 ® is 
dK/d$ O'Ogll, the increase being at the rate of about 0*7 per cent, per degree rise 
of temp. Tlii.s i.s unusually small. N. Tebitchinadze, 
and E. (I. Franklin and C. A. Kiaus also studied this 
subject. 0. Frenzel attributed the conductivity of liquid 
ammonia to ionization NHg^NH 2 +H'^NIl"+ 2 H' 
r‘N'"-|- 3 ll', because in tho curve showing the relation 
between the quantity and intensity of current, there are 
three breaks, Fig. 30. He also believed that some of 
0^ 0 ^ 0-6 od H’-ioiis unite with the ammonia molecules, forming 

i^Bit N H '4 -ions. H. P. Cady showed that the mol. conductivity 

F/o. 30 —Amperage Volt- of salts dissolved in liquid ammonia, at its b.p. —34®, 
Curves of Liquid generally greater than is the case in aq. solo, at 18®, 
Ammoniacal ^ olutions. conductivity of a Soln, of potassium nitrate 

in liquid ammonia is 124, and in water 114 (v— 100) ; potassium bromide 
in ammonia (r—135) is 181, and in water (v-128), only 117; silver nitrate in 
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ammonia (vs=^140) is U7, and only 103*3 in water at a greater dilution (v^l66). 
Mercuric iodide is but slightly ionized in aq. aoln., but in ammonia soln. (o-=150) 
the mol. Conductivity is 102. H. M. Goodwin and M. de K. Thompson measured 
the conductivity of silver nitrate in ammonia soln. E. 0. Franklin and co-workers, 
F. A. Smith, and P. Eversheim have examined the conductivities of many salts, etc., 
dissolved in liquid ammonia. 

W. Hisinger and J. J. Berzelius found that the electrolysis of a rone. aq. soln. of 
ammonia with iron elcctrodeB results in the evolution of hydrogen at the cathode, and 
nitrogen at the anode ; if the soln. be less cone., oxygen may also be developed, and 
iron oxide formed. J. J. Berzelius and M. M. Pontin made ammonium amalgam 
iq.v.) with mercury as the negative cathode, and aq. ammonia at the anode where, 
during the electrolysis, oxygen was evolved. A highly purified aq. soln. of ammonia 
is fllninst as bad a conductor as purified water. M. Faraday showed that if a little 
ammonium sulphate be added, the aq. soln. on electrolysis furnishes between 3 and 
4 vols. of hydrogen at the cathode per vol. of nitrogen at the anode. B. M. Losanilsch 
and M. Z. Jovitschitsrh attrihule the deficiency in the anodic nitrogim to the 
formation of nitrites in soln. F. Kolilrausch found that only wlien m dil. soln. 
flops aq. ammonia behave like a normal electrolyte ; and W. Ostwald ropresented 
the rrlution between the conductivity and the cone, of the soln. by tan /x— 
where ^ represenis the conductivity ; the dilution— in litres ])er mol— at which 
the mol. rondurtivity has half its maximum value ; and v, the dilution m liire^ per 
mol. The conductivity has been measured by (}. Bredig, F. Kohlranscli, F. Gold- 
bchniidt, clc, G. Bredig found for the sp. conductivity, in mho, of iV-solu. : 


A' 

Kho 


00100 005G3 0-3148 0-053 2*055 4-720 12 80 

0 0jl220 0'0,278S 0‘0|033D 0-001002 0-DU12D6 0-001218 0-0j432.1 



cf 'oCutm 

Fir* 31 - ilie Floc- 
tiiral UiiiiiUu tivity of 
Atiiinuus Sulutiun^i of 
Atcnioii'ii. 


thus showing that with iurreasing enne., the sp, conductivity first rises to a 
maximum nearly (HK)! 3 for 31V-soln., and then steadily 
fulls os ilhiKtrated by Fig. 31. One of the factors cou- 
rerii(‘il in ihi^reYcniol of the conductivity is attributed by 
F, Ooldsihmidt to tlu' eflert of ammonia ontlie viscosity 
f)f tlie soln. observed by A. Kanitz, and the decreased 
iiiobibiy of the ions. Aq. soln. of salts which exert no 
fheiiiiral action on the ammonia have their rondurtivity 
lowered by additions of ainmoiiia. 

When ammonia is dissolved in water the deviation 
from Henry's law has been attributed to a chemical 
reaction between water and ammouia, fornung nviwoniym 
hifdtoxide: NUg-l- H20^-iNH40H ; this inference is sup- 
ported by tlip groat difiereiiei*, 3*4 Cals., between the heat 
of soln., B-4 Cals., and the heat of condensation, 5*0 Cals. 

The 3'4 (^als. here represent the heat of admixture of a mol of ammtmia with 
water, and this is much greater than the heat of admixture of amiiionia with other 
liquids which do nnt react chemically with the ammonia. There is also a jiossibility 
that ammonia hydraies. NH3.nU20, are formed, vide in/m ; and a possibility that 
the ainmonium hydroxide is ionized NH40lI^NH'4+0H'. In figrecnieiit with 
the assumption that ammonium hydroxide is formed which acts> as a weak base, the 
lii|uid tastes alkaline ; it reddens lurmBiic ; colours the juire of vinhds green ; and 
colours litmus, etc., the same as do soln. of the alkali hydroxides. Thesis rhanges 
of colour disappear on exposure to air owing to the volatilization of the ammonia — 
the volatile alkali of the early chemistiH. The feeble character of auimnnium 
hydroxide as a base is evidenced by its heat of neutralization with acids whicli is 
about 1'6 Cals, loss than is the case with potassium or sodium hydroxides ; like 
other weak bases, the soln. cannot be satisfactorily titrated with phennl])hthalein ; 
8, Arrhenius found that its effect on the hydrolysis of ethyl acetate is about 40 times 
less than that of sodium hydroxide ; and the electrical conductivity of aq. soln. of 
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ammonia u small. The hydrolyaa of ammoniim anha was ^uaaed by 0. Brilok, 
and £. Baars. L. Knoir explained the intetaction of ammonia and ethylene nri fie 
not as an efiect of the addition of NH'a and OH'-ions ueuaDy aaenmed to be piesent 
in aq. eoln., hnt apparently to the addition of H' and NH'g or of H‘ and NH,0H.' 
The rono. of the E'-iona in the soln. of a^onia cannot be greater than in water, 
owing to the presence of Ofi^'iDne, hence, it is assmned that NH 2 or l^BgOH'-ions 
are present in the soln. in addition to OH' and 1?H'4 -ions. B. Cassen found that 
Maxwell’s distribution law does not hold for the motions of b'thinm ions in liquid 
ammonia. 

F. Goldschmidt found that the ionization constant, K, vaiios from 0*04221 to 
O*0 q 23 for 0'0109i\r- to 12'89i\r-8olu. As the cone, of the soln. decroascs, the value of 
K becomes nearly constant, as, assuming this begins with a cone, of 0-02i\^, K is 
0*0000191. E. Klarmann gave 0*0000152. The inconstancy of K cannot be attri- 
buted to the formation of complex ions— NIl 4(NH3)' — since the lowering of the 
f.p. of water containing ammonia and ammonium salts corresponds with the value 
calculated for the (Quantity of material added. F. Goldschinidt found the inrreaso 
in the partial press, of ammonia is almost exactly proportional to the amount 
of carbamide added to the soln. and the value of k calculated from 
(A;+[H20])A'2p=(i+[H20]')A2p' is negative and nearly constant. Hero [HoO] 
denotes the active mass of water taken as 100, and [H20f the active mass of water 
after the addition of carbamide ; A and X* are the eq. conduciiviLies ; p, p\ the 
partial press, nf ammonia of the soln. with and without the carbamide ; and k 
represents the hydration constant. The variation of the active moss of the water is 
proportional to the variation of the vap. press, on the assumption that only a mono- 
hy dioxi de is formed. W. M. Burke measured the conduotivities of soln. of ammonia 
at various cone, in 2ilf-caThamide at 25°, and found that the ionisation, as in aq. 
soln , conforms with the law of mass action, but the ionization constant is 
12*92 Xl0~^ in carbamide soln. as against 18*1 in aq. soln., thus presenting 
an exception to J. J. Thomson’s hypothesis— 1. 9, 8. The 30 per cent, difference 
cannot be due entirely, or to any large extent, to a change in viscosity, and it is 
possibh* that an ammonium-carbamide complex is formed wluch has a smaller 
ionization constant than ammonium hydroxide. M. Iflizutani studied soln. of 
ammonia in water and alcohol. 

A. Hantzsch and J. Sebaldt argued tnat if in ai], soln. ammonia exists 
as hydroxide, the scheme of ionization is NH3+H20^NH40H^-^^H 44 Oil', and 
assuming that the hydroxide is insoluble in chloroform, the rone of ammonia, NH3, 
in the aq. phase is proportional to that of the hydroxide, and the total cone, may 
be used m calculating the partition ratio of finimoma between water and chloro- 
form. The partition coelf. between water and chloroform is 25 at 25°, and remains 
constant for varying cone., hut the value changes with temp., so that at 2° the 
partition coefi. is 38*53. The higher the temp, the greater the proportion of ammonia 
in the chloroform. This is taken to mean that the ammonia is hydrated in aq. 
soln. forming not NH4OH, but a complex NHstnEgO. B, Abcgg and H. Bie&enfeld 
measured the partial press, of ammonia in soln. of various salts, and found for cone. 
O'5-l'OiV, at 25°, the partial press, was proportional to the cone. In almost all 
cases the addition of an alkali salt causes an increase of the partial press, of anunonia> 
this increase being proportional to the cone, of the salt ; lithium salts are, however, 
exceptional. The salts may be divided into two groups, those giving a mol. increase 
of press, less than 2-3 and those giving a mol. increaso greater t^u 3*4. Those 
giving the lower value are those containing univalent anions. The following, 
however, gave the higher value ; hydroxides, fluorides, borates, acetates, formates, 
chlorates, and iodatos, the action being apparently additive. The higher value 
appears to b) connected with the tendency to form hydrates, whilst hydrates 
do not exist in the case of the salts for which the lower value is obtained. 
H. Bicscufeld compared the results at 25°, and found the only soln. for which a 
marked temp, coefi. exists are those of sodium and potassium carbonates, sodium 
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aBil lilliium ohloridoB. In thm cases, presumably, there is interaction between the 
ammonia and the dissolved salt. For sodium hydroxide, potassium hydroxide, 
liliioi id<\ nitrate, aoef^aie, and oxalate, the temp, cocfi. is practically se 'o. It appears 
froni tlic obseivations that where there is interaction between ammonia and the 
iliPiM)lved ealb, it is greater for sodium than for potassium sa^s, and greater for 
lithium than for sodium salts. D. L KonowalofE worked at 60^. W. Gaus worked 
at 23^ and 27°. He found that sodium hydroxide and most ammonium salts 
causrd, as expected, an increase of press., sodium and potassium chlorides also 
eausing an increase. Ammonium nitrate, iodide, and thiocyanate, however, bring 
about a decrease of press., the cause of which may be due to the formation of complex 
compounds. All the other salts examined pri^uoed a decrease, which was most 
marked in the case of cupric and silver salts. 6. S. Forbes and C. E. Norton 
measured the oxidation potentials of a number of organic ammonium radicles and 
of the alkali metals in liquid ammonia ; and A. A. Groening and H. P. Cady, the 
decomposition potentials and metal overvoltages of soln. of salts in bquid ammonia. 
L. B. Loeb investigated the mobilities of ions in mixtures of ammonia and air or 
hydrogen. 

According to G. Brcdig, the velocity of migration of the NH4'-ion at 23° is 
7 l)‘l ; and, according to F. Eohlrausch, 64 at 18°. The eq. conductivity Aq 271. 
Assuming tlmt NIT4' and OH' are the only ions present in aq. soln., about 4 per 
cent, of a O'OliV snln. is irmizod, in a O'lAT-soln., over 1 per cent. ; and in a 2\r soln., 
about 0\]b pnr rent. F. W. Bergstrom found the electrochemical scrips in liquid 
ammonia is J^b, Bi, Sn, Sb, As, P, Tr, Sc, S, I. H. P. Cady studied conoontration cells 
w ith soln. of sodium nitrate in liquid ammonia, using sodium amalgam electrodes, and 
found that the laws valid for aq. snlii. also apply to ammonia soln. E. Baiir studied 
tln^ r.iu.f of tlir gas Cell with electrodes of platinum charged with hydrogen and 
iiitTogen, and a soln. of ammonium nitrate sat. with ammoma, or a sat. aq. soln. of 
amniomu. The niofst constant results were obtained with the former liquid. At 
— It)'^, the e m 1. is 0-39 volt. The c.m.f. falls rapidly when current is drawn from 
the et'll bill I lie normal value is regained on standing, indicating that the current 
IS jnoilueed by the union of hydrogen and nitrogen to form ammonia. He also 
mi'asuri'd the decomposition tension of the two electrolytes. G. S. Forl)es and 
C. E. Norton measured the oxidation potentiab of quaternary ammonium radicles 
and of alkali metals in liquid ammonia. W. Wild studied the elcctlDCapillary 
action of soln. of potassium chloride and nitrate, mercuric nitiati', and iiitiic 
ueid in liquid ammonia. A. T. Waldie obtained a critical ionizing potential at 11 
volts, and possibly one at 33 volts. G, Gehlhofi studied the fall m the cathode 
potential by a constant discharge in a vacuum tube; L. B. Loeb and co-workers, 
G C\ Grindley and A. M. Tyndall, and A. T, Waldie, the mobilities of the ions lu 
anijiiouia gas ; and W. G. Palmer, the effect of ammonia gas on the coherer in 
delectmg eliTtric waves. 

C. A. Maekay gave 1 1-1 volts for the ionizilig potential of the gas ; B. A. Morton 
and Tl. W. Riding, 11-7 volts ; ami A. T. Waldie, 11 volts. H. Henstoek discussed 
the elect ronic structure ; aiullj. B. Loeb,L. B.Loeb and M. F. Ashley, and II. R. Hasse, 
the mobilities of ions in gaseous mixtures of air and ammonia. H. M. Goodwin 
and M. de K. Tliompsoni^i found the dielectric constant of commercial bquid 
ammonia at —34° to be 21 ; ammonia prepared from amnioniuiii cldonde and lime, 
23 ; and commercial liquid ammonia after dehydration, 22. G, T. Zahn found the 
dielectric constant, e, to be : 

-71-8" 1-4- 28-7' 08-4" 1B3-8" 

(e-l)xlO> . . 9280 7132 6117 4018 2734 

He did not observe an anomaly indicated by M. Jona at room temp., but there is 
a definite mcrcase near the point of Uquefaotion. The results can be represented 
by P. Debye’s expression (e— 0*000768f +1*74, where v denotes the sp. vol. 
of 1 c c. of an ideal gas at n.p. 0. C. Manneback also studied the dielectric capacity 
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of ammonia. G. Jung diacusBcd the orientation of the molecules in dielootrio fluids ; 
L. Ebert, the dielectric polarization ; and A. Tschukoreff, the ma^ctoohemical 
effect in the reaction NHs-f-HCl=NH4Cl. K. Wolf found a discontinuity in the 
dielectric constant-piessuie curve of ammonia when traces of moisture are present. 
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§ 17. The Solubility ol Ammoiiia 

Azmnoiiia is lajndly and copiously dissolved by water ; and mucli heat is 
developed. Ice also dissolves ammonia rapidly and at the same time liquefies with 
a reduction of temp. The rapid solubility in water has been the subjc^ct of some 
pretty experiments for the Iceture table.i According to H. Davy,^ water dissolves 
about half its weight of ammonia gas, or nearly 670 times its vol. at 10° and 29*8 ins. 
press. ; and at a lower temp., J. Dalton said that water dissolves more than half 
its own weight ol gas. Ubscr\'ation 3 were also made by T. Thomson, and A. Urc. 
More accurate measurements wore made by L. Carina, 0. W^aehsmuth, T. K. Sher- 
wood, E. M. Baker, F. M. Kaoult, J. \V. Doyer, 11. Watts, W. Gaus, E. P. Perman, 
and B. Abegg and H. Ricseufeld. H. E. Koseoe and W. Dittmar gave for the 
solubility, S, expressed in grams of ammoma per 100 grms. of water, at 760 iiini. : 

0" Ti® 19' 15® 20" 25“ 30" 40’ 5(e 56“ 

B , . 87-5 77-5 67-9 00-0 52-6 46-0 40-3 30-7 22-9 IS‘5 


while T. H. Sims obtained rather higher values, at 760 mm. : 

0“ 10" 20' 30" 40" 50" 60" 70" 80" <M)'’ D6" 

B . . 80-9 bH'4 Ol-H 40-8 33 8 28-4 23 8 19 4 104 11-4 7-4 

L. CariuB represented his results by 5 “1O4:9'624--29'49C30 ] 0-07ti8749- 
— 0*0095621 J. W. Mallet obtained for low teni])., and a ])resB. of 74,3*5 mrn. : 

-3*0" -10“ -20' -25’’ -;i0 -40' 

B . . 94-7 111-6 176 8 255-4 278-1 291-6 


The icc-ciirvp was examined by F. Biidorff, F. Guthrie, and S. U. Pickering j 
and the equilibrium curv'es of the binary system, by L. 1 ). Elliot, 8 . Postma, 
F. F. Rupert, and A. SniiLs and S. Postma, who found : 

NH, 0 20 36 60 67*5 60 66 6 76 78 90 100 per cent. 

F.p. 0" -32" -120" -77" -89" -85-6" -78" -80" -95" -83" -77" 

^ _ - _ - - ' — , .. 

Ice ^ HiO ^ iH|() ^ ^']Ta 



Fig. 32. — Equilibrium witli tho 
Buiary Bystem MHr-HiO. 


The results are plotted in Fig. 32. There are thus 
two hydrates, ammoma h;^ate, or 

ammonium bydiozide, N II 4 OH, which forms small, 
colourless crystals melting at —77'^. F. F. Rupert 
gave - 79"' for the m.p., and L. I). Elliot, - 78-9°, 
and ammonia bemitay^te, NII 3 .III 2 O, which 
forms needle-shaped crystals melting at —78*" ' 
F. F. Rupert gave —79° for the m.p., and 
L. D. Elhnt, - 79*2°. F. Friedrichs questioncsd 
the existence of these liydrates and suggested 
that they may be a case of mixed crystals in a 
continuous series. This is an argumef{fum contra 
factum. E. Baud and L. Gay observed maxima in 
curves, rejuesenting (i) the variation of the heats 
of dilution of animonja with difFerent proportions 


the dilution of ammonia with water; these maxima corresponded with the 
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existence of a hemihydrate and a monohydrato, F. Friediichs, W. H. Motz^ 
G. Baiime and A. Tykooiner, and A. M. Wasilieil also studied the system. 
According to F. F. Rupert, the outectio between NHb and NHb.^HbO lies at 
with 60-3 per cent, of NH3 ; and that between NH3.^H20 and NHq.H^O, 
at —67° and 57*3 per cent. NII3. The elleot of press, on the solubility of ammonia 
in water was examined by H. E. Roscoe and W. Dittmar, at 0°, and press, 
between 10 mm. and 2000 mm. The following are selected from T. H. Sims* 
results at 0°, where S denotes the number of grams of ammonia dissolved in a gram 
of water at the given press., p, the partial press., ».s. the total press, less the press, 
of the aq. vapour at the given temp. ; and C, the number of grams of ammonia 
that would have been present in a gram of water if the solubility were proportional 
to the press. 


p ■ 

. 20 

100 

250 

600 

750 

1000 

1600 

1900 

s. 

. 0*082 

0*280 

0-472 

0*692 

0*891 

M26 

1-656 

2-070 

c. 

. 3*113 

2*127 

1-434 

1*052 

0*903 

0*855 

0-B3B 

0-823 


This shows that Hie solubillby of ammonia in water is not described by Henry’s 
law ; but at 100°, the solubility data are in accord with the law ; 


P * 

. 760 

800 

900 

1000 

1100 

1200 

1300 

1400 

lb’. 

. 0-0G8 

0-078 

0-088 

0-096 

0*106 

0*116 

0*125 

0 135 

C. 

. 0-074 

0-074 

0-074 

0-073 

0*073 

0-073 

0*073 

0-073 


D. F. Konowaloil also showed that the law, invalid at ordinary temp., becomes 
valid at 100°. G. Calingacrt and F. E. Huggins observed that the apparent devia- 
tion from Henry’s law does not occur if an allowance be made for the ionisation of 
the ammonia in aq. soln. : NH3-l-H20^NH'4+OH', so that only that part of the 
ammonia not ionized is taken as being proportional to the cone, of the ammonia 
in the vapour phase. The constant for Henry’s ratio with sufficiently dilute sola, 
is unity, and such a solu. distils without variation of cone., and corresponds to a 
maximum boiling mixture. The cone, of such a liquid is O-OOOOlO gnn. of ammonia 
per litre. For the ratio of the partial press., p mm., and the number of mols of 
ammonia, n, in sola., W. Gaus, and R. Abegg and H. Riesenfeld found the deviation 
to be small lor small cone, of ammonia. J, Locke and J. Foresail represented 
the relation between p and n by p=13-34n+0'18n2. E. Klarmann observed 
that Henry’s law applies for soln. of cone, ranging from 0’0063i7- to 
0-5i\r-NH401I ; and said that the action in aq. soln. can be represented either by 
NH3+U2()^NH40H, and NH40H^NH'4+0ir ; or by NHg+H ^NH ^, and 
H'-f 011'-=-Il20. F. £. C. Scheffer and H. J. de Wijs said that the equilibrium 
constant of NHgf^aM^r^NlIsdissolved cannot be determined, but since for NH8-|-n20 
^Nll40U, A=[NH40H]/[NH3], so that if C denotes the total cone, of the ammonia, 
then [NH3l/C=[NH8]/([NH3]+[NH40H])=(^+l)"^=rconstant. The equilibrium 
constant of Nll3j,^-|-nH20r^{nNH40H+(l— n)Nll8}diBBoivedj he determined by 
means of the ratio PsrJC, where pirn, is the press, of the gas above the liquid. 
Henry’s law holds for cone, up to 2i^-^H3. The vap. press., p, of the ammonia 
can be represented by p=12'9(7(l+0'046G). The addition of a constant small 
quantity (0*15 mol) of ammonium nitrate to varying cone, of ammonia has no 
influence on the agreement of the ratio p/G with Henry’s law, or the above equili- 
brium conditions, but the effect of additions of increasing quaniitics of the salt 
to small cone, of ammonia can be represented byp==12-90(l+0-Ol9C,j+0-00850||2), 
where C„ denotes the cone, of the ammonium nitrate. The subject has been dis- 
cussed by E. Tiaara in his VAer ien Zustand des Ammonidks in wdasriger Ldsunj 
(Stuttgart, 1927). 

E- F. Perman, and H. Hollici measured the relation between the vap. press., 
temp., and percentage couc. of aq. soln. of ammonia. The latter’s results for the 
percentage cone, of the soln. at different temp, and press, are shown in Table XXIV, 
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Table XXIV.— Tub Cokoebtratioms of Aqueoxis Solution of Auuonu ATDxrmBirt 
Temperatures and Preshubes. 


Press. 

kgnus. per 20” 
sq. cm 



Eud tlie rt^sults are glutted iu Fig. «U. Tlie total pross. exuric'd by the vapours 

from Holn. of difierent cone, and temp, are shown 
^ iu Table XXV, and plotted in Fjg. 34. The temp. 

of aq. Boln. of ammonia of different I'onc. and vap. 
press, are indicated in Table XXVI, and plotted 
in Fig. 35. R. S. Neuhausen and W. A. Tatrirk 
represented their results by u -0-4D(pcr/po)° 
whore u denotes the vol. occu])ied by the liquid gas 
dissolved per gram of water ; po, the vap. press. ; 
p, the equilibrium gas ])re8s. ; and a, the surface 
tension of the liquefied gas at the given temp. 
Fit.. 33. — (Joiieciilnition Ldiii H R. Mpzger and T. Payer measured the vap. proHs, 
for Aqupoiis of mixed solii. of ammonia and carbon dioxide. 

* K. 0. E. Dttvifl and CD-workers, B. Klanuanu. 
W. K. Lewis and W. G. Whitman, T. A. Wilsim, 
W. C. Sproesser and G. B. Taylor, B. T. Haslam and co-workcrs, 0. L. Kowalkc 
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P, 0. Ledig, tbe rate of absorption from gas-babbles. E. B. Auerbaob and 
L. Millbradt compared the rates of escape of ammonia and water from aq. soln. 
They found that the loss from Boh. with 34-5| 25-7, and 22-7 per cent, of ammonia 
was respectively 28-3, 19-1, and 16-4 per cent., while only one to two per cent, of 
water was lost-^vufe supra. 


Table XXV.^Tur Total Vapour Pressure or Aqueous Solutions or Amuonia ai 
Different Temperatures and Uonoentaationb. 


rbnp.l 
pel 20- 
rent 

BO" 

40" 

BO" 

C50" 

70" 

SO" 

90- 

100" 

110* 

120" 

130" 

140* 

150" 

5 

, 

,, 

■ 


■ _ 

_ 

1-32 

1-83 

2-40 

3 33 

4-40 

6-71 

7-28 

10 

— 

— 

— 

— 

1-06 

1-48 

207 

2-80 

3-78 

4-92 

e-36 

8-01 

10-20 

Ifi 

-- 

— 

-- 

1-12 

1-68 

2-20 

2-99 

3-00 

6'24 

6*77 

8-64 

— 

— 

20 

— 

— 

1-14 

1*03 

2-27 

3-09 

4-15 

6-48 

708 

0 12 

— 

— 

— 

25 

- 

M4 

1-64 

2-2R 

3-14 

4-24 

5-64 

7-34 

9-45 

- 

— 

— 

— 

30 

M.3 

1*63 

2-28 

3-16 

4-29 

6-71 

7-40 

9-62 


- 

— 

— 

— 

35 1-08 

1-67 

2-2,^ 

3-14 

4-27 

6-76 

7-52 

9-73 

— 

— 

— 

— 

- 

— 

40 1-50 

2-17 

307 

4-24 

6-70 

7-66 

0-70 



— 

— 

— 

— 


45 2-02 

2-01 

4-08 

6-55 

7-38 

0-60 

— 

— 

— 

— 

— 

— 


— 

50 2*06 

3-70 

6-24 

7-09 

0-26 











'J'AiiT.r XXVI. —Tub Temperatures or Aqueous Solutions of Ammonia or DirrBRENT 
Concentrations and ]*be8Sures 


PreflBurei In ktlDErniiu per sq. om. 


Per cent 

ro 

1*6 

2-0 

2*5 

80 

4-D 

6-0 

B-0 

7*0 

B-0 

DO 

100 

5 

82 > 3 * 

, 03 - 76 “ 

102 - 95 - 

110 05 * 

110 - 3 “ 

126 - 4 “ 

134 - 8 ° 

142 - 0 ° 

148 - 3 “ 

163 - 8 “ 

150 - 0 ° 

163 - B - 

10 

68-66 

ao-i 

8896 

00-2 

102-6 

112*5 

120-0 

127-8 

134-1 

139-66 

144-8 

149*25 

16 

60-96 

() 8-4 

77-0 

81-1 

00-45 

100-1 

108-3 

116-2 

121-3 

120*8 

J 31-7 

136-0 

20 

16*5 

67-6 

66*1 

73-1 

70*3 

88-7 

06 -7 

103*6 

lOD -6 

114-8 

119-6 

123-7 

25 

3 ( 1-7 

47-4 

65-0 

62-7 

68-7 

78-1 

8 , 5-7 

02-3 

98-2 

103*6 

108-0 

112*3 

30 

27-4 

37-8 

40-1 

62-8 

58-7 

67-1 

76-2 

81-7 

87-45 

02-5 

97-3 

lOL -6 

35 

18-.3 

28-7 

50-6 

43-25 

48*8 

67-7 

65-2 

71-4 

77-2 

82-0 

86-8 

91-1 

40 

- 

JO-O 

27*8 

34*1 

30-6 

48*2 

66-7 

61-8 

67-4 

72*3 

76 -D 

81*3 

45 
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26*7 

30 0 

30*4 

40-7 

52*8 

68-2 

631 

07*6 

71-9 

50 

— 

— 

— 

18-0 

22-0 

31-6 

38-1 

44-0 

49-0 

51-3 

58-8 

63-1 


F. M Raoult found the ^olubilily of ammonia in a 11-25 per cent. soln. of potaa- 
sium hyJf oxide to be at O’, 8**, and 24^ respectively, 72-0, 57-0, and 37-3 per cent. ; 
and in a 25-25 jier cent, soln., 49-5, 37-5, and 21-8 per cent. The solubility results 
with soln. of sodium hydi oxide were the same as with potassium hydroxide, 
K. Abcgg and If. Riesenfcld found that a litre of N-, and soln. of the 
poiassium hydroxide at 25° dissolves rpspcctivcly 0-652, 0-716, and 0-607 mol. , 
sodium hydroxide, 0-876, 0-789, and 0-716 mol ; and lithium hydroxide, 0-865, 
0*808, and 0-7G8 mol. H. Riosenfeld made observations with potassium and 
sodium hydroxides at 35°. C. A. Lobry de Bruyn found that 100 grins, of a sat. 
'iioln. of hjd/roxyhmir\,e contain 26 grins, of ammonia at 0° and 19-20 grms. at 
15°-1G°. A. Waller said that when potassium hydroxide is dissolved in aq. 
ammonia, bubbles of gas are disengaged, but ore reabsorbed in the upper portion 
of the liquid. B. Abcgg and H. Kesenifald found that at 25°, the solubilities of 
ammonia in mols per litre of A-, and IJA-soln. of the following salts are 
respectively as follow ; potassium fluoride, 0-839, 0*722, 0-626 ; potassium chlorule, 
0-930, 0-866, 0-809 ; sodium Monde, 0*938, 0-889, 0-843 ; and lithium chloride, 
0-980, 1-006, 1-045. H. Riesenfold made observations with potassium and sodium 
chlondes at 35". F. M. Booult found that a soln. of ammonium chloride absorbs 
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elighily ksa ammonia tban the same vol. of water. Continuing R. Alegg and 
U. Ricsenfpld’B obscrvationB at 25‘’, 'potassium bromide^ 0*9(30, 0*904, 0*R57 ; aoiium 
hromiit^ 0*960, 0*916, 0-890; lithium bromiA?^ 1*001, 1*040, 1*090; potassium 
ioAidv^ 0*970, 0*942, 0*900 ; s^ium iodide^ 0*995, 0*992, 0*985 ; and lithium todicfc, 
1*030, 1*094, 1-190. R. 0. E. Davis and co-workors sought a solvoiit for ammonia 
which would not attack metals. Soln. of ammonium nitrate were recom- 
mended hj B. B. Kuriloff, and of ammonium thiocyanate were recommended by 
H. W. Foote and M. A. Hunter; of the salts tested, lithium fiitrate alone forms 
a liquid with ammonia in the absence of water, whilst calcium nitrate tetra- 
hydrate liquefies in the presence of a little water. The ammonia contained in 
1 r.c. of the bthium nitrate soln. sat. at 24"" is eq. to 26-0 c.c. of 0-9r)A^-siilphuric 
acid, whilst that for the calcium nitrate soln. under identical coiirlitiuns is 18*5 c.c. 
of 0*95A^-acid. Yap. press, measurements have been made for the soln. 36*34 per 
cent, ammonia, 63*66 per cent, lithium nitrate, and for sev(Tal other mixtures 
containing 6-06-58*66 per cent, of water. The soln. of ammonia in lithium nitrate 
have no action on machine steel, iron wire, and mchrome wire after several months’ 
contact, but nickel steel shows a slight action after several mouths. The results 
show that a soln. of lithium nitrate in ammonia M'jIIi a small percentage of water 
sliould be a good absorbent for tlie removal of ammonia from mixtures of nitrogen, 
hydrogen, and ammonia. The absorption could be oilected at 0^, and a large propor- 
tion of the ammonia released either by a small iucrcase of temp, or by reduction of 
the press. I). P. Eonowalofi found that the solubility of ammonia in sidti. of sodi urn 
niiTaie^ ammonium mfrate^ and ^7rer diamminonifrateis nearly the ^a 1 ne as in water 
alone. Continuing R. Abegg and H. Kiesenfeld’s o\)^cTYB,fm\s,pfifa^Mum udratc gave 
0*923, 0*862, and 0-804; ani potassium mtritc, 0*920, 0-855, 0-7!lv8. F. M. llaoult 
showed that a soln. of sodium nitrate or ammomum nitrnfe absorbs nearly the same 
amount of ammonia as the same vol. of water. For a 28*38 ])cr cent. sidn. of cuki \m 
miraic, F. M. Raoult gave for the solubility at 0”, S*’, and 1 O'" resperti vi 1 y 1)0*25, 78*50, 
and 65-00 per cent, of ammonia ; and for a .59 03 per ceui. soln. of that salt, 101*5, 
84*75, and 70-5 per cent. II. Riesenfeld made obsnrvations on the solubility of 
ammonia in soln. of sodium and potassium carltonatcs at 35^ ; and K. Abi^gg and 
H. Riesenfeld, with the soln. and units previously employed obtained for potassium 
carbonate, 0-788, 0*050, and 0*551. G. S. Newth, and B. 8 I’roelor notici‘d two 
distinct liquids are formed when cone. aq. ammonia and a sat. soln. of potassium 
carbonate are mixed, and allowed to stand. With .soln, sut. at unlniary tenij)., the 
lower liquid dissolves about 37 per cent, by V(d. of ammonia, anil llie ii]ipi*r liquid 
about 6 per cent, nf the ])Dlassium carbonate soln. 
Working with an aq. soln. of ammonia of sp. gr. 0*885, 
and a soln. of potassium carbonate Srit. at 25 , the solu- 
bility curve of potassiimi carbonate in aq. ammonia is 
represented by AV, Fig, 36, and tliat fd ammonia in the 
potassium carbonate snln., by C7f. The curves meet at 
43^ BO that above that critical sidn. temp, tlie liquids arc 
miscible in all proportions. The rui^n*8 with 10 per cent, 
of water by vol. are shown at 7Ii, and the critical 

soln. temp, is now 25" ; and wdlh 1 2*9 and 18*1 per cent, of 
added water, the critical soln. temp. is respectively -10", 

and CV-O". H. Rie.scnMd measured the solubility of 
ammonia in Hoh.ot patassiim ac€tafc,tii\dpotassium oxalaie 
at 36". R. Abegg and H. Riesenfeld found that at 25" the solubility of anmioiiia 
in and l-hAT-soln., expressed in mol of ammonia per litre, was for jmtassium 

oxalate, 0*806, 0*771, 0*675 ; potassium acetate, 0*866, 0*765, 0*085 * potassium 

format?, 0*868, 0*760, 0*678 ; potassium cyanide, 0*926, 0-858, 0*802 ; potassium 

thiocyanate, 0*932, 0*868, 0*814 ; sodium suJphid?, 0-B87, 0*795, 0-726 ; potassium 

sulphite, 0-665, 0*768, 0-675 ; potassium sulphate, 0*675, 0-772, 0*678 ; potassium 

chromate, 0*866, 0-771, 0*676 ; potassium Imate, 0*814, 0*677, 0*500 ; potassium 
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hyirofhoifkuU, 0-860^ 0-749, 0-664 ; and for ^iV'-Boln, of rMaraie, 0-927 

mo] Nils ; fotasaium bromofo, 0-940 ; and jH^sium iodate, 0-961. Aocoiding to 
E, Woitz, ammonium salts of monobasic acids are in genszal more soluble in 
ammonia than in water alone ; those of polybasio acids are less soluble, and may be 
salted out of soln. by passing in ammonia gas. The dificrence is attributed to the 
formation of soluble ammonia additive compounds by monobasic salts, but not by 
polybasio salts. Fluoride, iodate, periodate, and borate behave as if the acids were 
polybasio, probably owing to polymerization. On the other hand, the persulphate 
and the ^thionate show the same effect as monobasio salts, possibly because the 
substituted hydrogen atoms are in two distinct branches of the structural mol. 

P. F. G. Boulky gave 33-3 parts for the solubility of ammonia in 100 parts of 
alcohol at 36° ; J. MUllci said that one voL of absolute alcohol dissolves 340 vols. of 
ammonia at 20” and 760 mm. ; and B. Pagliano and A. Emo said that ammonia 
is much loss soluble in ethyl, propyl, or amyl alcohol than it is in water. C. A . Lobry 
de Bruyn represented the solubility of ammonia in absolute methyl alcohol, expressed 
in grams pci 100 gims. of sob., by 

€• B* 10* 15“ 20“ ZB* so* 

« /CIIaOH . . 20-3 28-6 24-2 21-8 19-2 16-5 14 0 

. . 19-7 17‘6 150 13-2 1X5 lOU 8-8 

Ills results for absolute ethyl dcoh ol are also indicated. B. S. Nenbausen also studied 
the solubility of ammonia in methyl and ethyl alcohols. S. M. Delepine obtamed 
values for ethyl alcohol about 4 per cent, higher ; and he measured the sp. gr. and 
the solubility of soln. of ammonia b aq. sob. of ethyl alcohol. Thus, he obtained ; 





96 

00 

60 

60 

60 fior Dent. 

ojat 0“ 


• 

24-6 

30-25 

3i>-0 

50-4& 

69-77 

^ \at 30* 

a 

■ 

10-7 

11-4 

12-2 

21-2 

25-25 


Vide mpa, for the heats of sob. of ammonia in methyl, ethyl, propyl, and isobutyl 
alcoliola. W. llerz and II. Fischer measured the distribution of ammonia between 
amyl alcohol and water at 25° ; and, expressing the results in grams per lOU c.c., he 
found ; 

Aqueous layer ... 0-5 1-0 2-0 3-0 4-0 6-0 

Aluoholio layer . . . 0-072 0-147 0-272 0-438 0-595 0-758 

n. M. Dawson and J. McCrar, and A. Hanizsch and J. Scbalt foimd for the distribu- 
tion of ammonia between chloroform and water at 20° : 

Aqueous layer . 0-2 0-4 0-6 0-8 1-0 1-2 1-4 1*6 

Alcoholio layer . 0-007 0-015 0-023 0-031 0-039 0-U46 0-055 0-083 

II. M. Dawson and J. McCrae, D. F. Eonowabll, and W. Gaus also used sob. of 
various salts of the alkali metals, and of potassium, sodium, cupric, or barium, 
hydroxide in place of water ; and also copper sulphate, oopjier chloride, zinc sul • 
pliate, and cadmium iodide ; while M. S. Shenill and D. E. Russ examined the effect 
of ammonium chromate. W. Ilerz and A. Eurzer examined the distribution of 
ammonia between water and a mixture ol amyl alcohol and chloroform. Observa- 
tions on the distribution of aninionia between water and chloroform were made by 
T. S. Moore and T. F. Winmill, G. A. Abbott and W. C. Bray, and J. M. Bell 
J. 11. Hildebrand gave for the mobi fraction AT x 10^ of ammonia at 1 atm. press., 
and 25°, dissolved by ethyl alcohol, 2300 ; mothyl alcohol, 2730 ; and water, 3300. 

Ammonia is readily soluble in ether ; A. Christoff said that one vol. of ether at 
760 mm. dissolves 17-13 vols. of ammonia at U° ; 12-35 vols. at 10° ; and 10-27 vols. 
at 15°. N. T. do Saussuie found that one vol. of turpentine dissolves 7*5 vols. of 
ammonia at 16° ; one vol. of oil o/feiwn, 8-5 vols. at 16° ; one vol. of oil of rosema/ry, 
9*75 vols. at 29°; onevol.ofoiIo/fawmfcr,47vDls.ai20°; mi one vol. of petroleum, 
0*4 vol. of ammonia. L. S. Eubio found that mineral oil at room temp, dissolves 
0*071 c.o. of nitrogen per o.o. of oil A. Hantzscb and A- Vogt found that the 
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difltributioii of azninonia in gramB per 1000 o.o. between UAume and air is at 0°, 
0-366 and 0'0396 gim. ; at lO”, 0-367 and (H)4S6 gmu ; at 20^, 0-326 and 0O461 
gm. ; and at 30”, 0*286 and 0-0462 gnn. 0. showed that one vol. of 
absorbs 3 Tok. of ammonia ; 0. Ganqnil, that a litre of ct/doliexandl at 
and 765 mm. preu. diasulYes 28166*66 o.o. of ammonia ; and C. Gerhardti that 
tokrol absorbs much ammonia. 

Recently heated eiarcoal was found by N. T. de Baussure ^ to absorb consider- 
able quantities of ammonia, and J. Hunter showed that the raising of the temp, 
lowci^ the vol, of gas absorbed : 

0* 6* 10- IB* 20* 25- 80* 8B* 

VolB. NH, . 170'7 169*6 163-6 157*6 148*6 140*1 131*9 123*0 

and the raising of the press, increased the vol. of gas absorbed : 

p . . 760 1104-3 1178-0 1269-2 1869*6 1486*6 1706-1 2002 6 2008*6 

Vole. NH, . 170*7 174*3 176*0 178*2 IBO-B 183-5 lSS-7 196-7 200-8 

G. G. Longinescu and C. N. Theodosn, H. Fransen and 0. von Meyer, F. A. Favrp, 
P. ChappiuB, 0. Bufi and G. Rosner, R. Chapbn, A. Magnus and C. Cahn, and 

E. W. R. Ffeifior ako studied the eficcts of temp, and press.— tndr 5. 39, 9- and 

F. G. Keyes and M. J. Marshall gave 6466 cak. per mol for the beat of absorption 

on charcoal. F. Chappius examined the absorption of ammonia by aslesfos and 
meerhchaum; E. H. Jenkins, by gypsum; L. Y. Davidheisei and W. A. Patrick, 

by silica gd ; L. A. Munro and F. M. G. Johnson, by alumina ; and N. Nikitin, 

by alumina, chromic oxides ani ferric oxide; D. H. Bangham and F. F. Burt, and 
M. Crespi and E. Moles, by gloss; R. Seeliger, by dehydrated chahazUe; and 
W. A. Dew and H. S. Taylor, by copper, nickel, and iron. J. D. Edwards and 
8. F. Pickering found that if the permeability of rMer to hydrogen is unity, the 
vals2e for ammonia is 8-0. 

In Lbo following survey of the behaviour of diffsient BubBtances in liquid ammonia, 
the obBervatioDB of G. Gore * are indirated by " G.," and those of K. C. FraiiKliii 
and DO-workerB, by F.*' ; v.b. is pul for very soluble ” ; b. for Boliible ; b.b., " spar- 
ingly Boluble ; n.B. for ‘‘ insoluble " ; and m. for mifiCibJe. ' Aluminium t metal, 
n.B., G. ; chloride, n.B., F. ; acetate, n.B., F. Ammonium: acetate — L. Troost; anienatc, 
n.a., F, ; bromide, v.b., F. ; borate, b.b., F. ; bromide, v.b., F. ,* carbonatoi n.a., G. and F. ; 
chloride, v.b., G. and F. ; chromate, b.b., F. ; hypophosphate, b., F. ; iodide, v.b., F. ; 
molybdate, n.B., F. ; nitrate, v.8., G. and F. ; orthophosphate, n.B., F . ; solonate, n.B., F. ; 
sulphate, n.B., F. ; sulphide, v.b., F. ; thiocyanate, V.8., F. ; vanadate, ii.b., G. ; oxalate, 
n.B,, F. ; oxahirate, b., F. ; and thionurate, b., F. H, MoiBSon found Bulphammonium 
easily Bolubls in liquid ammonia ; and E. Bengode, ammonium carbamate to l)o soluble. 
H. Stamm diBCussed the solubility of ammonium Balte in ammonia. Antimony : mntal 
n.B., G. ; bromide, v.b., G. ; trichloride, bwbIIb, n.B., G . ; fluoride, bwbIIb, n.B., G. ,- iodide, 
reootB, G . ; oxide, n.a., G. ; hydrated pentoxide, b.b., G.^soe A. Rosenhoim and F. Jocob- 
Bohn ; oxybromidc, b.b., G. ; oxychloride, unchanged, G. ; rod sulphide, n.B. • orange 
Bulphide, B., G. ; black sulphide, n.B., G. ; tartrate, n.B., F. ; and potoBsium pyroaiiti- 
monate, n.B., G. AlSenlO : metal, n.8., G. and F. ; amide, n.B., 0. Hugot arsonious acid, 
n.B., G. and F. ; potassium arsenide, n.B., 0. Hugot ; orBenic acid, b.b., G, — see A. Rosen- 
heim and F. Jacobsohn ; tribromide, Bwells, 0. Hugot ; trichloride, reacts, G. and F, ; 
auripigmentum, b.b,, G. and F. ; end realgar, s., G. Bulum : metal, n.B., G. A. Guntz 
and R. C. Mentrel ; amide, n.8., R. 0. Mentrel ; oorbonyl, n.B., R. 0, Mentrol ; ohlonde, 
Bwdls, n.B., G. and F. ; nitrate, v.b., G., b., F. — see F. Friedrichs j nitride, n.e., R. C. Mentrel ; 
oxide, n.B., Q ; hydroxide, n.B., G. and F. ; Bulphate, n.B., G. and F. ; and acetate, b.b., F. 
BoylUum ! carbonate, chloride, oxide, and BUiphate, n j., G. BIsmoUl : metal, n.B., G. ; 
oorbonate, n.B., G. ; i^nde, b., G. ; oxychloride, n.B., F. ; fluonde, n.B., G. ; hydroxide, 
n.B., G. ; iodide, b.b., F. ; nitrate (soluble in presence of ammonium nitrate) and sul- 
phi^p n.B., G. Boron : element, njt,, G. ; amide, b., J. A, Josnnu ; chloride and bromide, 
react ; iznide, n.B. A. Stock and M. Blix's, and J. A. Joannia' unide is soluble in the presence 
of sulphur ; nitride — see A. Stock and M. Blix ; oxide, n.B., G. ; boric acid, b.b., F. ; and 
Bulphide, reaclB, A. Stock and M. Bhx, GadmlOffl : bromide, n.B., Q, and F. ; corbmate, 
n.a., G. ; chloride, n.a., G. and F. ; fluoride, n.B., G . ; iodide, n.B., G., 8.B., F. ; nitrate, e., 
F. ; Bulphate, n.a., F. ; and sulphide, u., G. and F. Cseilum ; metal, v.b., H. MoiBsan ; 
aJunip n.B., F. ; ooetyli^, b., H. Moiman ; oarbide — see H. Moiaaan ; and hydride, reaota, 
H. MoiBBon. Caldum: meUd, djb., G., b.b., H. Mousan,* omide-^flee H. MoiaBoni 
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bromide* lA * F. ; otribonete, hj.* F. ; ehloride, nJ.* F. and 0. ; niirato, t.b., F. ; oxide, 
orthophoepbAte, sulphide, eolphite, formate, and butyrate, n^., F. ; jiolysulphide, a.s., 
H Ifoimen ; and acetate, ej., F. Carbon : wood-charc^, and ijraphite, n.B., G. ; 
oftfbonyl ohloride, reacts. F. ; dioxide— see !>!. Hengads ; monoxide -see J. A. Joannis; 
haxarhloride, n.b., G. ; tetrabromido, va, Q. ; tetrachloride, m., 0 and P. ; disulphide, 
G. and F. ; acetylene— see H. Moissan; amylene, not mwcibie, G.; diisoamy- 
bns. n.B., F. i hexBUB, ii.s,, P, ; paraffin, n^s., G. ; bensene, s., F. ; naphthalene, b.b., 
a. wd F. ; and anthracene, n.B., Q. and F. Cerium nhloridc, fluoride, and oxide, n.B., 
G . ; and nitrate, b.b., G. and F. Clmmlam : chlorido, swells, b.b., 0. ; fluoride, nji., G. ; 
Dhroxnic arid, Bwellfl, b j., Q., B.s., F. ; and chrome-alum, da., G.— Bee A. Kosenheim and 
F. JacobBohn. Cobatt ; carbonate, n.B., G. ; chloride, and BuJphate, n.s., F. and G., 
bwoIIb, G. ; fluoride, n.s., D. ; nitrate, b., F. ; and oxide, nA.« G, and F. ColnfflUnm : 
oolombio acid, nA., G. CopiMr : metal, roaote, G. and F. ; ammonium ohloride, ba., F. ; 
arBenate, and arsonite. n.B., F. ; carbonate, n.s., G. and F. ; chloride, bwcUa, n.s., G., and 
nA. A. Bouzat ; ouprouB chlorido, ba., F. ; chromate, nA., G. ; cyanide, b., G. ; cuprouB 
ryenido, b., G. ; ferrocyanide, da.. G. ; fluoride, n.8., G. ; cuprous iodide, da., G. ; va., 

F. ; nitrate, VA., F. — see F. Friedrirha ; oxide, reaoie, O. and F. ; ouprnuB oxide, reacts, 

G. p phosphate, n.8., G. ; cryst. Bulphate, n.B. ; anhydrous sulphate, da.. bwoLIb, G., ha., 

A, Bonzal ; sulphide, n.a. ; acetate, ba., F. ; formate, b.b., F. ; and benzoate, b., J. A. Joon- 

nis, Didymlum ; nitrate, s., F. Gold : oliloride, reacta, ba., 0, Indium : metal, 
n.s., G. : black oxide, n.a., F. lodlllB : element, b., F. and G.— see F. Friedrichs ; iodio 
acid, G. and F., and nitrogen iodide, nA., C. HugoU Illdlum ; polossium chloro- 
iridale, osmium -iridium alloy ; and iridium oxide, ha., G. Iron : metal, n.s., G. ; fen-io- 
bromiilo, s.8., K. ; iodide, v.b., F. ; pyrophosphate, nA., F. ; and sulphate, swells, nA., U. ; 
/rrroi/s-potasRJum cyanide, no ohan^, G., n.a., F. ; sulphate, n.B., F. ; sulphide, n.s., F. ; 
Inctale, s.s., F. ; valerianate, b.b., F. Lantbannm: sulphate, n.s., G. Lead: metal, 
n.s., G. ; bromide, s., F. ; carbonate, n.a., F. ; chloride, bwoUb, n.B., G., b.b., F. ; chromate, 
n.B., G. and F., dichrcmate, b.a., U. and F. ; fluoride, n.a., Q. ; iodide, b.h., G., v.b , F . ; 

nil rale, b.b., G. and F. — eeo F. Friodiii-ha ; litharge, n.B., F. ; red-lead, da., G. and F. ; 

dinxida, n.s., F. ; galena, nA., F. ; acetate, v.s., F. ; formate, a., F . ; and tartrate, n.s., F. 
Uthlum : metal, s., G., F., and H. Moisaan ; emido, b.b., H. MoiBsiui ; antimonidn, h., 
F. L<>beau ; bromide, s., F. ; carbonate, u.B., F . ; chloride, B.R., F. ; iodide, V.s., F. ; methyl 
ammonium, s,, H. Moissan ; nitrate, v.s., F. ; benzoate, v.h„ F. ; and salicylate, va., F. 
Magnediim : inetol, n.B., G. ; bromide, BA,, F. ; carbonate, n.s., F, ; oxychloride, b.b., 
F. ; cyenamide, 8., F. ; iodide, v.8., F. ; nitrate, v.r., F. ; oxide, phosphate, sulphate, 
sulphide, and Hiilphile, n.s., F. ; acetamide, s., F. ; and benzoy-sulphamido, s., F. Man- 
gansae : metal, n.s., G. ; broniidn, and carbonate, n.B., G. and F. ; chloride, n.B., G. and 
F, ; fluoride, ii.R., G. ; iodide, B., F. ; nitrate, v.8., F. ; sulphate, nA., G. and F. Mercury : 
metal, n.s., G. ; bromide, b.b., reacts, G. ; chloride, B., G. and F. ; mcrcurouB chloride, 

v.'i., (J. ; cyanide, v.s., G. and F. ; iodide, v.b., G. and F. ; mercurous iodide, v.s., F. ; 

nilraln, s., U. ond F., reacts, G. ; mercurous nitrate, v.s., G. and F. ; yellow oxide, nA., F. 
and G., but soliiblc in the prasonen of ammonium nitrate ; rod oxide, n.H., G. ; mercurous 
oxiiln, n.R., F. ; tliior-yanate, v.s., F. ; sulphate, b.o., G., nA., F . ; cinnabar, nA., G. ; ful- 
minate, V.S., F. ; and mercurous arotato, va., G. and F. Molybdenum : motal, nA., G. and 

F. ; molybdic acid, n.s., G. and F. ; and sulpliido, n.s., Q. — Beo A. KoaonliDim and F. Jaenb- 
Bohn. Nickel : metal, n.B., G. ; cldorida, bwoUb, G., n.s., G. and F. ; fluoride and hydroxide, 
n.R., G. ; nitrate, b., F. ; oxide, nA., G. ; and BuJphaie, n.B., F. Nitrogen I no reaction, 
J. A. Joannis ; nitric and nitrous oxides— see J. A. Joannis ; iodide, n.B., G. Hugot. For 
ammonium iodide, bromida, clJoride, ozido, and oarbonate, and hydroxy lammo chloride, 
and hydrazina chloride— see F. Friodrichs. Osmium : metal, n.s., G. ; oammm-iridium 
alloy, nA., G. ; and osmic acid, roasts, G. Palladlnm ; metal, n.a., G. ; chloride, s.b,, 

G. ; and sulphide, n.B., G. Phoiphorus: red, n.B., G. and F, ; white, b., G. and F; 
tnchloi ide, roautfl, G. and F. ; pontochlorida, reacts, F., v.b., G. ; pontoxide, b.b., G., n.s., 

F, ; amido-Boa J. A. Jooniiis; nitride— sco A. Stock and B. Hofmann; hydrido— boo 
J. A. JoaimiR ; phosphoric acid, no change, and pentasulphido, s., A. Stock and B. Hoff- 
mann. Platinum : metal, n.s., G. ; plalinous chloride, h.b., G. ; chloride, b,b., G. ; 
indide, V.B., G. ; and oxide, n.s., G. Potisslum : metid, s., G. and F. ; amide, v.s., 
J. A. Jnnnnis, pyroaniimonate, n.B., F. ; arsonida, s., 0. Hugot ; teirarsonida, v s., 

G, Hugo! ; bromide, ba., G., b., F. ; carbonate, n.B., F. ; carbonyl — see J. A. Joannis ; 
chlorate, B., F. ; chloride, b.b., G. and F. ; dhloroiiidate, nA., F. ; chromate, b.b., G., ha., 
F. ; dichromatc, 6.B., G. and F. ; cyanate, va., F. ; cyanide, n.B., G. ; b., F. ; fairout^ 
cyaniclo, n.s., G. and F. ; fluoride, B.8., G. ; fluosilicato, n.B., G. ; fluoziroonate, n.B., G. ; 
hydride — see H. Moissan ; hydroxido, ii.h., F. ; hypopliosidute, b.b., F. ; iridate, n.s., G. ; 
iodaie, ii.b., F. ; iodide, ba., G. and F. —hob F. Friadricha ; nitrate, ba., F. ; nitrite, b.b., 
F. ; oxide, dioxide, and tetroxido, ii.s., F. ; permanganate, va., 0. and F, ; raetaphoapliato, 
n.a., F. ; pentaphosphida, va., C. Hugot ; hydrophosphido, b.b., J. A. Joannis ; thiocyanate, 

B. , G. and F.— Bee F. Friedrichs ; solonide, n.B,, 0. Hugot ; tetraseleiude, b., 0. Hugot ; 
Buiphamide, v.b., F. ; sulphate, n.B., F. ; sulphide, b., F., n.B., C. Hugot ; pantasulphide, 
B„ G. Hugot ; sulphite, ha., F. ; telluride, ha., C. Hugot ; trinitride— see J. A. Joaonia ; 
tritelluride, b., G. Hugot ; acetate, b.b., F, ; ethyl sulphate, va., F. ; benzolBulphate, b.. 



INOBGiNIC ABD THEOBETICAL CHEHIBIBT 


ao2 

F. ; orthonitrophBiioIfluJphatef tu, F. ; nitroprussidef v.8.p F. ; formate— ba 9 E. Bengado ; 
oceiomidep v.a.p F. ; benzamide, s.. F, ; beneoyisuJphamide, 8.. F. ; ureap B.p F. m-methoxy- 
benKoylsulphamidep 8.B.p F. ; phonyUretamidop v.B.p F , ; Baochorinep B.p F. ; and p-toJuo- 
Bulphamidop b.b.p F. RuUdlum : meiolp b., Q., F.p and H. Moisaon ; acotyJide, B.p H. Moib- 
Bon ; carbide — see H. MoisBOn ; chlonde, 8.8., F. ; and fluoride, n.s., (i. Selenium : no 
ohongn, G.p B.p F. ; n.s., G. Hugot ; selanious acid, n.s., Q. ; brIbiuc acid, n.B., F. Sliver : 
metal, n.B.p G.; arBenate, n.a.p G.; bromide, swolifl, b.b., G., a., F. — see F. Friedricha; 
carbonate, Hwelia, n.B., G., n.B., F. ; chloride, bwhJJb, G., b.b.p F. — see F. Friedrichs ; chro- 
mate, n.B.p Q. ; oyimide, v.b., G. and F. — boo F. Friedrichs ; fluoride, s.B.p G. ; iodaie, n-s., 

G. ; iodide, v.s., G. and F. ; nitrate, v.b., G. and F. — see F. Friedrichs ; nitrite, v.a., F. ; 
azide — see F. f^edricha ; oxide, bwsIIb, n.R.p G. ; n.i., F. ; dioxide, n.s., G. ; phosphate, 
n.B., 0. ; sulphate, swells, n.B., G., n.s., F. ; vanadate, n.R., G. ; acetate, B.8., F. ; and 
thioethylrarbaniate, n.a., F. SlUoon : amide, n.8., E. Vigouroiix and G. Hu^ot ; disulphido, 
reacts, M. Bllx and W. Wirbelauer ; aulphochloride. reacts, M. Blix and W. Wirbelauer ; 
Sulphourea, n.B., M. Blix ; tetrachlnride, reacts, M. Blix and C. Hugot ; cryalalline silica, 
n.B., G. ; precipitated ailica, njt., G. Sodliun : metal, a., G. and F. ; amide, and anti- 
monide, B.8., J. A. tToaimia ; orbenido, s., G. Hugot; diborate, n.B., F. ; lead alloy, a., 
J. A. Joannia ; broinate, a., F. ; bruznide, v.8., F. — ^for sodium bromide, and azido, aee 
F. Friedricha ; rorbide, s., H. Moisaon ; carbonate, nj., F. ; carbonyl— see J. A. Joannia ; 
chlorate, V.8., F. ; chloride, b.b., G., a., F. ; dichromaie, b.b., F. ; hydroxide, n.a., F. 
N. TchitchinB<lz6 found 2'5 mgrms. of aoduim hydroxide are diflsolved per 1000 grms. of 
liquid ammonia, or 1*8 mgrms. per litre, and the aelubillty is much augmented if moisture 
be present; hyiienitnte — see J. A. Joannis ; hypophosphato, s.a., F. ; iodide, and nitrate, 

B. B . : trinitride, J. A. Joannis ; nitride, v.b., F. ; oxide, dioxide, and trioxide, na., J. A, Jonn- 

tiis ; pormangoiiate, a, ; pyrophoapliate, n.s., F. ; triphoaphide, vjb., C. Hugot ; phoa- 
phomolybdate, n.B., F. ; hydrophoaphide, a., J. A. Jearmis ; and b.b., C. Hugot ; 

aelenide, n.8., C. Hugot, totrasoleiiide, a., C. Hugot ; sulphate and hydrosulphato, n.H., F. ; 
■ulphide, n.a., (?. Hugot ; pentasulpliido, b., G. Hugot ; Bulphite, n.B., F. ; tollurido, n.B., 

C. Hugot ; trilelluride, 8., C. Hugot ; thioauiphalo,B., C. Hugot ; bismuthidc, b.b., C. llugob; 
tungstate, aa., F. ; acetate, b.b., F. ; formate, b.b., F. ; cihylsulphate, v.b., F. ; benzoyl - 
Bulphinaie, s., F. ; carbamate, u.b., £. Itongada ; citrate, u.b. ; propionate, b.b., F. ; sali- 
cylate, V.B., F. ; valerianate, lua., F. ; and o-xylenoaulphinale, b. Strontium : metal, 
n.s., G., S.R., A. Gimlz; carbonate, n.s., F. ; chluiido, n.s., F. ; iiiliate, v.a., F. — Bue 
F. Friedrirhs ; and sulphate, n.a., F. Sulphur t elomout, a., G. and F. — aee F. Friodricha ; 
chloride, a.. G. and F. ; iodide, v.r., F. ; carbide, roacth, G. and F . ; nitride, v.h., 0. Ilufl 
end E. Geibol ; sulphamido, v.a., F. TeUmium : a.r., F., G., and G. Hugot ; nitride — ac^e 
R, Metzner; tetraohlorlile, reacts, R. Metznor. ThaUlum : motal, n.8,, G. and F. ; 
chloride, ii.a., F. ; fluorido.n.B., G. ; nitrate, h., F. ; jicroxido, n.B., G. Thorium Rulphato. 
n.B., G. Tin : metal, monoxido, and dioxide, n.a„ G. ; dicliJoride, a., G. — aoe F. Friedrichs ; 
and tetrachloride, v.a., G. Tit^um: nitrocyonido, block oxide, and dioxide, n.a., G. ; 
and tetnichloride — aee M. Blix. Tungsten: motnl and oxide, n.B., G. — aoe A. iioRonhr'im 
and F. Jacobaohn. Uranium fluoride, b.s., 0., nitrate and oxide, react, G.— aoe 

A. RoBfinlieim and F. Jacubnulm. VanaiUuin : nitnde and oxide, n.R., G. Zino : bromide, 
Bwella, ii.a., G., a.H., F. ; riu-bunato, ii.a., F. ; cldonde, awelJs, n.s., G., ii.b., F. ; chromate, 
n.8., F. : cyanide, h.b., G., v.b., F. ; forrocyamidD, a.a., F. ; fluDiidn, n.a., G. ; lodido, 
swells, n.B., G., s., F. ; nitrate, 8.H., F. ; oxide, phosphate, sulphirle, and aiilphntn, n.a., F. ; 
aoetate, a., F. ; lactate, v.b., F. ; and tartrate, n.a., F. Zirconium : metal, and oxide, 
n.B., O. ; and tetrachloride — boo M. Blix. 

ills following qualitative obbnrvations on the action of liquid ammonia on organic 
compoundfl arc mainly by Pj. C. Franklin and C. A. Kraua, those in brackets are by G. Gore. 
Ahphattc compoundfl . — Halides : methyl iodide, m. ; cliloroform, reacts, and m. ; 
bromoform, m. ; iodoform, v.a., ethyl bromide and iodide, b. ; etJiylniio bromide, a. ; 
eUiylidone chloride, m. ; iaobiil}! bromide, 6.; amyl bromide, b.b.; iribroinomothonc, 
v.a. ; nitrotricldoromothano, in . ; percblorootbaiio (n.A.) ; porclduruolliyloiie (m.) ; 
dichloroocetylene (b.). Alcohota : methyl, m. ; ethyl, m. ; propyl, m. ; normal butyl, 
m. ; isobutyl, m. ; tertiary butyl, m. ; amyl, m. ; hoptyl, ni. ; octyl, ni . ; cetyl, n.8. ; 
ethylene glycol, m. ; propylene glycol, m. ; glycerol, m. ; erytlirite, b.b. ; dulcitc, a.s. ; 
and mannite, s.b. Ethers : diethyl ether, m. ; dinmyl other, b.b. ; and inothylal, m. 
AldBliydH : acetaldehyde, m. ; pareddehyde, m. ; aldehyde ammonia, a. ; cliloral hydrate, 

B. ; bromal hydrate, v.a. ; chloral cyonliydrato, v.h. ; isobutyl aldehyde, v.8. ; valersldo- 
hyde, v.a. ; hepbylaldoliyde, s. ; glyoxal, n.B. ; pinocono, v.b. ; and oxymotliylono, n.a. 
MonobaslB acids : formic, m. ; acetic, a. ; chlorocolic, v.b. ; dichloracetic, v.b. ; tri- 
chloracetic, v.a. ; bromacotic, v.a. ; dibromocptic, v.h. ; propionic, a. ; a-bromopropionio, 
V.B. ; ^-bromcpropiouic, a. ; normal butyric, b. ; isobutync, v.s. ; volononic, b. ; cupronic, 
B . ; cBnantholic, b.s. ; eapryhe, 8 .b. ; caprinic, a.a. ; ijolargouic, n.s. ; mynatinic, n.B. ; 
palmitic, nji. ; morgaric, n.s. ; and stuaric, n.B. DIbule adds : oxalic, n.B. ; malonic, 
nJi. ; succinic, n.B. ; pyrotartaric, n.a. ; diacetylauccmin, v.s. ; and dibromosucDinie, s.s, 

: ethyl formate, m. ; amyl fonuato, m. ; aoetoacetic, m. ; propyl acetate, m. ; 
iBobuty] acetate, m . ; amyl acetate, v.b. ; capryl acetate, s.s. ; methyl propionate, m. ; 
propyl propionate, v,B. ; amyl propionate, s. ; metliyl butyrato, m. ; ethyl butyrate, m. j 
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mnyl ImtjrAtey i.a. ; iaobiit 3 rl butyrate, ■. ; ethy] valeriate, t.b. ; amyl valeriata, a.e. ; 
jBobutyl valeriatey ■. ; ethyl caprylate, b.b. ; ethyl pelargonate, b.b, ; ethyl oxalate/ nj., 
foixning oxamide; othy] znalonate, m. ; ethyl succinate, m. ; ethyl lactate, m. ; ethyl 
tartrate, m. ; ethyl citrate, m. ; ethyl carbonate, m. ; tributyrine, m. ; and amyl nitrite, a. 
Cyanogen compounds : me^yJ and ethyl cyanides, m. ; oyanurio acid, s. ; ethyl thiOT 
oyanate, m. ; ethyl isothioovanate, v.b. ; and paracyanogen, n.B. AddIubb : methyl, m. ; 
trimethyl, m. ; diethyl, a. ; dipropyl, a. ; amyl, m. ; diamyl, b.s. ; tetramethylammonium 
chloride, b.b. ; tetramethylammonium hydroxide, b.b. ; tetramethylammonium iodide, b.b. ; 
and hydi-oxylamine chloride, v.b. Amide -adds : glycine, amidopropionio acid, leucine, 
Barcoaine (methyl glycerol), and tryosine, v.b. Acetamide and oieides : formainide and 
acetamide, v.b. ; dichloroaoetamide, cyanacotanu'de, thioacetamide, phenylacetamide and 
propionamide, v.b, ; oxamide, b.8. ; Buocinamide, b.8. ; asparagin, creatine, and urea, b. ; 
urea nitrate, thiourea, alkyl thiourea, luuthane, allylthiourethwe, and Bulphooarbanilide, 
yjB. ; uric acid, 8. (n,8.) ; guanidine nitrate, v,b. ; theobromine, alloxantine, parabanio 
acid, and dialurio acid,B. ; uranil,v.B. ; murexide, B. ; and alloxan, v.b, Hydroxy-^dl : 
glycolic acid, v.b, ; lactic acids, vja. ; malonic, acid, bjb. ; tartaric acid, b.b. ; citric acid, 
B.B. ; muconio acid, b. ; and oxyiaobutyrio acid, vs. Sugars ; cane-sugar, v.b. ; ara- 
binose, b. ; glucose, v.b. ] fnictoae, v.b. ; galactoae, b. ; phenylglucosazone, lactose, 
ludtoBe, and raffinose, v.b. Etbylono deriv^ves : amylene, n.m. ; allyl alcohol, m . ; 
allyl iBothiocyanate, m. ; oleic acid, n.B. ; maleinio acid, n.B. ; fumario acid, n.B. ; 
citraconio acid, b.b. ; iiaconic acid, n.8. ; mesaconio acid, b.b. ; aconitic acid, b. ; and 
orotonic acid, a. 

Aromatic compounds . — Hydrocar1)ollB ; benzene, B. ; toluene, b.b. ; c-xylene, in-xylene, 
p-xylene, and ethylbenzene, b.b. ; meaitylane, n-a . ; oumone, paeudocumene, cymene, 
diphenylmeihane, and triphcnylmethane, n. 8 . ; and diphenyl, b.b. Halida ; chloro- 
boiizene, bromo benzene, iodo benzene, hoxachlorobenzene, dibromobenzene, and p-chloro- 
toluone, B.B. NltnHCompounds : nitrobenzene, v.a. ; dinitrobenzene, b. ; o-nitrotoluene, 
s. ; p-nitrotoiuene, as. ; 1-2-4-trinitrotoluene, b.b. ; triuitrotolnanB, b. ; and p-nitn>- 
chlorobenzone, b.b. ; and fn-nitro-p-clilorotoluone, b. Amido-oompounds : aniline, m ; 
o-tuluidine, m. ; p-toluidine, v.a. ,* fii-nitro-p-toluidine, v.b. ; aaymmetric fTvxylidine, b.b. ; 
dimethyl- and diothyl-ojiiline, b.b. ; methyl diphenylamine, b.b. ; m- and p-nitraniline, v.b. ; 
and picramide, v.fi. Phenols : phenol, v.a. ; o-, m-, and p-croflol, m. ; pyrocatechol, 
lUflorcinol, hydrequinone, pyrogallol, orcin, and thymol, v.B. ; guaiacol, anisol, andphenetol, 
m. ; and menthol, B. SubstitutBd phenols : o-, p-, I-2-4-, and tri nitrophenol, vs. ; 
p-nitroaniBoI, b.b. ; eugenol, fi. ; aneihol or phenethol, as. ; and o- and p-amidophenol, v.b. 
Alcohob, ethers, and aldehyda ; ben^l and cinnamic ^cohob, m. ; benzylethyl ether, 

a. B. ; benzaldehyde, v.b. ; auisaldehyde, m. ; m-nitrobenzaldohyde, v.8. ; ciimamic alde- 
hyde, m. ; vanillin, v.b. ; and hcliotropine, v.b. Monobasic adds • benzoic, benzoic 
o^ydride, and o- and m-teluiu, v.6. ; p-ioluio, e. ; cinnamic, b. ; m-bromobeiizoio, v.b. ; 
0 - and m-nitiobenzoic, B. ; p-benzoic, b.b. ; o-, m-, and p-amidobenzoic, v.b. ; o- and m- 
oxybonzoic, B.a. ; p-oxybenzoic, a.8, ; c-nitrocinnamic, v.b. ; and nitrophonylpropiolic, 
gallic, anisic, and cumoiic, b. DIabasic acids : o- and p-phihalio acid, b.b. ; and phthali- 
mido, V.B. Esters : methyl benzoate, m, ; ethyl benzoate, v.s. ; isobutyl benzoate, ^d 
amyl benzoate, n.B. ; methyl ealicylate, e. ; phenyl and benzyl cyanidea. m. ; p-tolyl oyanide, 
V.B. ; phenyl acetate, m. ; phenyl saJicylote, 8.a. ; phenyl iaoBulphocyonate, s. ; and 
eihylphenyl uiea, v.a. Sulpboadds ; boiizciie Bulphochloride, reacts ; o-amidobenzene 
Bulphofiic acid, v.b. ; m- and p-amidobenzenesulphonic acids, v.s. ; bonzosulphinio acid, 
and saccharino, b. Arid amides and acid anilldeB ; formanilide, and acetanilide, v.b. ; 
p-BCOtotoJuidiiio, B.8. ; boiizuinich3,audp-chlorobenzainide, v.b. ; benzauilide, b.b. ; hippurio 
anirl, v.s. ; benzoylBulphamide, v.a. ; m- and p-methoxybonzeneBulphanude, and toluene- 
■ulphamide, v.b. ; and oarbazol, s. Naphthalenes : naphthalene, b.b. ; a-naphthol, b. ; 
^-uuphthol, B.B. ; n-naphthylamine, v.b. ; ^-naphthylomine, a. ; nitro-jS-naphthol, b. ; 
and acBtonaphtbylomine, b.b. Pyridine and quinoline : p^dine, picohne, and collidine, 

m. ; uicotiiie, b. ; quinoline, m. ; isoquinoline, b.b. ; and dlhydrocollidine dioarbonate, b.b. 
Terpenes : teraboue, n.B. ; corveno, and carvol, b.b. ; pinene, Bylvestrene, and turpentine, 

n. B. ; bomeo camphor, b. ; and camphoric add, n.6. MlscellaneOUB : acetophenone, and 
alizarin, a.; amygdaline, v.b.; ontliracena and anihroquinone, n.B. ; gun-cotton (b. 8.) ; 
bonzil, B. ; benzoin, n.B. ; brucine, b. ; quinine hypophospluto, B., iodide, n.B., uid 
Bulphato, n.B. ; quinoue, and chloraiiil, a. ; cholesterin, u.s. ; cinchonin, n.B. ; cinchonidine, 

b. 6. ; coctune, n.B. ; cocaine cliloride, b. ; oodein, b. ; codein nitrate, ii.b. ; cubebin, v.a ; 
digiialin, v.b. ; fiBh-glue, syrupy ; gum arable, a. ; guttapercha, reacts ; baBinqglobin, 
B.B. ; hscmatoxyline, b. ; indigo (b.b.); camphor (v.b.); copal resin (6.B.); mMonine, 
morphine, and narcctine, n.B. ; phenanilirone, n.B. ; phloiidiziiie, and ^-phtholdiadoxime, 
V.B. ; piperidine, b.b. ; pipeHne, n.B. ; Balidne, v.6. ; santouine, n.B. ; fiilk, n.B. ; Btarch, 
Bwellfi ; strychnine, acetate, bromide, and chloride, n.B. ; tannin, b.b. ; and thelne, b.b. 

F. de Carli obtained the following resultB for the solubilitieB of voriouB oiganio 
compounds in liquid ammonia : Benzene, b.b., colourleBB ; toluene, b.b., colourleBfl ; ethyl 
benzene, n,B., colourlesB ; nitrobenzene, 24 per cent,, yellow ; cumene, B.B., yellow ; propyir 
benzene, n.s, ; m-a^ylcne, b.b., colourlcsB ; dinitrobenzene, 19 per cent., r^; p-nitrSchloro- 
hnune, B. 8.1 violet ; p-dibromobensene, m. s o-mtrobensme, B.B., camune ; cimme, b.b,« 
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yellow ; menilylenet b.b., poIoutIbbb ; dinUrotoluene, B h., bloo ; jwEudocumm€, b.b., yellow ; 
biUylbentene {terL), ii.b, ; h^xachtordbmzfnBf n.8. ; rrAdirnttfiylcycloherme, n.B. ; fuipJuhalene, 
n.B. ; a^itronaphihaUne, b.b., rod ; Ulrcdiydronaphihalenit Q-b. ; derahydr<maphihaim% n.B. ; 
fluorene, n.B. ; anthracene, n.s, ; phenanthrene, ilb. ; dibmzil, n.B. ; ehlbene, s b., oolourlesB ; 
dijdienyltncthme, n.s. ; triphenylmethane, n.B. ; oce/oTuip/rf/icne, n.B. ; henxyl alcohol, m., 
cdiourlcBfl ; menthol, 1 6 per ernt., colourleas ; benzoic tUd^ydo, 82 per cent , yellow ; Balirylie 
aldehyde, b.b , yellow ; anteic aldehyde, 70 per cent., yellow ; ctnnaTm'o aldehyde, yellow 
curntnic aldnhyde, b,b., yellow ; acetophenone, b.b.| coloiirleBS ; benzylacelone, a.B., yellow ; 
phonic add, m., yellow ; benzoic and, 46 per cent., oolourlosa ; loliryitr ocwl, m , colourleaB ; 
o-niirobenzoic acid, 38 per cent., orange ; eulphanUie add, 28 per cent., yellow ; phthalir 
acid, n.B. ; picric acid, 62 per cent., red ; tdrarhlorophthalic acid, n.B. ; rtnnamtc acid, 6 per 
cent., yellow : benzyl nceiatr, m., yellow ; amyl ealicylate, aa, colonrloaa ; ethyl cirmamfUf, 
aa, y^DW ; bcnzotntrile, m., yellow ; benzamide, 35 per cent., yellow ; p-tolutdtne, 41 per 
rent., yellow ; o-nitranilinr, 15 per cent., red ; acetanilide, 48 per cent., yellow ; p>nitro- 
nnihde, 10 per cent., yellow ; hemiUdenaniline, n.a ; camphor bromide, n.a ; pinene, p.b., 
cdIoutIobb ; carvene, n.8. ; dimrlhylpyrone, n.B . ; phenylpyrroU, n b ; earbasole, b.b , yellow ; 
acndfiM, B.a, yellow ; thiodtphrtiylamtne, e.B., green ; anttpyrtne, n.B. ; amylene, n b. : 
caprylaip, n.a ; hesradectfene, ilb. ; malic and, n.B. ,* tnolitc nciil, n.B. ; fumanc acid, n h. ; 
ideic and, n.B. ; palmitic acid, n.B. ; Ftcaric aruf, n.a. ; acontltc and, n.B. ; thiovrea, 37 per 
cent., colourless ; guanidinium caibonati', n.B. 

H. Rtamm nho measured the Bolubililies of the salta of the alkaline in liquid ammonia 
— potfuiRiiiin hydroxidn. nitrate, sulphate, chromate, oxalate, perchlorate, persulphate, 
chloride, bromide, iodide, carbonate, and clilorate : mbidiuiu chloride, bromide, and 
Hulpliate ; Cffisium chloride, iodide, carbonate, and sulphate; lithium ('hlonde and 
sulphate; sodium phosphate, phosphite, hypophosphite, fluoride, ohlorido, iodide, 
bromate, perchlorate, periodate, hyponitrii^, nitnto, mtrate, azide, dithionate, chromate, 
carbonate, nxnlatn, benzoate, phthalaie, i^ophthalate ; ammonium, chloride, ohbrate, 
brormdc, iodide, perchlorate, sulphate, sulphite, diroionte, molybdate, nitrate, ditluonaie, 
thioBulpliate, porBidphate, thiocyanate, plioephato, phoBpliilo, hypuphospUto, anionato, 
aifarniio, amidosulphonate, ferrocyanide, carbonatCp l^nzoate^ metidoiuito, phony laret ate, 
picrate, Balinylntp, phonylpropionate, benzoldisulphnnate, toirohulphonato, phthalate, 
trimeMnate, mellitate, eliphatio dicarboxylates, tartrate, fumaratc, and maleiriate; and 
phenol. 
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§ 18. The Chemical Propertiea ol Ammonia 

Ammonia has a jmugciit, exciting odour ; animals die when submerged in the 
gafl. When inhaled, the va]>our irritates the nose and air-pa.ssuge8, causing a puugeiit 
beusatirm and sneesing, The eyes and nose water, and the pulse and respiratiou 
are accelerated. Ammonia causes a rise of blood<x)TCBSure, and stimulates the 
heart. M. von Fettenkofer i said that air laden with ammonia causes pneumonia 
— 0‘3 per cent, (in air) is dangerous, and O’O per cent, to those accustomed to it. 
According to J. Muck, and E. llallervorden, small doses ol ammonia act as a nerve 
btimulunt. Cone. aq. ammonia reddens the skin, and with prolonged contaci, it 
may produce a blister. If ammonia bo introduced with the food, the urea discharge 
is augmented. P. P. Deh^iain showed that small quantities have a toxic action ou 
some plants ; while A. Miintz showed that ammonia con be assimilated by the nitric 
fenuents. P. Maz4 has studied this subject. Ammonia plays an important part 
in the physiology of plants, for it is converted by the nitric ferment— supra-- 
into uitraieB which are necessary food-stofis. P. N. Frianichnikofi reported tha€ 
in the higher plants ammonia plays an important port as the starting-point for the 
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syntbeflis of protein and as an end-produot in the oxidation of nitrogenous sub- 
stanoes. It dors not| however, accumulate as such, but is conveit(Ml mto asparagine. 
Plants may be divided into t^oo types according to the facility with which they 
accomplish this synthesis of asparagine : (i) Plants which readily absorb ammonia 
from Boln. and convert it into asparagine — e., 17 , Hordmtn satimm (barley), Zea mays 
(maize), and Cucurhita pejio (pumpkin), (ii) Plants in wliich the absorption of 
ammonia is very feeble and in which the presence of ammonia in the culture sohi, 
retards the oxidation of nitrogenous substances. The absorption of ammonia 
can be increased by adding calcium carbonate to the culture soln. — e.g. Pisum 
Botimm (pea) and Ficta satim (vetch), (iii) Plants in which the presence of ammonia 
in the culture soln. prevents the conversion of ammonia into asparagine — e.g. the 
yellow lupin {Lupinus luteus). The addition of calcium carbonate has no efiect in 
these cases. 

A. Smiis ^ drew attention to II. B. Baker's observations on the change in the 
properties which occurs when some gases arc intensely dried. He assumes that 
two dificrent kinds of molecules are concerned in every phase: a-NITj^jS-NHs ; 
one kind is active, the other inactive. With intense drying, the et][uilibrium is 
shifted to the inactive side so iliat intensely dried ammonia contains only inactive 
molecules. W. Euhn found that ammonia gas in quartz vessels is decomposed 
completely by monochromatic light of wavodength 2025-2140 A. at a speed pro- 
portional to the energy absorbed. Aq. soln. of the gas undergo no decomposition. 
The number of quanta absorbed by a mol of ammonia undergoing decomposition, 
varies from 2 to 2*5, and is independent of the press. (900 to 5 mm.). For temp, of 
10 ^- 20 ^ the speed of decomposition is independent of temp., and, generally, this 
speed is not afiected by the size of the quartz surfaces (whereas the thermal dissocia- 
tion is accelerated by quartz suifaees). The speed of decomposition is also un- 
afiected by the addition of metallic sodium, and is therefore independent of the 
action of minute traces of water. With monochromatic light of 20G3, the number 
of quanta necessary to decompose a mol of ammonia is 3-4, or as many as 10 if the 
monochrnmatization is very perfect. From the heats of dissociation for N 2 =N 
+N(-140,O0Ocak),Ha=H-t H(-84,0 0 cals.), and NHa'-O-RNa+l-finaf-ll, 000 
c^.), whence NH3=N+H2-|-H—123,0()0cals., andNH 3 --N+HH-H- 207,000 cals., 
it follows that a quantum hv for the ray 2063 corresponds with 1 28,000 cals, per mol. 
The energy furnished by the absorption of a quantum sutlices for the first, but not for 
the second change. On these lines may be explained the facts that several quanta 
are required to decompose a mol of ammonia, and that the speed of decomposition 
depend on the degree of the monochromatization of tlie ultra-violet radiation. 
E. Warburg, A. Cochn and G. Frigent, E. Kegener, and M. Beribelot and 
H. Gaudechon studied the jihotochemical de.composition of ammonia— oide supra. 
K. 6 . Dickinson and A. C. G. Mitchell, and 11. S. Taylor and J. B. Bates studied 
the decomposition of ammonia by optically excited niercuiy atoms. C. Maiignon 
concluded that some ammonia in the higher regions of the atmosphere is decom- 
posed into its elements by the action of the ultra-violet light, E. Wourtzel 
observed that a-rays from radium decompose ammonia gas. 

E. C. C. Baly and II. M. Duncan studied the decompoBilion of ammonia by 
means of a hot platinum wire. Two typos of ammonia may be prepared — an inactive 
and an active modification- -wbicb are decomposed to difieient extents by the same 
quantity of energy. The active form is obtained by the slow withdrawal of ammonia 
from a cylinder containing the compressed gas ; by wanning the cone. aq. eoln. and 
drying the gas by quicklime ; and by isothermal evaporation of the liquefied gas at 
its b.p. The inactive form is obtained by the rapid evaporation of the liquefied 
gas. The inactive gas slowly recovers its activity on remaining in contact with ^ he 
liquefied gas. The same efiect can be produced by gently warming the gas by means 
of a platinum wire heated at 200 °. In order to observe these phenomena, the 
platinum wire must be activated in the same way as is customary in W. Ostwald s 
process for the catalytic oxidation of ammonia in air to nitric acid. Alternatively, 
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the Activation may be effected by rapidly heating and cooling the wire for several 
hours. Active and inactive ammonia, passed alternately into the same decomposi- 
tion vessel, give with a fixed supply of energy high and low decomposition values. 
When the same sample of ammonia is twice exposed to the heated wire, the ratios 
of the amounts decomposed in the two cases ^fier very materially with the two 
forms. The addition of water vap. increases the reactivity of ammonia, the increase 
being proportional to the amount of water vap. present. The enhanced reactivity 
is removed on drying the gas with quicklime. To summarize, the active and inactive 
forms of ammonia differ in the relative amounts of energy required for their 
decomposition. The phase of lower energy content is identiem with that which is 
obtained when ammonia is completely freed from moisture, and it does not combine 
with hydrogen chloride. 11, E. Burk found that the decomposition of ammonia 
on the surface of a heated molybdenum wire is of zero order. The presence of 
hydrogen produces a slight accelerating effect, whilst that of nitrogen produces a 
marked retardation, the velocity after first decreasing with increasing cone, of 
nitrogen attaining a final limiting value. The film of nitrogen on the surface 
of the wire is very persistent and is not removed by pumping off in vacuo. 
Wires, however, return to normal activity after performing one or more experi- 
ments with ammonia. Activated mols. only of nitrogen condense to form the 
poisoning film, which may consist of atomic nitrogen. Smee the rate of reaction 
is not zero at nitrogen press, which are so great that the surface is almost com- 
pletely covered, the reaction must still proceed on parts of the surface which are 
not poisoned or, at a reduced rate, on a film of nitrogen. The two possible 
mechanisms cannot be distinguished since both yield the same type of formula for 
the velocity of the reaction. At temp, between 11)97“' K. and 1228® K., the loga- 
rithm of the half-life varies linearly with the reciprocal of the absolute temp., the 
slope of the line corresponding with a heat of activation of 53,200 cals. This is a 
true heat of activeition. 

The decomposition of ammonia by heat, and the electrical discharge has already 
born discussed in connection with the synthesis of that gas. E. Kcgenei found 
that ammonia is decomposed by ultra-violet light. Hydrogen has no action on 
ammonia or on its aq. soln. E. Bohm and K. F. Eonhofier found that active 
hydrogen had no action on ammonia. A. T. Larson and C. A. Black measured the 
solubility of hydrogen in liquid ammonia between — 25*2® and 22*0®, and 50-150 
atm. press. According to J. J. Berzelius, ammonia is feebly combustible in air, 
for it bums with a pale yellow flame when in immediate contact with the flame 
of a candle, but the combustion does not continue without the extraneous flame. 
The gas does not support combustion in the ordinary sense of that term. N. B. Dhar 
and B. P. Sanyal found that when air or oxygen is passed into soln. of ammonia 
exposed to tropical sunlight, nitrites are formed ; and a mixture of ammonia and 
oxygen forms nitrogen. E. A. Uofmann and co-workers found that the oxidation 
of ammonia to nitrate by air proceeds readily at 380"-400® in the presence of a basic 
contact agent such as soda-lime and can be accelerated in an unusual degree by 
increase of pressure, Copjier carbonate, nickel imwiler, silver powder, and nickel 
carbonate accelerate the reaction in order of increasing efficiency. Soda-lime may 
be replaced by the oxides or carbonates of the alkolme earths, provided that the 
maximum temp, docs not exceed the temp, of decomposition of the corresponding 
nitrate. Tcchmcal nitrolim is readily nitrified at temp, below 200® if mixed with 
soda-lime and copper oxide and exposed in thin layers to the air dunng several days. 
In all the cases of oxidation of nitrogen described above, the presence of nitrite 
can be readily detected at the commencement of the action, particularly when 
oxidation takes place rapidly. Towards the end of the change, when the nitrate 
formation has attained its mavimnin^ the nitrite content diminishes. The tervalent 
mtrogon of ammonia or its derivatives passes therefore into the tervalent oxidized 
condition in the nitrite, which, under the conditions of the experiments, is invariably 
oxidized to nitrate with considerable rapidity. G. Kassner obtained nitrio acid 
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hj oziduing ammonia by oxygen in the presence of a heated catalyst containing 
lead, manganese, alkaline earths, and oxygen. 

M. Bc^elot and H. Gaudechon observed that under the influence of ultra- 
violet rays a mixture of ammonia and oxygen forms water and nitrogen. Ammonia 
burns in oxygen, forming nitrogen, water, a smaD proportion of ammonium nitrate, 
and a trace of nitrogen peroxide. H. B. Jones found that nitric acid is formed 
during the combustion of an alcoholic soln. of ammonia. A. W. Hofmann showed 
that if ammonia be mixed with oxygen, say, by bubbling a stream of oxygen 
through a small quantity of a cone. soln. of ammonia warmed in a flask, the gas 
issuing from the flask can be ignited ; it bums with a greenish-yellow flame. In 
a few moments the soln. in the flask will be too dilute to show the flame. The 
experiment has been modified in various ways by W. Heintz, 1. F. Ossipofl, 
M. Rosenfeld, A. Valentini, H. Schulze, D. L. Hammick, F. Brandstatter, S. Lupton, 
0. Wehrheim, W. B, Hodgkinson and F. K. Lowndes, and A. Elages. By sending 
a jet of ammonia into the air-holes of a Bunsen’s burner, the flame will be found to 
expand, and acquire a yellow tinge. The eflect is shown better by delivering a jet 
of ammonia into the centre of the tube of a Bunsen’s burner. If a stream of oxygen 
be sent into a cylinder, and a stream of ammonia be sent into the same cylinder 
through a wide glass tube, the ammonia can be ignited, and it will bum with a 
yellowish flame. The analysis of the gases in A. Smithell’s flame separator shows 
that the yellow part of the flame is an eflect of undccomposed ammonia, and not an 
eflect of the umon of nitrogen and oxygen. He also found that with the mixture 
of hydrogen and nitrogen, obtained by passing ammonia through a hot tube, in the 
first cone of the flame, the whole of the oxygen combines with hydrogen to form 
steam, which, with the nitrogen and excess of hydrogen, passes to the top of the 
outer tube, whore this hydrogen bums with the outside air in a second flame. 
J. M. Edcr examined the spectrum of ammoma burning in oxygen gas. 

According to A. B. dc Fonreroy, a mixture of two vols. of ammonia and one to 
six vols. of oxygen explodes when sparked ; and when a mixture of ammonia and 
an excess of oxygen is passed through a red-hot tube, nitric acid is formed. 
G. B. Taylor represented the heat of the reaction : 4NH34'502~1N0-|-6H20 
-f 214,200 cals., and 4NHg-|-302=2N2+6H20-|-300,600 cals. ; and the rise of temp., 
ff=(75150x— 2-600yj(7-08-|-3-41*— 0'25.y+8-34F/B— 7), where 7 denotes the 
partial press, of water-vapour ; B, the total press, of the mixture of air, ammonia, 
and water-vapour ; x, the moL fraction of ammonia in the mixture ; and y, the mol. 
fraction of nitric oxide produced in the oxidation. 

F. Euhlmann observed that a little nitric oxide and nitrogen peroxide arc formed 
when a mixture of air and ammonia is passed through a red-hot tube. W. Ifcnry 
showed that the flame of a burning substance is enlarged when the air is mixed with 
ammonia ; and he was not able to make a mixture of air and ammonia whidi 
would detonate with the electric spark. H. Schlumberger and H. Fiotrowsky 
said that mixtures of 16*6 to 26-8 per cent, by vol. of ammonia are explosive, and 
A. Reis found that the limits for the propagation of flame in ammonia-oxygen 
m ixtures are below 15 and above 80 per cent, by vol. of ammonia. A. G. White 
found that in a tube 5 cms. in diameter, the ranges throughout which ammonia- 
air and ammonia-oxygen mixtures propagate flame, in vol. percentages of ammonia, 
are: 


NH^Air 





Opwuds. 

Horizontal. 

Downwards. 

18* 

16-1-26-6 

lS-2-26-6 

nonn 

140“ 

16-0-26-7 

17-0-27-6 

19-0-26-3 

260“ 

14-0-30-4 

16 0-29-6 

17-S-2H-2 

460° 

12-3-33-9 

13-6-831 

14-4^32-0 

18“ 

16-3-70-0 

lB-7-78'0 

IS-l-IO-O 

260“ 

— 

14-8-700 

15-6-70-0 

460“ 

— 

12 0-79 0 

13-6-79-0 


A. G. White also calculated the flame temp, which ranged from 1610° to 1840^ 
lie also studied the propagation of flame in mixtures of hydrogen and ammonia. 
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W. P. Jorifisen studied the explosive limits of mixtures of ammonia, hydrogen, and 
air or oxygen ; and represented the results by the triangular diagram, Figs. 37 and 
3B. J. U. Partington and A. J. Prince exploded mixtures of dry electrolytic gas 





Fig. I*)? —Explosive J^imits in the 
K>btom: fij-NUj-Air. 





Fig. 3B. — Explosive Limits in tho 
Hystom : Hi-NUj-Us. 


ami ammonia at 85*^ and 38^J mm. press, so that no steam cnndenseil. Tim mixture 
lii'L'umen exjilohive when the ratio of electrolytic gas to aminonia is jiisl over umty, 
when 79 i»*r cent, of the urnmonia is deromposed. When the ratio is just above 3, 
the dernujposition is crjinpleto, the sole prorlurts being steam, hydrogen, anil 
nitrogen. When ammonia is exploded with a deficiency of oxygen, tho excess of 
umiuduia is (‘om])letely decomposed into uitrogc'ii and hydrogen, and oxides of 
iiitrugen an* formed only if the ratio of ammonia to oxygi'n is less that 1-C ; the 
iiiaxniiuui oxidation of nitrogen is 16 pir cent, with the ralio 1'22. The commcnce- 
imnt of oxulfitiun of nitrogen is marked by colour changes in tlie flame, which 
chciTigi'8 from yellow to gro»*Ti, violet, and white as tlie oxidation of niirogen increases. 
When ammonia is exploded with oxygen, the amount uf nitrogen oxidized is 
gieat<*r than in the ex]dosion of a cnrrcsponiling mixture of nitrogen, hydrogen, 
and oxygen. I. W. (Y*d(Tberg studied tho rondilions for the catalytic combustion 
of explosive mixtures of ammonia anil oxygen. 

J. \V. Dobereiner found that ])latinum-s})D*ige has no appreciable action on a 
mixture of equal vuls, of aminonia and oxygen, but if the aminuma be mixed with 
electrolytic gas, tho latter warms up the plalimim and tlie ammonia is oxidized; 
\^^ Henry found that the mixture of equal vols. of ammonia and oxygen reacts in 
the prea(‘iici 5 of spongy platinum at 193° ; F. Kulilniann, lu 1839, that the oxida- 
tion of ammonia occurs at about 3U()°, and that jdatiimm-blHck is less etru'ieiit 
than H]>ongy }ilatuiiim ; and C. F. Schoiiheiii, that a Imated platinum wire spiral 
in air charged with nnuuonia produces a white cloud of ammonium nitrate. 
I), MeuegliiJii observed no actmii with a platinum spiral at but the reaction is 
\igoruus between 400'’ and 450°. In R. Kraut's ex}ii‘rimeii1, a stream of oxygen is 
sent through a cone. soln. of ammonia in a beaker in wliieh is suspended a spiral 
of thin (J mm.) platinum wire (recently ignited). If the current of oxygen be very 
hlow, the ]datinum wire will glow red-hot, and the beaker will soon bo filled with 
n*ddihh-brown fumes of nitrogen peroxide. If the current of oxygen be faster, a 
small explosion will occur every now and again : tlie first explosion will be strongur 
than the second, the second stronger than the third, etc., and the solii. in the beaker 
will be found to contain both amraoniuin nitrite and nitrate. H. N. Warren used 
]>ktii\izcd ashes at a red-heat as a catalytic agent for the oxidation of ammonia, 
and the yields of nitrogen oxides with this catalyst were investigated by W. Keinders 
and A. Cats ; 0. Schmidt and K. Bbckei^who, at a red-lieat, obtained a Tf) per cent, 
yield of oxides of nitrogen ; and 11. Neumann and il. Bose -who obtained a 96 
per cent, yield at 500°. E. K. Kideal and H. S. Taylor found that during the action, 
the platinum swells up into microscopic efflorescences probably owing to the soln. 
of the gas and its subsequent expulsion. 0. Scliick employed platinized glazed- 
pottery, and this was said to have a longer life than platinum sponge. The subject 
VOL. vin. P 
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ms also discussed by M. Taliani, V. 1. and N. A. Maliarewsky, L. Andrussoffi 
F. Pascal and E. Decarri^e, H. A. Curtis, J. Baumann, W. B. Landis, A. A. Camp- 
bell, B. Neumann and H. Rose, and L. Cambi. E. Decarri^re studied the catalytio 
action of palladium. P. Wenger and C. Urfer found that in the oxidation of 
ammonia, 97 per cent, is converted into nitric and nitrous acids by platinum-black 
as catalyst at 533‘'-562° ; whilst with rhodium-black, a 69-7 per cent, oxidation 
is attained at 6G2°. L Duparc and co-workers found rhodium more ellective than 
platinum as cataI}rBt. 

W. Ostwald used corrugated platinum foil as catalyst, and he found 
that if the gas is not passed over the catalyst rapidly, ammonia is oxidized 
to nitrogen, 4NH3-f 304~2No-i 6H2O, but by taking suitable precautions, the 
ammonia can be oxidized to nitric oxide; 4NH3-|-502~=4N0+6H20. The heat 
of the nitric oxide reaction is 220 Cals., at ordinary temp., and is practically constant 
at 53 Cals, between 51K)'’ and 700“. The nitric oxide can be converted into nitric 


acid in the usual way — vide 'infra. At low temp., little or no nitric oxide is formed, 
but as the temp, rises, the rate of oxidation increases, 
'^1 reaching a maximum at about 750“, as indicated in 

pjg 33 Beyond 7D0“, the ammonia decomposes into 
a? Ifl its ronstituents. F. C. Ziesberg described W. Ostwald’s 

Ji ^ J^roccss. The rcactinii has been studied by F. (i. Ld- 

^ZIZZIIl l^'nroth, who showed that the heat of the exothonnic 

soo'^ reaction is sufficient to rai.se the temp, of the iiiDViiig 

Fio, 31)— The Effect of gas-mixture to 675" at the catalyst. If the initial temji. 


Temperature on the [jp 2r)°, the temp, of the catalyst Will be raised to 7f)U 
Ammoma smaller the percentage of ammonia oxidized, the 
lytic Agent. smaller will be the heat developed during the re- 

action, and tln‘ lower the temp, of tlie catalyst. 
E. B. Andersen investigated the relation between the yield tif oxide and tho temp. 


and rate of flow of tlio gases. 

D. 1. MoudolrVlI supposed that an intermediate product, orthoiiitrous acid, 
N(0]I)3, is fnrined, Niinc oxide is tlie only compound which bus been isolated in 
the oxidation of ammonia to nitrous or nitric acid. W. Reinders and A. Cats 


represented the reaction : 4NIl3-f 50^ " 4Nt) \ 6H2O, followed by 4NII3 | GNO 
=-5N24 GUnO ; and 4NIl^+3()2 2X2 4'fiH20. The first reartion is areiderated 
by platinum or ferric oxide ; the other reaelions do nf)t reriuin* a (Mlalysl but are 
speeded u]) by glass or porcelain. F. Rascliig does not accept the view that the 
combustion of nnimonia in an excess of oxygen results in tin* formation of nitric 
oxide and water; and, if the ammonia is in excess, he writes: 4NII3 | 2N2 

“1 GUjO. F. C. G. Muller found that und«*T these conditions, the gaseous product con- 
tained 59 per c<'nt. nitrogen and 41 jier cent, hydrogen, and assumed that a purtiou of 
the ammonia dissociates into its constituent elements at tho high temp, of the flame. 
If this were so. hydrogen ought also to be formed when oxygen is in excess, wliereaa 
under these conditions, DO per rent, and more nitric acid is formed ; nor w the ratio 
altered by cooling the flame. F. lia&chig suggested that some hyjiothetieal dnmule 
'B formed when the ainTiiouia is in excess— 2NII3^ 02“ N2II0 -j- 2II2O —which wmild 
prohaldy diasoriat c into hydrogen and nitrogen, and part of the aiiiinonia may burn 
according to 4NH3+3O2— 2N2 \ GJLO, nr else with the intermediate* furriiation of 
hydrazine — 4NH3+O2 2N2H4 +21120— which siibsequeiitly decomposes hit 0 
nitrogen and hydrogen. F. Uaschig proved that some hydrazine is actually 
formed when oxygen burus in anunonia. He therefore concluded that 
the main reaction in the eombiistion is 2NH3+02“N2H2+2H20, with the 
Bide reaction 4NH3-{ O2 - 2N2II4 h 2112^). F. C. G. M uller found that the products 
of combustion of ammonia in oxygen contain hydrogen and nitrogen in the ratio 
2:3; and tliis result is not altered by cooling the flame with cold water. Hence, 
it cannot be due to the dissociation of ammonia. F. Raschig’s assumption that the 
equation 2NJT3+O2-N2H2+2II2O followed by the instantaneous dissociation of 
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the diimide and partial combiution of the hydrogen doea not account for the pro- 
poriion of hydrogen produced. L. Andrussofi suggested that the group, NON, is 
an intcrmcdlato product, but J. R. Partington objected that if so, nitrous oxide 
might be expected as a by-product of the oxidation. This has not been found, 
E. Bodenstein assumed that the primary change involves the formation of nitrotyl ; 
NH3+O2 - II2O+HNO, which IS then converted, by oxygen, into nitric add and 
then into nitric oxide, water and oxygen, or else, by ammonia, into nitrogen, 
water, and hydrogen. In the absence of oxygen or ammonia, the nitrotyl may 
form (a) nitrous oxide and water; (b) nitrogen, oxygen, and water; or (c) hydrogen 
and nitric oxide. J. Zawadzky and co-workeis hold that the first step in thr oxida- 
tion of ammonia is the dissociation of that compound into its constituent elements ; 
atomic nitrogen then combines with oxygen to form nitric oxide, provided the temp, 
is not too high to allow the existence of this compound ; otherwise the reaction 
N+N—N; will proceed at the expense of the reaction N-{- 0 =N 0 , and it is on the 
relative rates of these two reactions that the yield of the desired product depends. 
They do not agree witb B. Neumann and H, Rose that the formation of nitrogen 
at a high temp, is due to the direct oxidation of ammonia to nitrogen and water, 
because in that case the ri'action should bo independent of the mic of flow of the 
gases and show a definite optimum temp., whereas equally good results can be 
obtained with higher temp, tlian the 5(M° used by B. Neumann and IF. Rose, 
pToriiled the rate of flow is suitably accelerated. Nitric oxide decomposes quite 
a])pTeuiabIy (12-2 per cent.) at 600°, and this decomposition is greatly assisted by con- 
tact vitli a platinum catalyst. The reason of the poor yields at temp, below 500^ 
mn}* be attributed to the reaction between ammonia and nitrogen trioxide and 
pel oxide, whilst at higher temp, these oxides di&sociate into oxygen and nitric oxide. 
According to tihuii-Ichi IVhida, the catalytic oxidation of ammonia, 4NII3-I-3O2 
=-2No4 6jj20, occurs simultaneously with 4NII3+OO2— IN 0-f 61120 , he assumes, 
however, that the ammonia oxidizes to nitric oxide, which then, by a consecutive 
leaction rlecornpuses by two concurrent reactions, 4NIl3'l-6NO 
and 2NO- N2+O2. The first of these reactions was shown by G. P. Baxter and 
U. II. Hickey to be very slow even in the presence of catalysts. When a stream of 
ammonia and air is ])assed at diflerent speeds about a thin layer of a catalyst at a 
constant t emp, the yield of nitric acid plotted against the time of contact witli tlie 
< atalyst yields a inaxinium. Shuii-Iclii Ucluda showed that the maximum can be 
ex]iliuncd by aasuniing that the resultant reaction involves the consecutive clianges : 
4NH3-f 5O2- 4NO-j OlloU followed by 2NO--N24O2, and that the catalyst 
aecelf rates the Wo rcae|iona at dilTercnt lates. K. Jellinek, K, K. Rideal, and 
W. W. Scott discussed this second reaetion as a source of loss in the oxidation of 
ammonia to nitric oxide. If the two reactions are unimolpcular with the constant i'j 
with respect to ammonia, and L with respect to nitric oxide, the yield of nitric oxide 
t\ at the time t, can be represeiiled by C^ti(A*2 — (c^M— p-*2*). With platinum 
gauze as catalyst, I’,- 572-") per sec., and i-a- 31*4 per sec. ; and with iron-biimuth 
as catalyst, 204-5 per sec., and A'2-=--M7 per sec. The maidmum yield is then 
^m' winch is in agreement witJi observations. J. Baumann sup- 

poseil the two reactions to be: 4Nir3-|-502- ^NO f6H20, and 2NJl3f30— N2 
+3II2O; and S. IJchidfl, the rapid change 4NU3 + 5O2- 4NO 1-GII2O, followed 
by the slow change 2NO O2 -| Nn* velocity constant for the first reaction 
is I6i) times as largo as that for the second. 

Several industrial works have used the process of oxidation with the platinum 
plug as cajalyst. A. Frank and N. Caro, G. Schiiphau.s, A. A. Campbell, and 
W. 8. Landis have described the use of a single layer uf electrically heated ])]alinum 
gauze as catalyst for the oxidation of ammonia. K. Kaiser jiroposed the use of 
ficveral superposed fine ]»latinum or iridium gauzes in close contact, and preheating 
the gases at 300°-40()° before psasing to the catalyst so as to enable a rapid stream 
of gas to be passed through the system. J. K. Partington used two gauzes 
•eparalcd by narrow silica rods. The subject has been discussed by Q. A. Perley, 
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E. Bcblambprgei, G. B. Imison and W. Rnssell, C. L. ParsonB, and L. G. Joubb. With 
platinnm foil (W. Osiwald) and regoneraiivB heating, J. R. I’aitington obtaiiird a 
conversion pfScicncy of 90-95 per cent., and an output of 1*7 to 2-0 kgmiB. of nitric 
acid per gram of platinum poi 24 hrs. ; with a single platinum gauze (A. Frank and 
N. Caro) and electrical heating, the respective numbers were 90-93 per cent, and 

11 Lgnns. ; with four superposed platinum gauzes (K. Kaiser), 95 per cent, and 

12 kgrms. ; with two platinum gauzes slightly separated, with preheating of gases, 
95 per cent, and 16 kgrms. ; and with two platinum gauzes in contact, steam, and 
oxygen preheated to SOO'*- 600°, 98-99 per cent, and 21 kgrms, The injurious effects 
of amnionia contaminated with phosphine, and acetylene have been discussed by 
C. L. Parsons, L. C. Jones, 11. A. Curtis, and 6. R. Taylor and J. If. Capps ; 
0-00002 per cent, of phosphine reduces the yield 30 per cent., and with 0-02 per cent, 
of phosplune the yield fell from 93-8 to 3-9 per cent. The presence of hydrogen 
sulphide counteracts the ill-eficcts of phosphine and of acetylene, but in general 
hydrogen sulphide has a baneful influence. E. Decarri^rc found that hydrogen to 
the extent of 0-44 per cent, has a slightly favourable influejice, but with 1-0 to 1-5 
per cent, it slightly reduces the activity of the catalyst ; hydrogen jjhosphide reduces 
the activity ^ per cent., hydrogen sulphide partly neutralizes the baneful effect of 
hydrogen jihosphidc, and of acetylene. The subject was also stuilied by P. Pascal 
and E. Dccarriere. Shuu-Ichi Uchida found that the platinuni catalyst evaporates 
slowly but distinrtly at as low a temp, as 580° ; this is not due to the scaling off of 
the activated surface. The loss of platinum was also observed by W. S. Landis. 

A great many catalysts other than the preparations of platinum have been tried, 
but most have been found unsuitable — ^in some coses because of the small activity, 
in others because of rapid deteriorations ; and in still others, an inconveniently 
high temp, may be reipircd. In 1739, 1. Milner found that ainmoiii.i is oxidized 
in contact with manganese dioxide, at a red-heat, producing nitrous acid and nitric 
oxide. Red-lead did not give this result, but ferrous sulphate wliieh had lieun jire- 
colcined to wliitum-sb gave better results. J. Black commeuling on thib result 
correctly explained the action in the following manner : 

TIjo volatilu alkali beinp a compound of hydrogen and aZiOte, wo neoil only Biippose that 
jHirt of It ifl totally decomposad and destroy od by tho action uf the oxygen conluiuod in the 
roanganoso. Part of it, uniliiig tho hydiogon, foniib water or tvaleiy vapuui ; and 
part, uniting with the azoto, forms vapouis of nitrous acid. 

lie also added that it was reported in the newspapers that “ during the Napoleonic 
wars, the French chemists procured saltpetre for the army by blowing alkaline gas, 
and even putrid steams, through red-hot bubstanoes, mkc manganese dioxide, 
which readily yield oxygen.” L. B. Guytou do Morveau, and L. N. Vauquelin 
oxidized ammonia to nitrates by passiug it over hot munganeso dioxide. 0. S. Piggot 
studied the action of manganeae dioxide alone and when mixed with copper or silver 
oxide, and also of silica and of various alloys of manganebe, copper, silver, and iron. 
A mixture of manganese oxide with 40 per cent, of copper has a 90 per cent, efficiency 
at 800°. W. Manchot and J. Haas examined silver oxide intimately mixed with 
pumice as catalyst. H. 6. Eieul used ferric oxide with 5 per cent, bismuth oxide 
as catalyst ; and the General Chemical Co., an ignited mixture of aluminium and 
cobalt nitrates. The general subject was examined by M. Giiichard. G. Kassner 
oxidized ammonia to nitric acid by means of a catalyst he called nitroxan, which 
is a compound or et^uimolar mixture of metaplumbate and mangaiiate of barium, 
and is made by heating in air a mixture of barium orthoplunibatc and mau- 
ganese dioxide in the correct proportions. The reaction is probably as follows : 
2BaFb03,BaMn04-|-NH3:=HN 08-j-2BaPb02+2BaMn0a-l-Hw0; BaPbOa+BaMnOa 
-f-02=BaPb03,BaMn04. The nitric acid is retained as barium nitrnte, which is 
adsorbed as such by the substance of the catalyst. When the reaction is carried 
out at 600°, i.e. above the dcoompoeition temp, of barium nitrate, the products 
contain an excess of nitrogen peroxide, which, in the presence of oxygen and the 
water which is fonued, is rapidly condensed to liquid nitric acid. Poor yields are 
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obtained when the barium nitrate is formed at a low temp. (260M50^), and is then 
decomposed by raising the temp. ; the ammonia is never completely oxidized in the 
first part of the reaction and nitric oxide is formed which reacts with free ammonia 
with the formation of nitrogen, especially if any uncombined manganese dioxide is 
present iii the catalyst. By lixiviating the barium nitrate from the catalyst and 
replacing the barium thus removed by finely-powdered barium hydroxide, better 
yields are obtained, the catalyst improving with use. In this way a 100 per cent, 
ronveisioii nf ammonia into nitric acid may be obtamed. J. von Liebig found that 
the reaction is catalyzed by ferric oxide *, and A. F. de Fourcroy, by mercuric oxide. 
The last-named called the reaction une dmmjxtsUwn reciprvquc. F. Kulilinann 
found that copper hydroxide, copper, nickel, and iron are less active than platinum. 
B. Marston proposed copper as catalyst; E. Aubertin, chromic oxide and 
f'hioruatPA ; 0. M. Tossi6 du Motay, mangauales, permanganates, dichroinates, and 
alkali ])lmnl)ites, H. Hcliwarz, sodium mangaiiato; L. U. Jones and co-workers, 
])Iijinbites of filiiiiiiniuin, zme, or cadmium ; U. L. l^arAons, lead oxide on bone-ash 
.it 100'' ; A. Frank and N. Caro, ccria and thoria ; 13. Neumann and H. Bose, ferric 
oxide at 070*^. (v. Inaba studied a mixture of iron and bismuth oxides as catalyst, 
and tlie yield was increased in the presence of thuna. The Badische Anilin-unii 
Soda-fabnk rcroinmondcd oxides of the iron group ; F. Bayer and Co., iron oxnln, and 
prumotors —cerium or bismuth oxides — at about 800"' ; that company also proposed 
iron oxide with bismuth oxide ; iron oxide with lelluiium ; and platinum with lead. 
B. Neiiiuaiin ami fl. Bose examined the efiect of iron bismutli oxide at fiOO'^ ; 
1) Meneghini tni*d roasted pyrit<‘h, cliromic oxide, or oxides of the rare earths— 
feme, mangfimc, and riTic oxides were leas active ; W. llcindera and A. Cats corn- 
pan d platinued asbestos, or glass, cojipcr wire, thorium oxide and pumice, ferric 
oxiilc fjii glass or asbestos, ainl oxidized iron-gau/c. They found 80-90 per cent, 
oxidation with jilatiiiuiu, or ferric oxide. Femr* oxide worked best at 030*^-700° ; 
and ]dal I ni/ed asbestos or glass, at GlX)°. K. Hmiib found 1 hat slaniiu' andniangnnic 
oxides oxidize amiuoma to nitrate and nitrite at ordinary temp. ; ferric oxide 
and lead dioxide have but a slight actmn Various oxides — eopper, silver, vanadium, 
eljioiiijum, niolybdeiniin, lead, manganese, cobalt, and nickel — have been tried. 
E B. Maxled found thst the percentage conversion with iron catalyst octivated with 
tlic pronintnrs copper, ihoriuin, tungsten, cerium, or bismuth, at 700°, when the 
time nf (onlact of the gas mixture with the catalyst is 0-015 sec., is as follows, 
vlien inui alone gave 83-3 per cent, convcision : 

li'lMn) I!P(l^a) TV(Tli) Fr(\S) Ft(CD) l!r(Bl) 
Per cpnt, convDrsion 70 0 80 0 3 83 3 00-0 02*0 
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Tlie Tchitive eftcieiiry with ditliTenl rates of flow of the gas-mixhirc is illustraliHl 
b} Fig. 40, wliere the speed cd flow is expressed in litres per hour per c.c. of tree space 
in the reaction chamber — calculated at room temp. 

Each c.c ot free space r orresponrls with 20 sq. cms. 
of catalyst surface. E 1. Oilofl observed the 
oxidation of ammonia when mixed with nir and 
jiasseil over a heated copper gauze ; 4 .NII 3 -I- 3 O 2 
“ 2 N 2 -I- 6 II 2 O, witli traces of mtrous aiul nitric 
acids — aniline, toluidine, and pyriiline were oxi- 
dized in a similar way. W. W. Scott and 
W. D, Leech found that the conversion efficiency of 
cobalt oxide at 600°- 800° is 79’3 per cent. This is 
augmented when about 3 per rent, of bismuth, 
or If) to 12 per cent, of alumina, is used as 

jirnmotcu. The efficiency is then increased up to 90 per cent. Metals with 
m.p. below that of cobalt act as stimulants of the leacUon, while metals with 
a higher m.p. retard the reaction. Observations on the subject wpie made by 
W. Kochmann, W. Moldeuhauer and 0. Wehrheim, H. Petersen, N. Busvold, 
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Fig, 40 — EUinom*y of l'atal>sts 
in the Osidatinn of Ammonia 
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P. Wpngpr and C. Urfer. N. Bmitli found that in the oxidation of tin oi copper 
in air, unimoiiia is simuliAneously oxidized — ^induced reactions : zinc has no action, 
but in glass dishes positive results were sometimes obtained— while only a slight 
action ^os observed in the oxidation of ferrous and manganous hydroxides. 

In practice^ where nitric arid is made by the oxidation of ammonia, the catalyst 
employed may bo a platinum plug (W. Ostwald) ; an electrically heated wire gauze 
(K. Kaiser) ; or iron activated by another metal. The most satisfactory catalyst 
is platinum gauze of fine mesh, or platinum foil whose smooth surface is roughened 
by a deposit of platinum-black. Platinum sponge, or ])latinum-blaek alone is 
much too active. A thin layer of catalyst gives the best results, because with a 
thick layer, or a low velocity, some nitric oxide is decomposed. The ])latiuum 
gauze processes can be illustrated by A. Frank ami N. Caro's reaction chamber. At 
the bottom, air enters on one side, ammonia on the other. Valves are provided so 
that the correct ])roportioiis can be regulated. The gases are mixed by a revolving 
aluminium fan and then pass through the heated platinum gauze. The gauze 
is electrically heated to 700\ but once the reaction commences, in some arrangements, 
the heat dc\ eloped by the reaction suflices to keep the gauze reiMioL. The lower 
half of the casing of the reartiun chamber is cooled by water so as to prevent, as far 
as possible, the thermal decom))Osit]Dn of the aniiuonia by the heat radial cd from the 
gauze. The rombusiion chamber is lined with aliiminiuiii so as I o prevent any iron 
oxide from falling on the platinum gauze. The industrial oxidation of ammonia 
to nitric acid has been discussed by E. Donath, J. li. Partinglon, 0. Dielleubach, 
A. M. Kairlie, E. J. Pranke, P. J. Fox, A. Frank and N. (Jaro, H. J. M. Creighton, 
W. G. Adam, C. 8. Imison and W. Russell, P. Pascal and H. Di'carriere, 
C, L. Parsons, A. T. Schlosing, V. 1. Maliarcwsky, and in many anoiiyinouh artiedes. 

According to V. F. Schoiibein, D. K. Tuttle. E. M. Pehgul, and M. Berthelot 
and L. P. de 8t. Gillcs, w'hen copper is immersed in an aq. soln. of ammonia, it is 

oxidized, when exjiused to uir, and aumirmia is 
simultaneously oxidized to nitrite; S. Rappel 
said that some nitrate is also formed. E, Muller 
found that with small proportions of dissolved 
copjicr in the catalytic oxidation of aq. ammonia 
to nitrite by oxygen in the pre'^eiice of sodium 
hydroxide, the velocity of the reaction is propor- 
tional to the cone, of ropjier, to the press, of 
the oxygen, and to the cone, of the hydroxyl 
ions. The speed of nitrite forination increases 
with increasing roue, of ainnionia, and with rise 
of temp. The presence of amuioinuin suits re- 
tards the change by removing hydro.xyl ions. 
With solid cojipcr, the activity is due to the 
presence of cnpjicriu soln., forming cuprous ions 
whiih are very active ; and solid cujiruus oxide 
18 an active catalyst. The changes of potential 
of a copper anode in 2iV-NaOH, in the presence 
and absence of ammonia, are consistent with 
the hypothesis that ter valent copper ions play an 
intermediate role in the mechanism of the cata- 
lysis. Thus, bivalent cupper ions may form 
tervalent ions by means of charges from hydrogen 
ions oxidized to water ; the tervalent ions then react with hydroxyl ions in the 
presence of ammonia to give nitrite ions and reform bivalent copjier ions. Similarly 
with cuprous ions. The hyjiothesia, thus expressed in the language of ions, means 
that the catalytic activity of copper is attributed to the capacity of copper to form 
higher oxidation products in soln. 

W. Traube and A. Biltz found that in the electrolysis of on aq. soln. of sodiuir 
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hydroxide Gontainmg ammonia, using platinum or iron elsctrodes, and a cunent 
of 6 to 10 amptooB, virtually no nitrite is formed, but if some eopper hydroxide be 
present, almost all the oxygen evolved at the anode is consumed in converting the 
ammonia into ammonium nitrite. As the electrolpis proceeds, the amount of 
nitrite formed gradually increases, and then, after a certain iun^i decreases owing to 
the oxidation to nitrate ; if the electrolysis he continued for a considerable time, 
the liquid at the anode is found to contain only nitrate and no nitrite. A soluble 
alkaline earth may be substituted for the fixed alkali. When no free alkali is present, 
the formation of nitrite ceases, but if care is taken to keep the anode compartment 
permanently alkaline, the production of nitrite continues until a very concentrated 
Boln. is obtained. In addition to the nitrite formal ion, a small amount of nitrate 
is also produced at the expense of the nitrite. The amount of this is small at the 
beginning, but tends to increase, even when an excess of alkali is present, as the 
ratio of the roue, of the nitrite to the cone, of ammonia increases. The conversion 
of nitrite into nitrate in the strongly alkaline liquid is arcelrrated by the presence of 
small amounts of cupric hydroxide. If the amount of alkali hydroxide in the anode 
compartment hreomrs less and less and finally completely disapjM^ars, so that at the 
end only an ammoniacal soln. is present, it is found that a rapid oxidation of nitrite 
to nit rate occurs, but even this is accelerated by the presence of the cupric hydroxide 
So long as free alkali is still present. In presence of much ammonia, the amount of 
nitrite can be increased to about 11 per cent, before oxidation to nitrate begins, 
whilst from an 11 per cent, nitrite soln. to which ammonia, sodium hydroxide, and 
copper hydroxide had been added a soln. containing as much as 17 per cent, nitrite 
was obiainod on hydrolysis. £. Miillcr and F. Spitzci said that the electiolytio 
oxidation of ammonia to nitrite occurs in the prebence of sodium hydroxide even 
in the absence of copper compounds. A. Brochet and G. Boiteau found that when 
an aq. soln. of ammonia is electrolyzed, using electrodes of graphite, a mixture of 
ammonium carbonate and nitrate is produced. The quantity of nitrate formed 
inrreascB if ammonium carbonate or nitrate is first added to the soln. A similar 
reaction takes ]jlace if platinum or iron electrodes are used to electrolyze soln. of 
ammonium carbonate or nitrate in ammonia. The yield of nitrate was always low, 
it increases with current density, and the rate of fonnalion decreases when the cone, 
of nitrate in buln. is high. G. Ocsterlidd electrolybed a sat. ammoniacal suln. of 
ammonium carbonate, and cooled the washed and dried gases. The mixture has 
u colour which may be exactly imitated by dipping a test-tube containing liquid 
air in liquid nitrogen trioxidc, and, after a frozi'n layer has been formed, in liquid 
niliogen tetroxidc. The two layers of blue and yellow give a green which is exactly 
like that of the supposed hexoxide. The electro-oxidation of ammonia has been 
investigated by F. Balia, F, Orieshaber, etc. 

Acrurding to T. P. Blunt, a mixture of ammonia and air may be kept in 
darkness without change, but in light there is a reaction attributed to the forma- 
tion of ozone. L. I, de N. Ilosva hmnd that OEOne does not act on dry ammonia ; 
but F. M. Baumert found that with ozonized oxygen and ordinary ammonia gas, 
clouds of ammonium nitrate are formed. L. Corius passed ozonized oxygen into 
uu aq. soln. nf ammonia, and found that some ammonium nitrite and nitrale are 
formed as well as a little hydrogen dioxide. The reaction was studied by F. Goppels- 
rbrler. W. Streckei and U. Thicnemann observed that ozone is completely reduced 
when passed into liquid ammonia cooled by a mixture of carbon dioxide and etbci. 
Tile products of the reaction contain about 9B per cent, of ammonium nitrate 
and 2 per cent, of nitrite : 2NH3+408=NH4N03-f-402+H20 ; and 2 Nll 3 -|- 3 O 3 
='-NU4N02-|-302-|~H20. When ozone is first passed into tlie liquid an orange 
colour is produced which may be due to the formation of on unstable ozonide. Care- 
fully dried ozone at first acts very slowly on liquid ammonia. W. Weith and 
A. Weber reported that hydrogen dioxide and aq. ammonia react, forming nitrous 
acid or ammonium nitrite ; on the contrary, F. Hoppe-Seyler could find no nitrite 
's a result of keeping a oonc. soln. of hydrogen dioxide in contact with ammonia 
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— witL or without the addition of eodium hydroxide— hut if the soln. he evaporated 
in a retort at its b.p., the nitrite is formed. According to W. R. Hodgkinson and 
A. H. Coote, if an ammoniactd soln. of hydrogen dioxide be allowed to act for 5 
mins, on pieces of metal approximately the same size, the losses in weight are : 
cadmium, 7 per cent. ; copper, 1*4 to 3*6 per cent. ; zinc, 3*9 per cent. ; copper- 
nickel alloy, 0-1 per cent. ; and intlie presence of an ammoniacal soln. of hydrogen 
dioxide and ammonium nitrate, the losses were, cadmium, 16 per cent. ; copper- 
nickel alloy, 1-0 per cent. A. W. Browne and 0. R. Overman observed no indication 
of the formation of appreciable quantities of nitrous or nitric acid when ammonium 
sulphate in sulphuric acid soln. is treated with oxidizing agents such as hydrogen 
dioxide ; potassium chlorate, persulphate, permanganate, or iodate ; hydrated 
ferric oxide ; or mercuric oxide or chloride. Ammouium sulphate soln. strongly 
acidified with sulphuric acid is but slightly affected at the b.p. by such oxidizing 
agents as hydrogen dioxide, or potassium chlorate or permanganate. F. Kuhlmann 
oxidized the whole of the nitrogen in ammonium sulphate to nitrite by treatment 
with potassium chlorate ; and to nitrate by manganese dioxide, the higher 
lead oxides, or potassium pirnianganate and suljihuric acid. 0. F. Schimbein, 
and F. Wohler found that an aq. soln. of ammonia is oxidized by manganese dioxide 
when the mixture is shaken along with platinum sponge. S. Cloez and E. Guignet 
said that in the cold, ammonia is oxidized to nitrite by potassium perinangauat(‘, 
and to nitrate when heated with an excess of the piTUiangauate ; and L. V. dc 
St. Gilles said that the oxidation proceeds rapidly if formic acid be also present. 
F. A. Bollcy said that the ammonia is not oxidized by potassium perinaiignnate if 
the soln. be very dil. 0. T. Christensen observed the formation of nitrate during 
the deeomposition of ammonium permanganate by heat. 

According to U. MoisHaii,^ fluorine reacts with ammonia with the production 
of a yellow flame, while with a soln. of ammonia each bubble of fluorine gives a 
flame accompamed by a detonation. The gas burns at ordinury temp, in cUorine. 
forming ammonium chloride and nitrogen: dNIIj-l 3 Cl 2 = 6 NlJ 4 n 4 N 2 . A.Valentim 
devised an apparatus for demonstrating this. F. Donny and J . Mareska found that 
strongly cooled liquid chlorine reacts vigorously with ammonia. Act'ording to 
F. L. Simon, when chlorine is passed in successive hubbies into cone. aq. ammonia, 
each bubble produces a slight explosion, and a flash of light, visible in the dark. 
If the ammonia be in excess, nitrogen is evolved, and ammonium ehloride is formed ; 
but if an excess of clilnrine acts on ammonia, or on an ammonium suit, nitrogen 
chloride is produced — vide infra, nitrogen chloride. A. J. Balard, and E. J. Maumene 
said that by rajiidly mixing chlorine water and aq. ammonia, hydroxylamine 
chloride is formed. A. J. Balard found that bromine reacts with ammonia, forming 
nitrogen and ammonium bromide. According to A. Bineau, ammimia gas reacts 
with iodine in the cold, forming a viscid liquid which, when treated with water, 
decomposes into ammonium iodide, nitrogen iodide, and hydrogen. In the 
presence of alcohol, iodine decomposes ammonia, forming ammonium iodide, 
diiodoamide, and nitrogen iodide. W. H. Scamon obtained what he regarded as 
amminodiiodide, NH 3 I 2 , by the action of dry ammonia on dry iodim*, and allowing 
the product to stand for aome time over cono. sulphuric acid. F. Kasrhig said 
that the product of the reaction between dry iodine and ammonia deiiends on the 
temp. C. Hugot, and 0. Rufi obtained a number of diffrrent substanoos by the 
action of iodine on liquid ammonia — vide infra, nitrogen iodides. C. F. Schonbein 
found that the product of the action of aq. ammonia and iodine water has bleaching 
qualities and probably contains ainmomum hyjioiodite ; some ammonium iodide 
and iodate are also formed. For the action of the hydrogen halides, and of the 
halide adds, vide the corresponding ammonium salts. L. Troost, working wiih 
dried ammonia and hydrogen chloride, obtained ammomum hexamminochloride, 
NH4C1,6NIIs, melting at —18° ; and ammonium tnammiuochloridG, NII 4 CI. 3 NH 3 , 
melting at 7*^. The dissociation press, of the trianimine is 140 mm. at —36° ; 485 wim. 
at — 13‘* ; 730 mm. at —60^ ; 10^ mm. at 0° ; and 1800 mm. at B**, The hexammine 
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has a dissociation press, of 580 mm. at —36° ; 750 mm. at —31*5° ; and 1130 mm. 
at —21°. A. J. Balaid found that gaseous ammoma detonates in contact with 
hypoohlorous add, and cblnrino is liberated, while a cone. aq. soln. is decomposed 
by ammonia gas with the liberation of free nitrogen and chlorine, and the evolu- 
tion of heat and light ; in the cold, hypochlorous acid reacts with aq. ammonia, 
forming nitrogen chloride. Boln. of sodium hypochlorite decompose ammonia 
and ammonium salts evolving all th o nitrogen as a gas. J. Thiele said that hydrazine 
and hydrozylamine arc formed as intermediate products. T. Oryng found the 
reaction is of the second order; and with the proportions 3Na()Gl-h2NIIx 
=-3NaClH-N2+3Il20, at 15°-25°, the oxidation of the ammonia to nitrogen is 
nnvei complete. The elTect of inert solvents is not alone determined by the 
viscosity. The reaction is accelerated by copper, mercury, lead, iron (ie), cobalt, 
nickel, titanium, platinum, manganese, and cliromium salts. The reaction was also 
sturlicd by A. Bmeaii, C. F. Schunbein, J. Kolb, K. J. H. Fenton, A. J. Balard, 
(I. Lunge and R. Srlioch, C. F. Cross and E. J. Bevan, J. Efiront, and F. Rasehig. 
Other products reported are nitrogen chloride (A. J. Balard, F. Raschig, and 
G. Lunge and R. Schoch), chloramidc (F. Raschig), and chlorates (C. F. Bchon- 
beiii). Soln. of sodium hyiH)liromite or barium hypobromite, or a soln. of bromine 
waller in alkali-lye decompose ammonia and aininonium salts as in the analogous 
rase with hypochlorites, D. R. Nanji and W. B. Shaw observed that traces of 
nitrites and nitrates are formed during the reaction. F. von Btadion found that 
ainniunia with chlorine dioxide furnishes at ordinary temp, nitrogen and ammonium 
ihloridc and chlorate. A. Ditto observed no action between ammonia and iodine 
pentoxide at ordinary temp., but when warmed, a vigorous reaction occurs with 
the formation of iodine, nitrogen, and water. U. Denigbs found that when a drop 
of a JO per cent. aq. sulii. of iodic acid is exposed to an atm. containing ammonia, 
it immorlialely liecomes covered with a crysl alline film of the normal lodatc, NH4IO3. 
None of the volatile amines examined give this reaction under these conditions. 
G. i)enlg^s and J. Bailot added that if a drop of a 50 per cent, soln of iodic arid is 
exjjosed to an atm. contaiiiiiiE; a trace of ammonia gas, it becomes ( overed with a 
tlnn white film, and if this is then well mixed with the iodic acid, rhombic crystals 
of ammonium tri-indate can be observed under the microscope. If a drop of 
50 per cent, iodic arid and a drop of cone. aq. ammonia are placed a few mm. apart 
on a microscope hlide, the successive formation of the neutral iodate, the di-iodate, 
uikI llie tri iodate may be observed. K. A. Hofniaun and W. Linnm.ann found 
that gaseous ammonia, mixed with air, reacts so vigorously with solid potassium 
chlorate that the reaction may become dangerous if the cone, of the amninm.a is 
high. It is therefore advisable to dilute tbe ehlorate by admixture with clay. 
Tlic ri'actiou begins at about 25U \ and the liealiiig is discontinued until the violence 
of the reaction has subsidi'd. The course of the reaction b symbolized: 
KC108f2Nll3-»Ka+N2H 3H,0, and KClOa+N-^KNOs+CJl. The ammonia 
reacts directly with the chlorate and not with previously Uherated oxygen, the 
change oecurs at the surface of tbe chlorate and not in the gaseous layer, and the 
nitric acid is not formed intermediately. The incidence of the reaction is ascribed 
to the Tolativply unsaturated nature of the potassium chlorate and ammonia 
mnlociiles and the consequent possibihty of the production of intermediate additive 
products. In confirmation of this view, it is shown that, the sat. potassium per- 
chlorate mol. does not react with ammonia at moderate temp., and that, at higher 
temp., the production of nitrate ia due entirely to the intormediabe formation of 
potassium chlorate. 

According to A. F. de Fuurcroy,^ if the vapour of sulphur and ammonia be led 
through a rod-hot tube, hydrogen, nitrogen, and a crystalline mixture of ammonium 
mono- and poly-sulphides are formed. F. Jones said that dry sulphur absorbs 
ammonia, and when the product is heated, ammoiuum sulphide is formed. A. Smith 
W. B. Holmes found that if ammonia gas be passed over molten sulpliur no 
insoluble sulphur is formed during the cooling. 0. A. B<>cly found tliat liquid 
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ammonia dissolves sulphur, forming, according to H. Moissan, and C. Hugot, a 
Boln. of sulphoammonium. E. Franklin and C. A. Kraus noted the dissolution 
of sulphur in liquid ammonia occurs only in the presence of infra. 0. Buif 

and E. Geisel found the reaction between sulphur and liquid ammonia is rovorsible : 
10S+4NH3^6iT2S4-N4S4. C. Brunner showed that aq. ammonia dissolves no 
sulphur at a temp, below 75 ^ or, according to F. A. Fliicluger, below 60 °- 65 ° ; but 
at 90 ° or in a boiling soln., the liquid acquires a pale lemon-yellow colour, while 
ammonium thiosulphate and sulphide are formed. J. B. Senderens said that a 
reaction occurs even at 12° ; and F, A. Fliiekiger added that under press, in a sealed 
tube at 90 °- 100 °, ammonia-water nf sp. gr. 0 - 8^5 forms a deep yellowish-brown 
soln. of ammonium polysulpliide, wliieh, when the tube is opened, deposits crystals 
of sulphur. L. Troost obtained three ammonium amminosulphides by the action 
of ammonia on hydrogen sulphide. M. J. Fordos and A. Gelis showed that cold 
ammonia gas in contact with sulphur dichloiide, ISCI2, produces brownish-red, 
or, with more ammonia, })alc leniun-yellow flecks contaming respectively the 
^ammine, SC12.2NU3, and the letrammmn, SCl2.4NI[3 ; sulphur dichlorido dro])ped 
slowly into an aq. soln. of ammonia was found by M. J, Fordos and E. Gelis to 
produce ammonium thiosulpliate. sulphate, chloride, aud sulphur amminonitride,and 
dichloride. E. Soubeiran, and K. Martens said tliat dry ammoma and sulphui 
chloride, S2CI2, form a tetiammine, S2C12-4NII3. A. K. Macbeth and U. Graham 
represented the reaction: CSaCL f IfiNIIs— N4fi4+12Nll4C)l+4B2> added 

that other nitrogen sulphides — eg. S3NH2 — may be formed — vidrtW 

Bulpbur chluiides. The action of ammonia on thionyl chloride gives a white cloud 
of ammonium chloride, a yellow mass of nitrogen sulphide, and what A. Michiielis 
thought might be nitrogen chlorusulphide ; H. Schifi said that thionyl amide is 
not formed. The reaction was discovered by II. Piotrowsky. II. Y. Regnault 
said that anlphuryl chloride mixed with etbylime chloride reacts with dry ammonia, 
forming a mixture of sulphur}’! amide, (E1[2)S02, and ammonium chloride. The 
reaction was further studied by A. Menie, F. Michel, A. Uantzsch and co-workers, 
and M. Traube, and it was shown that Bul]iliimKle, suljjhom elide, sulphamidc, 
nitrogen trisulphide, etc., were forined. H. Rose observed that when ammonia is 
passed slowly into cold pyrosulphuryl chloride, a white mass of the tetrammine, 
mixed with ammonium clilorosulphide, and suljihate is fonned. According to 
J, W. Dobereiuer, sulphur dioxide reacts with ammonia, forming a brownlsh-yelluw 
vapour which condenses to a brown solid mass of anhydrous ammonium sulphite, 
which, with a small proportion of water, furnishes ordinary ammonium sulphite. 
11 . Bose concluded that with the dry gases, an orange-red viscid or crystalline mass 
is produced which is very deliquescent, end dissolves easily in water, without 
evolving ammonia. The soln. is neutral, aud when freshly prepared contains 
ammonium sulphite, sulphate, tnthionate, etc. II. Bose supposed the orange-red 
substance to be a compound of ammonia with an isomeride of sulphur dioxide; 
G. Forchhammer, a mixture of ammonium sulphate, and su1])huT diamidc, 
B(NH2)2; H. Watts, a mixture of amidosulpliimn acid, NJL.SU.OH, and its 
ammonium salt ; S. M. Jorgensen, ammonium pyroamidosulphinatc, 
NH2.S2O4.Nlf4. E. Divers and M. Ogawa found that if the mixed gases are 
thoroughly dried, and at a low temp., no reaction occurs ; but at a higher temp., 
with the sulphur dioxide in excess, a substance, aimnoniuin amidosulphinate, 
NH2.SO.ONH4, or SO2NH3, is formed, and if the ammonia is in excess, amido- 
Bulphinic acid, NII2BO.OH, or S02(NH3)2, is produced. The reaction was studied 
by H. Piotrowsky, and II. Bebumann — vide amidosulphinites. When an ethereal 
soln. of ammonia is treated with sulphur dioxide, ammonium amidosulphinate la 
formed. For the action of sulphur (lioxidei ^ide infra. 

Accoiding to A. Loir and C. Dnon, when liquid ammonia at — 65 ° is ]juured on 
to cone, sulphuric acid^ the liquids do not mix, and a reaction gradually sets in. 
According to V. A. Jaquelain anhydrous ammonia reacts with sulphuric acid, 
forming sulphamide, and, accoiding to A. Wnronin, ammonium amidosulphatet 
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For BulpbuTOtifl and Bulphniio addB^ Me tLe corresponding ammoninm salts. 
B. Kemp! represented the reaction with the persulphate resulting in the formation 
af nitrogen and a trace of nitric acid: 4Na2S20s+NH3+9NaOH=NaN08 
+BNa2S04+6H20 ; and 3(NH4)2S20fl+8NH3=6(Nir4)2S04+N2. H. MarshaU 
made some observations on this reaction. G. Scagliarini and 6. Torelli said that 
in the oxidation of ammonia by either potassium or ammonium persulphate, the 
oxygen of the latter first oxidizes the ammonia to nitrous acid, \vhich is converted 
by the excess of ammonia into ammonium nitrite, this being decomposed with 
liberation of nitrogen by the heat developed. Copper appears to act as an 
oxygen-carrier. D. M. Yost said that the rate of oxidation of aq. ammonia by the 
persulphate ion is directly proportional to the cone, of the oxidizing agent, and to 
the cone, of the catalyst — the Ag(NH3)24on. The rate of oxidation increases 
less rapidly than the rate of increase of the cone, of the ammonia. F. A. Fliickigei 
said that selenium does not act on ammonia gas, or on aq. ammonia. E. C. Franklin 
and C. A. Kraus noted the dissolution of selenium in liquid ammonia oceura only in 
the presence of air. B. Epcnschied showed that selenium tetrachloride reacts at 
ordinary temp, with dried ammonia mixed with air, forming selenium, ammonium 
chloride, nitrogen, and hydrogen ; if the mixture be well-cooled, a brown mass of 
nitrogen selcnide and ammonium chloride is formed. A. Michaelis obtained 
selenium, nitrogen, ammonium chloride, and solenium dioxide by the action of 
selenyl l^oridei SCOCI2; V. Lenherand E.Wolensensky found that with a benzene 
or toluene soln. of selenyl chloride, SeOCl2, ammonia forms nitrogen selcnide or a 
mixture of this and selenium. A. Michaelis represented the reaction with selenium 
dioxide by : 4NH3+3Se02-=6H20+38e+2N2. E. Metzner gave for the reaction 
between tellurium tetracUoride and dry ammonia at 2D0°-250'^ : 3TeCl4+16NH2 
= 3Te+12NIl4Cl-f2N2 ; at O'’, tellurium triamminotetrachloridc, TeCl4.3NH3, is 
formed. 

A. T. Larson and C. A. Black B measured the solubility of nitrogen (;.v.) in liquid 
ammonia. £. J. B. Willey and E. K. Bideal found that ammonia is decomposed by 
activated nitrogen. W. Henry found that a mixture of nitrous oxide, with not less 
than one-seventh or more than three-fourths ammonia, explodes when sparked, 
forming water, nitrogen, and oxygen, and with an excess of nitrous oxide, nitrogen 
dioxide may be fonned. 6. Bischof said that some of the ammonia is decomposed 
into hydrogen and nitrogen. W. Wislicenus noted the action of sodamide on 
nitrous oxide, forming hydrazoates. AY. Henry found that nitric oxide behaves 
towards ammonia in an analogous way to nitrous oxide when sparked. J. L. Gay 
Lussac found that a mixture of equal vols. of ammonia and nitric oxide gases 
condenses in the course of a month to about half its original vol., without undergoing 
complete decomposition — ^nitrogen and probably nitrous oxide are formed. Aq. 
ammonia in contact with nitric oxide produces nitrous oxide. The Badisohe Anilin- 
und 8oda-fabrik found that interaction between nitric oxide and ammonia gas does 
not occur under ordinary conditions. F. L. Dulong found that both liquid and 
gaseous nitrogen peroxide rapidly decompose ammonia at ordinary temp., forming 
nitric oxide and nitrogen ; and E. Soubciian found that if the ammonia and nitrogen 
peroxide be dried and freed from air, the vigorous reaction furnishes nitrogen, water, 
and ammonium nitrite ; but if traces of water and air be present, some nitrous 
oxide and ammonium nitrate are also formed. A. Besson and G. Rosset found 
that at —80° liquid ammonia reacts with solid nitrogen peroxide with explosive 
violence. According to F. T. Austen, a fine stream of ammonia gas in an ajbm. of 
nitric odd vapour burns with a yellow flame. 

According to A. Bincau, phosphorus sublimes in ammonia gas without absorption 
taking place, but C. W. Bockmann, and A. Vogel said that a phosphorus amminoxide 
can be so prepared. F, A. Fliicldger found that dry phosphorus slowly absorbs 
ammonia, forming a dark brittle substance ; and when phosphorus is warmed with 
aqua ammonia, a black compound of phosphorus oxide and ammonia is produced. 
A. F. de Fourerdy found that when the vapour of phosphorus and ammonia are 
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Bent tlirough a red-hot tube, phosphine and nitrogen are formed. E. C. Franklin 
and C. A. Kraus found liquid anDnonia dissolves phosphorus only in the presence 
of air. H. Rose, and J. Fersoz found that phosphoros trichloride rapidly absorbs 
ammonia, forming a white cloud. Much heat is developed and phosphorus ammino- 
trichloride is formed, and this, when heated, decomposes ; 5PC18+8N1T3=4PN2H 
+ 15 HC 1 - 1 - 5 H+P— i’/f/e phosphorus triehloride. H. Rose found phosphonu 
tribromide acts in an analogous manner. C. Hugot represented the reaction 
with strongly cooled, liquid ammonia ; 15 Nll 3 +PBr 3 “P(NH 2 ) 3 + 3 NH 4 (NH 3 ) 3 iir. 
Cold phosphorm pentacMoride absorbs ammonia very slowly if at all, but if not so 
strongly cooled, an ainminopeiitachlorido is formed. J. von Liebig and F. Woblcr 
always found ammonium rhloride wns present, showing that some decom- 
position had taken pl.iee. C. Gerhardt represented the reaction by 4 NHs+PCL, 

(NH2)2pCl34 2Nli4t'l- -vide phosphorus pentachloride. J. H. Gladstone observetl 
the reaction ocnirs when the gases are moist or drv. II. Schiil representiMl 
the reaction with phogphoryl chloride : POCIH GNJIa -(NHojgl’OH 3 NHiri. 
J, H. Gladstone fiiiiud that at O'' the reaction is better nqiresenled by POOl3+2NJf3 
--NI!4Cl+NIL.PLKt>; and at 100°, POOl3-l-4NIl3-2NH4Cl+(NlIo)2POCl— 
vide ])hosphoryl chloride. Acrordiiig to A. Bineau, phosphorus trisolphide absorbs 
ammonia very slowly, after G monllis' action the product liad tlu* composition 
(NH3)2PnS3. A. Baudrimont, G. OhevricT, and J. IJ. Gladstone anil J. 1 ). Holmes 
observt‘d tliat thiophosphoryl chloride absorbs dry nminoma, forming nmmines ; 
and II. ScliitT, and G. Clicvner noted the formation of some phoy}jlionis sulpho- 
triamido. . 1 . TT. Gludslime and J. 1 ). Holmes foimd that a dil. aq. suln. of ammonia 
reacts with thio]diospli(iryl chloride, forming tliiopliosplmminie acid ; ami with an 
excess of ammonia, G. Chi'vrier obtained ammonium thiopbos[)hato. A. Micliiielis 
found that thiophosphoryl bromide is dccom])osed with dilliculty by auirDonia in 
the cold, but when heated various substances an^ formed suljiliur, amiuouium 
polysulphidc, ammonium jdiosphite, and phos))hate. 11 . Sc In II said that ammonia 
and phosphorus pentozide fumisli pyropliDsphodiaimme acid, anil S. Gutmann, 
and n. Blitz obtained a suboxide (g.t;.). IL B. Baker sIlowimI tlmt if the ammonia 
and phosphoric oxide are quite dry, no reaetion oimrs T. K. Tliorpe anil 
A. E. I'utton sliowed that ammonia acts on a solii. of phosphorus trioxide in alrohol 
or benzene, forming a diamide and au ammonium salt of pbosplioTou^ acid. A. Stock 
studied the action of liquid ammonia on phosphorus peutasulphide (qv.). Aiii- 
numia forms ammiiies when it reacts witli the arsenic trihalides. A. BoHenheim 
and F. Jucobsohn found that aisenio pentoxide reacts with liquid anirnouia, forming 
the ammme, AB2U5.3NH3 ; but antimony pentoxide does not reiict. 

1 J. Clouft,® C. Langloia, F. Kuhlmaun, and G. Weltzicn found that when ammonia 
is ]jafised over rod-hut carbon, ammonium cyanide and hydrogen are formed : 
2NIl3-|-C=NH4CN+H2 ; some nitrogen is also formed, but, according to 
V. AVeltzien, no hydrocarbons are produced. The production of cyanides by 
the action of ammonia on carbon has been investigated by E. Berginann, and 
G. A. VocrkcliuH. H. Delbriick showed that hydrogen cyanide is produced 
when ammonia and carbon dioxide are passed over heated potassium. 
R. M. Badger gave for the equihbrium constant, rH2][HCN]— /r[Nll3], m 
the balanced reaction: NH3-1-C--HCN4-H2, at 800 ®, AV 5 - 8 xlO~». A. Millot 
showed that when a soln. of ammonia is electrolyzed with a positive electrode of 
purified gas-carbon and a negative electrode of platinum, the liquid acquin^s a deep 
black colour. If this black soln. is evaporated to dryness on a water-bath, and the 
residue extracted with warm alcohol, a black insoluble substance is left, aud a 
ycDow soln. is obtained. When this soln. is evaporated to a syrup, it deposits a 
yellowish nitrogenous substance, soluble in boiling walor, to which it imparts an 
acid reaction. The still liquid portion is evaporated repeatedly until no further 
deposit is obtained, and when the filtered liquid is allowed to cool it deposits crystals 
of carbamide. In this reaction, the synthesis of carbamide is effected by the direct 
ociion of carbonic anhydride and ammonia undeT the influence of the electric 
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rurrf^nt. The electrolyain, during right days, of ^OOc c. of ammonia mixed with an 
equal volume of water gavo 6-8 gnus, of the black subaiaucp and one grin, of pure 
carbamide. The subject has been investigated by L. Weisberg, II. von Warten- 
beig, and W. Bertelsmann. The formation of rysnidea by the action of i^^ mnni fy 
on the vapours of bydrocarbom was studied by F. Kuhlmann, D. Lance and 
R. L. E. de Bourgade, H. C. Woltereck^ J. Maetcar, P, B. do Lanibilly, and 
r. Beindl. J. W. Beeson and J. B. Partington exploded mixtures of varying 
quantities of ammonia with 2 vols. of carbon monoxide and one vol. of oxygon 
a 1 65'^ and 380 mm. press, so that no steam wab condensed. All the mixtures winch 
euuld be ignited approximated a 95-3 per cent, decomposition of the ammonia. 
With some mixtures containing more than 40’5 per rent, of ammonia, the first spark 
did not cause explosion, a period of induction being observed, alter which the 
piopagation of the flame from the spark to the walls of the bulb was so slow that it 
could be followed visuaDy. No ignition occurred in mixtures in which the latiu 
N 11 g/( 2 CO-|- 02 ) exceeded 0-924. E. Euhlmann found that imdcr the influence of 
2 )lulmum black, carbon monoxide and ammonia react: NHs-f 00 = 11204 HCN; 
A. Mailhe and F. de Godon obtained an excellent yield of ammonium cyanide 
Ijy using thoria as a catalyst at 410° to 450°— if alumina or zirconia is used as 
ralulyst, a higher temp, is necessary. H. Jackson and D. N. Laurie obtained both 
uieu and ammonium cyanate when the gabies react in contact with a hot surface of 
jiktiimm : 004 NII 3 -- II 241 aOI-^' ^ 1!* Bailey found that under the influence 

uf ladium euiaiiatiim the second reaction occurs — ^thc first reaction occurs only 
in the presence uf a catalyst. The icautioii was studied by G. Brcdig and 

E. E16(l, M. Ilerbst, and R. K. Milller. The action of carbon dioxide on 
aiiimoiiia lias been discus^cil in connectiun with the carbamates (S. 20 , 34) ; 
the actum of carbonyl chloride on ammonia and ammonium chloride (5. 39, 
2d) ; the action uf caibou disulphide (6. 30, 42) ; and the aclion of carbonyl sul- 
pUde (6. 39, 29). K. C, Badey observed that under the influence of radium emana- 
tion car bon dioxide and ammonia react, forming cyanate and urea. The solubility 
ot aniruuuia in various carbon compounds has been discussed in the preceding 
section. A. B. Brown and E. E. Keid studied the alkylatiDn of ammonia by 
passing mixtures of ammonia and aleohol^ — ^methyl, ethyl, q-propyl, and i^-butyl — 
u-\ er ^ ui loiis oxides as catalysts at 300°-500°. They found, in the order of ascending 
eUlrieuey, blue oxide of tungsten, commercial siLca gel, alumina, sibea gel impreg- 
nated with nickel oxide, zirconia, silica gel impregnated with thoria, and a silica 
g(l pii])areil by adding a sodium silirate sobi. (1*5 per cent. NaoO) to an equal 
volume of lU per cent, pure hydrocbloric arid. The n^sulting gel is broken into 
laige f/agmeiitB, suspended in running water for several days, and then dried at 
temp, iibing in stages to 180". For liigh activity, long life, and absent of aide 
J eat lions, the sjiecial sibea gel is much the best. The optimum temp., percentages 
uf alcohol converted into amines, and the ratios of primary, secondary, and teriiary 
fiiniucs foimt'd, using this catalyst, are as fDllL)\v • methyl, 480°, 56 per cent., 
r):i2:3; elli}l, 465°, 39-5 per* cent, 2:5:3; 7 ;-propyl, 415°, 49 per cent., 
10:11:18; -q-butyl, 430°, 25 per cent., 11 : 11 ; 3. G. W. Dorrell studied the 
catd}dic activity of alumina whose optimum temp is about 300°. L. Knurr 
bill dud the action of ammonia on eitayleiie oxidB; M. Knot he, on acid dichlorides; 

F. Bolder, on aromatic aldehydes ; F. Bidet, on primary amines, eir. G. Baunie, 
and A. M. Wasiliefl studied the system with mettiyl efhet and ethyl alcohol with 
umnionia; and C. A. Kraus and E.II. Zeitfuchs, equilibrium in liquid nu^tuies of 
auiniouni and xylene, U. H. Schlubach and II. Miedel observed that arainoiiu or 
ammonium salts may ad as a reducing agent on some organic compounds— ])houyl- 
butylene, styiyl methyl ketone, jiyridine, and nitrobenzene, but not acetojihenoue, 
beuzil, benzoin, and dimxybciizom. A suln. of sodium in liquid ammonia is added 
gradually to a soln. of ammonium chloriile in the same solvent in which the sub- 
hlance to be reduced is at leaax partly dissolved at — 80° to — 50°. If the compound 
under investigation is not sulflcicntly soluble in liquid animoma, benzene or ether 
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may be added. In general, reduction appears to be due to the direct addition of 
nascent hydrogen without preliminary formation of an intermediate additive 
compound with the sodium. The action is highly selective and appears lo resemble 
most closely that of sodium and alcohol. Probably owing to the low temp, of the 
reactions, the formation of by-products is largely avoided. The reaction was 
studied by A. R. Ling and IX R. Nanji, L. C. Maillard, etc., when ammonia is 
brought in contact with dextrose (fused or in aq. suln.), cither in the form of gas 
or aq. soln., at a moderate temp.— say 35*^-40° — combination of the ammonia 
with the sugar takes place. II now the liquid be beated to a higher temp., e.^. 
100^ a vigorous exothennic reiiction ensues, and dark-roloured substances are 
produced. Similar reactions occur when certain umino-compouiuls arc substituted 
for ammonia. A. Couder found that dry ammonia acts on cyanamidey forming 
colourless soln. containing diryanodiamide. A. B. Brown and K. E. Keid discussed 
the alkylation of amruoma ; and II. B. Merrill, the depilatory action on calf-skins. 

The acid properties of soln. of ammonium salts in liquid ammonia have been 
established by E. C. Franklin and co-wurkers.^ According to F, W. Bergstrom, 
these Bolns. react with most of the elements above byiliugen in the eleclroeliemical 
series as it is known in water. The action of the al^i metals and of the alkaline 
earth metals on liquid ammonia i.^ dismssed in a special sertion, and thn eilcct of 
the gas on the heated metals is indicated in connection with the amides, or nitrides. 
M. (.'opisarow, and H. Fricke and 0. Suwclaek obtained rhythmic rings of a metal 
hydroxide by allowing ammonia gas to difluse into a soln. of the metal salt in 
gelatin. Several meluls form nitrides when heated in thr> ga.s--r.r/. magnesium» 
zinc, aluminium, iron, titanium, cte.— in other cases— silver, gold, platinum, 
etc. — ^the metal exerts a catalytic action on the dccompoailiuu of ammonia — vide 
supra, nitrides. C. van Brunt said that the cir(um&tunce.s id an accidental 
explosion md rate that during ll) years nt ordinary iomp. mercury in the safety 
valve of a carboy containing cone. aq. ammonia, formed a rntnurtf ammonium 
oxide. A. F. do Fourcroy showed that many metal oxides are deuoinpoM^d when 
heated in ammonia gas, loTining water, mtingeii, ami the metal or a lower oxide. 
In the case of mercuric oxide, nitric acid is formiHl. ]\'irb of the nitrugrn may be 
oxidized to nitnc oxide or nitrogen peroxiile. In some cases, nitrides of the metals 
are fornicil— titanium, iron, or copper oxides— and iu other cases, conijilex 
comi»ounds eoiitaiuing nitriigen, liydiogen, and oxygen may lie formi'd — 
tungstic or mercuric oxide ((/-vO. R. Tupputi, and E. Fiei^chiT found aq. aiiimoiuii 
decomposes nickel seSQuioxide in the cold, forming nitrogen and nickel ninnoxiiie. 
A. Rosenheim and F. Jacobsohn found that with lirjuid ammonia molybdic oxide 
furnishes the auimine Mo 03 . 3 KIf,rt ; and tungstic oxide is not changed, but tungsten 
dichlorodioxide fonns the ammiiie WoO;{.3NU3. G. ^V. Eorrell fouiid that aiumoiiia 
is readily absorbed by alumina at 311'', but no dec()iu]Kj( liion into it^ eh^ni'iits was 
noticed. 11 . lIiendlniaicT studied the* elTect of ammonia on various metal hydroxides 
— copper, rhrojijiuni, iron, and nickel— in the preh«*mje of weak acids. At cording 
to 0. Michel and E. tirandiurujgin, heal ed sodium dioxide reart.s with dry ammoma : 
2NH3+3Na202=GNa0H+N2— some sodium nitrite and iiitrale arc also formed; 
barium dioxide acts in an analogous manner ; manganese dioxide forms manguuoso 
Bcsquioxide, nitrogen and water ; and lead dioxide forms nitrogen, and ammonium 
nitrile and nitrate. F. W. Bergstrom fouml tliat molybdenum and tungsten 
dibromides and tungsten dichloride yield ^hglitly soluble ammomnliasic halides on 
treatment with litjuid ammonia. Molybdenum Mbromide and pentachloride, and 
tungsten pentabromide and hexachloride, dissolve in liquid ammonia to give red 
soln., the first rimued also giving a precipitate of ammoiiiobasic bromides. Dilution 
of the soln. yields amorphous precipitates of indefinite roniposition. Molybdenum 
pentachloride absorbs 8 mols. of ammonia gas, giving a derivative of unknown 
composition. 

Aq. ammonia dissolves many of the heavy metal hydroxides-’(’.,7. zinc, cadmium, 
cobalt, nickel, copper, and silver hydroxides ; chromic hydroxide dissolves in this 
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menstranm but spariugly ; and feirous and manganese hydroxides dissolye only 
in the presence of ammonium salts. The solubility is supposed to be determined 
by the formation of a compound of ammonia with the respective oxides. Compounds 
formed by the direct addition of ammonia with the oxides and salts are usually 
called ammines* The oxides of vanadium, uranium, antimony, mercury, silver, 
gold, and the platinum mrials form solid compounds vhich are more or less 
explosive. 0 . Ruff and E. Qeisel found that Ihe alkali metal hydrides react with 
liquid ammonia, forming amides: MH-j-NHs -H2+M.NH2. The hydrides of 
potassium, rubidium, and ctusium react at the m.p. of liquid ammonia — 78 ^ ; 
sodium hydride at about * 40 ° ; and lithium hydride requires many days at ordinary 
temp, before it is completely transformed into amide. Many metal salts unite 
with ammonia, sometimes with ihe evolution of heat. For example, ammonia is 
absorbed by calcium chloride, zinc chloride, silver chloride, etc., forming ammino- 
chlorides. A great many complex silver ammines with the monobasic salts have 
been reported in which the ratio Ag : NH3 is as 1 : 2 , for instance, AgI.2NH3 ; 
AgC10,>).2NIl3 ; AgBr03.2NIl3 ; AgN08.2NH3; AgN02.2NIJ3; etc. With salts 
of higher basicity the proportion of ammonia is greater, tig. Ag2Cr04.4Nll3 ; 
Ago8e04.4NH3 ; Ag2S04.4NHB ; Ag28207.4NJl3 ; Ag4A5204.8NH3 ; etc., are 
known. Some of these compounds lose ammonia on exposure to air — e.y. manganese 
nniminosulphate ; and lead amminoindide— others lose ammonia when heated — 
r.9. zinc amminosulphate ; calcium amminoehloride ; and silver amminochloridc — 
others give oil ammonium salts mixed with more or less ammonia when heated — 
tg. nickel amminoclilorirle ; and copper amminosulpliatp — and some reduced 
metal remains behind. Some of the ammines can be volatilized unchanged— c.y, 
zine amminocliloride ; and feme ammiiiochlnride. Aq. soln of some of these 
compounds are quite stable — c q. crjbalt and platinum ammines— and even resist 
the action of arids and bases ; others are decom|U)sed by water into metal salt 
and ammonia— eg. calcium azTiminochluride— and others again are hydrolyzed 
into a sparingly soluble basic salt, hydroxide, or oxide — e.y. zinc amminocarbonate ; 
thallium amiTiiiiochloridc ; lead amniinoiodide ; and ferric amminoehloride. 
K. Alberts examined the etleet of heating potassium^ calcium, strontium, barium, 
and magnesium sulphates in a current of aminouia. A. \ on Unruh studied the 
Bclion of dry animoma on uranyl salts. 

IT. P. (’ady and R. Taft sought if electrolytic oxidations can occur in systems 
coiitaiiung no oxygen, and found that with liquid amuinnia as solvent, thsllous 
iodide, ru])rou'i iodide, hydrazobeiizene, and methyl- and eihylamine hyilroclilorides 
can be oxidi/ed. The properties of snln. of salts, etc., in Iiquil ammonia were 
studied by F. W. Bergstrom, T. J. Webb, E. 0 . Franklin and ('. A. Kraus, etc. 

il Tamm ^ said that aq. aiunionia is oxidized by potassium permanganates 
forming ammonium nitrate ; but 8. lloogerwerfi and W. A. van Dorp found that 
an alkaline soln. of the salt is nut alleclcd by ammonia. F. Jones represented the 
reaction in neutral snln. by the equation 8K]\Iii04+8NIl3— 4M112O8+KNO3 
“t-KNOo I GKOIl+DIIiO+JNn in agreement with the effect of phosphine, arsine, 
and atibinc on that liquid. The reactions with ])ermangaiiati‘s in the pri*sencc of 
other oxides have been studied by C. F. Schonbem, J. A. Wanklyn and A. Uamgec, 
and S. Cloez and E. Guigiiet. 1 . M. Koltlioff said 1 bat the oxidation of ammonia by 
permanganate is more dependent on concentration in acidic than in alkaline soln. 

Aeconliiig to E. J. Maiimen4, amm onium ozlde, (N11|)|0, which he called ohydraalne^ 

BVnlved wlieu a solu of potassium ponunuganals (11 fi;nns ) and sulphune acid (40 grms. 
8Dg) IS added to dried crybtnlline ammonium oxalaio (141-2 grms.) ; the whole well mixod, 
and gontly heated until ib begins to boil The gas is absorbed in hydrochloric acid, a 
ni^iitral bdIh. of diytirazaiue thlDrule, (NHg)g0.2H(Jl, is formed. The ciystnilB of the salt 
are readily soluble in water, but only sparingly solublo m alcohol. The sublimed salt has 
no water of erysiuUiziitiun ; whon aii oxooss of a soln. of the ehlondn is mixed with one 
of platinum tetracldoride, yellow crystals of c/ii/dtcurnne chluroplaiuxQJtv, (NII|)gO.HgrtClf, 
are formed, but if the plat mum tetrachloride be m exenss, tho crystals cent am mom clJoro- 
plaUnate. Tho oryslsjlB of chydratainf gulpJitite are soluble in waU^r and sjiaringly in 
alcohol, Chydraxawte nitrate la crystalline and an aq. soln., on evaporation, furnishes 
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nitric acid, nitrogoiii nitrogon peroxide, aud inude, N|H|. None of theBe elaioiB haa been 
bStabJiahnii . 

Some feactions ol analytical inteiest.— Ammonia is iccognlzablo by its smell ; 
the aq. solu. gives a blue enlorabion witli litmus, laemoid, and resazurln ; a red colour 
with Tosalir acid ; and a brown colour with tiinueric. White fumes appear when 
ammonia vapour is near the vapour of a volatile arid — ^hydrochloric or acetio acid. 
Ammuuiuia salts give oil ammonia when heated in contact with lime, or alkali 
hydroxiLles. An alkaline soln. of potassium iodomcrcuiato, the so-called Nessler’s 
roagenty^ gives a brown precipitate with ammonia, and the colouring power is so 
great that minute traces of aiumonia can be detected by its means. The reaction 
is also adapted to a colorimetric process lor the quantitative d termination of 
ammonia in water, etc. 8. 8. Graves proposed to substitute Nessler’s reagent by 
one prepared by adiliug 130 c.c. of water and 10() c.c. of cold, sal, soln. of mercuric 
chloride to BO grms. of sodium chloride. The mixture is shaken until the sodium 
chloride has dissolved, and 70 c.c. ol a sat. soln. of lithium carbonate (1 piT cent.) 
IS added slovlv, with shaking, so that mercuric oxide is not deposited on the sides 
ol the ilubk. The soln. is usually cloudy, owjug to the presence of ammuuia in the 
substances used, biU if well shaken with 3 to 5 gnus, of talc powder and tiltered, 
a clear liquid cun be obtained. The soln. can be kept almost indefinitely in care- 
fully stn])pered bottles. Ammonium salts give a yellow cry.sLa11me precipitale 
wiiii hyd^hloroplatillic add, and, unlike the corres])ouding precipitate with 
putabbium salts, the precipitate on ignition leaves only platmum behind ; and 
when the precipitate is treated with alkali-lye, ammonia is giv(‘ii off. According 
to J. L, Lassuigne, one })art of ammonium chloride in 100 parts of water gives a 
CO] nous precipitate ; with 200 parts of water, a slight precipitate ; witli 40() parts 
of water, a very blight precipitate ; and with 800 parts of water, a scanty pre- 
ci])itate after 12 hrs. A white prcci]uia1e of ammonium hyrlrotartrate, 
t'()OII.llCOH.HCOH.COONH 4 , is produced iivith tartaric add — the presence of 
sodium acetate favours the precipitation. The prei ijiitaif' ih solublf* in alkah-lyc, 
and mineral acids. Sodium hydrotaitrate also gives a while precipitate with 
cunc. soln. Potassium salts behave in an analogous manner. Unlike putassium 
sabs, ammonium salt soln give no prH’ipitate with perchloric add ; and unlike 
sodium salts, no prccipitalF* with potassium pyroantimonate. Bnlh ammonium 
and potassium salts give jirucipitatns willi picric add,SOdilUll tungstate, phospho- 
molybdic add, and sodium nitratocobaltate. 

The amniomum salts are decomposed, with thp evolution of nitrogen, when they 
are treated with hypobromites, or hyp^hlorites : SNaOJlr— N2+3NaB[ 

-f 31LO. According to A. Trillat and M. Turchet,io when soln. of iiotassiiim iodide 
aurl an alkali hypochlorite arii added to a liquid containing ammoiiia, an intense 
black coloration is produced due to the formatiou of nitrogen iodide, and as the 
same result is obtained when the iodine mono- or tri-ehloiide and an alkali arc used 
instead of the above reagents, the reaction may bo represented by the following equa- 
tion : 3UlT+NH3+3NaOH-=3NaC'l-l-Nl3+3H20. In applying the test, 3 drops of 
a 10 per cent. soln. of potassium iodide and 2 drops of a cone. soln. of alkali hypo- 
chlorite (Edu de Javel) arc added to 20 or 30 c.c. of the suapecied water ; the use 
of excess of the reagenls musL be avoided, as nitrogen iodide disLSolves under these 
eondiLions. No compounds of nitrogen other than ammonium salts are said to 
form nitrogen iodide under these conditions. According to E. Eicglor, if ten c.c. 
of Ihe soln. to be tested is mixed with 10-15 drops of a soln. of p-rntroaniline, hydro- 
chloric acid, and sodium nitrite, and a 10 per cent. soln. of sodium hydroxide be 
added drop by drop, the liquid becomes yellow or red if ammonia be present. 
According to U. Eose,ii and J. Muller, water containing traces of ammonia colours 
a soln. of mercurous nitrate a dirty grey colour ; and mercurous nitrate test-papers 
are coloured black by ammonia vapours. According to E. Bohlig, when a soln. of 
mercuric chloride is added to a soln, of ammonia or ammonium carbonate, white 
mercuric amidochloiide is precipitated, and a white turbidity is produced if only 
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1 : 300000 IB preaeiit. The preaenoe of traces of potaaaium carbonate makes the 
reaction even more sensitive. The reaction was examined by P. Einbrodti 
A. Schoyen, C. Rehsteinor, G. C. Wittstein^ and A. Ferraro. 


RxrmxNOxa. 

^ M. Ton PettenkofeTp Siteber. Bayr, Ahad,^ 179, 1887 ; B. HalleiTDrdpnp Arch, Exp. Path. 
Pharmakol, 10. 125, 1879 ; 12. 237, 1880 ; J. Muck, Zfit. physiol. Chem., 2 20, 1878 ; P. P. Deh^- 
ram, TraM de ehimie ayncole, Paris, 108, 1002 ; Xss iynua lesfmnen/s de la inre, Puia, 1805 ; 
A. Muntz, Ctmpl. Beiid., 100. 646, 1890; Joum. Pham. Cbim., (5), 20. 480, 1800; P. Maz4, 
Ann, Insi. Pasteur, 14. 26, 1900 ; V. N. Pnaniolmikoff, Papers Agrtc. Inst. Moscow, 10. 1, 1916 ; 
Bull. Agrus. InUU^geMe, 8. 204, 1917. 

* J. J. Beizelins, Lthrbuch der Chcmie, Ijeipzig, 1. 786, 1825 ; A. W. Hofmann, Liebig^e Ann., 
116. 285, 1860 ; W. Heintz, ib., 180. 102, 1864 ; J. W. Hoberelner, tb., 1. 29, 1832 ; D. K. Tuttle, 
ib., 101. 283, 1857 ; K. Kraut, tb., 186. 69, 1865 ; Brr., 20. 1113, 1887 ; M. Rosenfeld, ib.. 14. 
2102, 1881 ; 0. Schmidt and R. Booker, Ber., 89. 1366, 1906 ; W. Kuhn, Compt. Jiend., 177. 056, 
1923; 178. 708, 1924; Joum. Chtm. Phys., 23. 621, 1926; U. Ocsterhold, Ztvl, anorg. Vlwm., 
86. 105, 1914; B. Heumann and H. Rose, Zrxt. angtw. Chem., 38. 41, 1020 ; W. Moldenhauer 
and 0. Wehrheim, i6., 27. 334, 1914 ; M. Taliani, Ovum. Chim. Ind. Appl., 8. 408, 1921 ; L. Oambi, 
lb., 8. 201, 1021 ; V. 1. and N. A. Maliaiewaky, Zt\i. anqew. Chem., 38. 1113, 1025 ; 

K. B. Andersen, Ztii. EhlAroiAetn., 22. 441, 1916 ; V. I. Maliarewsky, Journ. Hns^, Chtm., 
Ind., 2. 478, 1025; W. Reinden and A. Uats, Chem. lVB?kbL, 9. 47, 1912; G. M. Teasie 
du Motay, Ber., 4. 491, 1871 ; Badiaohe AniUn- und Sodafabiik, BrU. Put. Nos. 13687, 
13848, 1914 ; 7651, 13297, 13299, 1915; P. Bayer and Co., tb., 18591, 1903; Oermun Pat., 
D.H.P. 168272, 1903; K. Kaiser, ib., 271517, 1914; Brd. Pat. No. 20323, 1910; 24036, 
1011; £. Aubnrtin, ib., 1181, 1871; R. Marston, ib., 10074, 1900; C. Scbick, German Pat,, 
D.R.P. 242989, 1912; But. Pat. No. 13954, 1007; W. Oatwald, ib., 698, 8300, 1902; 7909, 
190S; Chm. Ziy., 27. 459, 1903; 0. Mutignoii, Chim. Ind., 328, 1925; L C. Jonet and 
C. L raranna. U.8. I'al. Nos. 132551, 1018; 136342, 1920; JoarA, Ind. Eruj. Chm„ 
11. 541, 1019; L. 0. Jones, D. A. Morton, and U. N. Terzicv, U.8. Pat. No. 1037261, 1912; 
N. Busvold, lb., 1222028, 1917 ; C. L. Parsons, tb., 1239125, 1917 ; W. S. Landis, tb., 
1193796 to 1193800, 1016 ; Chem. Met. Enyg., 20. 470, 1919 ; P. G. Ujeuroth, tb., 19. 
287, 1918; P. C. Ziaaberg, ib., 15. 299, 1916; A. M. Pairlie, tb., 20. 8, 1019; G. A. Perloy, 
lb., 22. 125, 1920; Journ. Ind. Eng. Chem., 12. 110, 1020; G. B. Taylor, tb., 11. 1121, 1919; 
G. fi. Taylor and J. H. (^appa, ib., 10. 467, 1918 ; 11. 27, 1019 ; E. J. Pnuike, tb., 10. 830. 
1916 ; P. J. Pox, tb., 0 . 737, 1017 ; £. K. Ridoal and H. S. Taylor, Catalysw in Theory and 
l*racl\w, London, 97, 1919; P. Wenger and C. Urfer, Ann. r'bim. AtulI., 23. 97, 1918; 

L. B. Guyton de Moiveau, Ann. Chm. Phys., (1), 45. 286, 1802 ; Scherer's Joum., 9. 370, 1802; 
£. Bohrn and K. P. Banhufl<ir, Ziit. phys. (^hsm., 110. 385, 1926; 1. P. Oasipoff, Joum. Bun. 
PJiy^. ( Arm. Soc., 26. 55, 1894 ; A. Yalentini, Gazz. Chim. lUd., 14. 214, 1884; 1). Moneghini, 
lb., 42. i, J26, 1912 ; 43. i. 81, 1913 ; H. Schulze, Chem. Ztg., 17. 37, K93 ; A. Klogos, ib., 22. 
449, 1898 ; J. Baumann, Jt., 44. 145, 1920 ; P. Brandatatter, ZeU. pkys. chem. Unterr,, 9. 171, 
1896 ; S. Kappel, Arc/i. Pharm,, (3), 20. 567, 1882 ; 8. Lupton, Journ. Chem. 8oc., 33. 05, 1878 ; 
rbem. News, S7. 36, 1878 ; W. R. Hodgkinaon and A. H. Ceoto, i6., 92. 38, 1905 ; W. R. Hodgkin- 
Bon and P, K. Lowndes, ib., 68. 27, 1888 ; H. N. Warren, tb., 63. 290, 1891 ; L. N. Vauquelin, 
Journ. Polyt., 2. 174, 1796 ; J. von Liebig, Jlfo^^. Pharm., 83. 40, 1831 ; W. Henry, Ann. Phd., 
25. 416, ] 825 ; Phil. Trans., 90. 420, 1800 ; 114. 266, 1824 ; I. Milner, ib., 79. 300, 1789 ; A. F. de 
Fouroroy, Ann. Chim. Phys., (1), 2. 219, 1789 ; (1), 6. 293, 1790 ; P. Kuhlmann, Compt. Bend., 6. 
1117, 1838; Liebig's Ann., 29. 284, 1830; 39. 319, 1841; F. Wohler, ib., 136. 256, 1866; 
C. P. Sohonbein, Jowm.prakt. Chem., (1), 70. 129, 1856 ; (1), 76. 90, 1858 ; P. A. Bolley, ib., (1), 
103. 489, 1868 ; J. Black, Lectures on Chemistry, Edinburgh, 2. 246, 255, 1803 ; P. M. Baumeit, 
Pogg. Ann., 89. 38, 1853 ; T. P. Blunt, Analyd, b. 70, JB80 ; P. Goppelaruder, Journ, praki. 
Chem., (1), 112. 130, 1871 ; Verb. Nat. Ges. Basel, 5. 485, 1873 ; L. I. de N. lloava, Her., 27. 3500, 
1804; P. Uoppe-Eleylfir, ib., 16. 1917, 1883; W. Weith and A. Weber, tb., 7. 1745, 1874; 
L. CariuB, lb., 7. 1481, 1874 ; Liebig's Ann., 174. 31, 1874 ; H. B. Jonea, Phil. Trans., 141. 399, 
185] ; Phil. Mag., (4), 1. 720, 1851 ; Proc. Boy. 8oe., 1. 04, 1855 ; R. Pohl, Veber die Etnwtrkung 
SltUer eUktrischer Entladung a/uJArnmonuik und Sauersioff, Berlin, 1006 ; Ber. dcut. phys. Ges., 4. 
10, 1906; Ann. Physik, (4), 21. 679, 1906 ; E. Kegener, tb., (4), 20. 1033, 1906 ; N. Smith, Proc, 
Ch4m. 8oc., 22. 39. 1906 ; Joum. Chem. Soc., 89. 473, 1006; A. Smithella, ib., 61. 204, 1802 ; 
A. Prank and N. Cam, German Pat., D.R.P. 224320, 1008 ; Joum. ^c»c. Chem. Ind„ 29. 1010, 
1010 ; E. B. Maxted, tb., 86. 777, 1917 ; H. Schwarz, DingUr's Joum,, 21. 219, 1875 ; J. M. Eder. 
Monatsh., 12. 80^ 1802; E. Becarribie, Compi. Bend., 172. 1663, 1921; 178. 148, 1021; 174. 
460, 766, 1922; 177. 186, 1023; Ana. Chim. Phys., (9), 18. 312, 1922; BuU. Soc. Chim, (4), 
85. 48, 1024; (4), 87. 412. 1024; P. Pascal and £. Deoairibre, ib., (4), 25. 489, 1910; Mim. 
Poudrea,21.68,1924; F. Pascal, ib., 21. 1,1924; A.T.SohlDsmg,tb.,21. 106,1924; E.M.Febgot, 
Gompt. Bmd., 68. 259, 1861; M^Berthelot and H. Gaudeohon, ib., ISO. 1327, 1010; 166. 1243, 
1013; M, Berthelot and L. P. de St. GUlea, tb., (3), 65. 374, 1850; Compt. Bend., 66. 1170, 
1866; S. Clooz and E. Guignet, tb., 47. 710, 1838; W. Kuhn, Journ, CAim. Phys., 28. 621, 

VOL. VIU. Q 



226 IKORGfAKlO AND THEOBETICAL CBEMiaTB? 

1926; Compi, Rend,, 178. 706. 1924; H. C. Wolteraok, i&.. 146. 124, 190B; 147. 480. 1908: 
airman PtU„ D,R.P. 146712, 1903; D. I. Mondel4off, Ber., 23. 3464.1690; A, T. Lanon and 
C. A. Black, Joiim. Jnd. Rng. Chem., 17. 715, 1026; A. A. Caxnp1>rI1, ib,, 11. 466, 1919; 

N. B. Dhar and R, P. Sanyal, Journ, Phys, Chem,, 29. 926, 1025 ; Shun-lcbi Uchida, tO., W. 1297, 
1026; Q. Kasaner, Canadian Pai. No. 258936, 1926; Arah. Pharm, 263. 112, 1925; Zetf. angew, 
CAcm., 87. 373, 1924; C. S. Pigerot, Jouri^ Amtr. Chem, Sac,, 43. 2034, 1921 ; G. P. Baxter and 
C. H. Hickey, ib., 38. 300, 1906; D, L. Hammick, TAem. Nwon, 114. 285, 1916; P. Wenger 
and C. Urfer, Ann. Vhin. Anal, 28. 97, 1918 ; G. A. Parley, U.8. Pat. Ro. 1608061, 1924 ; Chem. 
Jfet. Rnyy., 22. 12.'i. 1920 ; H. A. Curtia, t6., 27. 609. 1922 ; G. B. Taylor, ib., 26. 1217, 1922; 
W. Manchnt and J. Haaa, German Pai., D.R.P. 300651, 1016; M. Guichard, BuB, Sac. Enc. Nat, 
Ind., 132. 71, ] 920 ; W. S. Landia, Trans. Amer. Eleetroehem. Roe., 35. 283, 1919 ; C. S. Imiann and 
W. Buaaell, Journ. Soc. CAem. Jnd., 41. 37, T, 1922 ; W. G. Adam, Chifn. Trade Joum., 62. 181, 
1918 ; £. Warburg, Riizber. Akad. Berlin, 216, 1912; A. (Jnebn and G. Prigent, Zeil Elel^rochem,, 
20. 275, 1914; L. Huparo, P. Wenger, and P. ITrfer, Helvetica ('Mm, Acta, 8. 600, 1025; 
E. K. Kideal, Journ. Roy. Soc. Arts, 69. 638, 1921 ; W. W. Scott, Joum. Ind. Eng. Chem,, 10^ 
81, 1924 ; C. F. Bchonbein, Ritzbrr. Akad. Berlin, 580, 1856 ; A. W. Urimne and 0. R. Overman, 
Journ. Amer. Chem, Soc., 38. 285, 1916; Zeil anory. PAm., 94. 217, 1916; K. Jellinek, ib., 
49. 240, 1906 ; W. Traubc and A. fiiliz, Ber., 37. 3130, 1904 ; 39. 1G6. 1904 ; W. Traube and 
A. Si'himewald, ib., 38. 828. 1905 ; E. At iiller and F. Spitzer, ib., 38. 778, 1905 ; H. J. M, CYeighton, 
Journ. Franklin Insl, 187. 377, 599, 705, 1919 ; F. Balia, Ueher tkktru„iftisehe Oxydation dei 
Hydrazivs, Hydrorjlamins, und Ammoniaks, Berlin, 1906; F GrirRhaher, EUMrolysen in 
ammoniakalischer Losung, Baacl, 1912 ; H. Petersen, Mriall Erz, 13. 197, 1016 ; G. Soh&phaua, 
ib., 18. 21, 1013; E. I. Orloff, Journ. Russ. Phys, Chem. 8oc., 40. 65!). 1908; A. Brochet and 

O. Boiieau, Bull. Soc, Chim., (4), 5. 6G7, 1909 ; W. Koohmann, Arh. Phnrm. Insl, 8. 61, 1912; 
£. Dnnath, Zeii. Schitss-Spreng., 11. 172, 1917 ; Chem. Ini., 37. 513, 1914; 0. Dieffenbach, lA., 
87. 2G5, 1914 ; 0. T. Chri.stensen, Zeil anorg. Chem., 24l 203, 1900 ; Anon., Met. Chem. Engg., 11. 
438. 1913 ; Engg., 102. 440, 1916 ; Journ. Jnd. Eng. Chem., 9. 837, 1917 ; EUdrotezmea, 4. 102, 
1917; E. Schlumberger, Uther dir siaiiseht BesHmmung des Ammon ittkgleichgewicJUis in der 
Ndhe von 500" C., Karkruhe i. B., 1912; H. Selilumbergeranil H. PiotrowRky, Joum. Oaahekuzht., 
67. 941, 1914 ; A. Reia, Zeii. phys. (Mm., 88. 613, 1914 ; II. G. Krrul, Z( it. phys. Chem. UnXerr., 36. 
261, 1923 ; W. Sfcrcoke and U. Thienemaim, Ber., 53. B, 2096, 1920; 1. W. Cederberg, Brit. Pat. 
No. 2*36145, 1924; General Cbemical Co., tb., 136158, 1019 ; F. Raechig. Zeii. Phys. Chem. Gn/rir., 
81. 138, 1918; F. C. G. Af tiller, lA., 27. 160, 1913; Zeit. angeu}. Chem., 33. 24, 1920; B. Neumann 
and H. Rose, lA., 33. 41, 45, 51, 1920 ; 0. Wi hrheim, E7r Aer die Ojydotwn vonAmmaniak, Blnvsdure 
und Cyan, Darmatadt, 1010 ; K A. Hofmann, W. Linnmann. H. Gnbtti, H. Hagen rat, and 
U. Hofmann, Ber,, 69. B, 204, 1926 ; K. A. Hofmann and W. Linmann, I'A , 57. B, 818, 1924 ; 
W. P. Joriaaeu, Chem. News, 132. 140, 1926; 133. 290. 1026 ; ( hem. Werkbl . 23. 80. 1026; Trans. 
Faraday Soc., 22. 291, 1020 ; Bee. Trav. Chim. Pays^Bite, 44. 1039, 1925 ; 45. 162, 224, 400, 1026 ; 
W, P. JoriHsen and B. L. OngLiehong. lA., 45. 225, 1926; J. Zawadzky, Roes, CAcm., 11. 145, 192.3 ; 
J. Zawadzky and J. Wolmcr, tA., 11. 145, 1923; J. Zawadzky and 1. Liohtenatein, ib., 6. 824, 1 926; 

E. Alullcr, Zeii. Elektrochem., 32. 109, 1926; F, Raachig, Schuufrh und SUck-stoffstudien, Leipzig, 
221, 1924; L. Andniaaoll, Zeil angew. Chem., 39. 321, 1026; 40. 166, 1027; Zeii. anarg. Chem., 
166. 60, 1027; B^., 59. B, 458. 590, 1920; 60- B, 536, 1927; J. R. Partington, C.S. Pat. No. 
1378271, 1921 ; Joum.Soc. (Mm. Ind., 37. 337, R, 1018 ; Nature, 109. 137. 1922 ; 117. 690, 1926; 
in T« E. Thorpe, BtdioTuiry of Applied Chemistry, London, 4. 568, 1922; J. K. Partington and 
A. J. Prince, Joum, Chem. Soc., 125. 2018, 1924 ; £. C, C. Boly and H. M. Duiicaii, ib., 121. 
1008, 1922 ; A. Smita, Proc. Arad. AmsUrdam, 26 266, 1023 ; Zeil phys. Chim , 100. 477, 1922 ; 
H. B. Baker, Joum. Chem. Soc., 101. 2339, 1912 ; 121. 568, 1922 ; A. G. White, tA., 121. 1688, 
1922 ; 127. 48, 1925 ; K. Inaba, Rikuxxgaka Kenkyujo Iho, 2. 222, 423, 431, 1923; E. Wourizel, Le 
Radium, 11, 289, 332, 1910; W. W. ^ott and W. D. LMch, Joum. Ind. Eng. Chem., 19. 170, 
1027; H. S. Taylor and J. R. Batca, Proc. Nat, Acad., 12. 714, 102G; B. G. Diokmaon and 
A. 0. G. AfitcheU, Jnum. Amer. Chem. Soc., 49. 1478, 1927; Proc. Nat. Arad., 12. G92, 1926; 
R. E. Burk.tA., 18. 67, 1927 ; E. Bodenstein, Zeil. angrw. CV/rm., 40. 174, 1927 ; F. J. Liljenrotli, 
Canadian Pat, No. 264401, 1926 ; S. Uchida, Joum. Phys. Chm., 80. 1297, 1926 ; C. L. Paisona, 
Joum. Ind. Eng. Chm., 19. 789. 1927. 

* H. IfoiBaan, Ann. Chim. Phys., (6), 12. 472, 1886 ; A. Valentini, Oazz. Chim. lUd., 14. 214, 
1884; F. Donny and J. Marcaka, Compi, Bend., 20. 817, 1845; Liebig's Ann., 56. 160, 1845 ; 

F. Kaaohig, Ztit. angeio. Chem., 20. 1734, 1907 ; Chtm. Ztg., 27. 92C, 1907 ; Bvr., 40. 4580, 1907 ; 
Liebig's Ann., 241. 263, 1887 ; J. Thiele, ib., 273. 160, 1892 ; A. J. Balard, Joum. Pharm. Chim., 
(1), 12. 617, 1826 ; (2), 20. 661, 1835 ; Ann. Phil, 12. 381, 411, 1826 ; Saentific Memoira, 1. 269, 
1837 ; Ann. Chim. Phys., (2), 32. 337, 1826 ; (2), 67. 225, 1834 ; C. Hugot, tA., (7), 21. 6. 1900 ; 
J. Kolb, ib., (4), 12. 267, 1867 ; A. Binenn, tA., (3), 15. 71, 1845 ; Compt. Rend., 19. 762, 1844 ; 
F. von Stadion, Gilbert's Ann,, 62. 197, 339, 1816 ; A. Ditto, Bull. Soc. Chim., (2), 13. 310, 1870 ; 
E. J. MaumenA, tA., (2), 48. 010, 1887 ; P. L. Simon, ScherePa Joum,, 0. 688, 1802 ; G. F. Schdn- 
bein, Joum. piukt. Chem., (2), 84. 307, 385, 1801 ; W. H. Seamon, Chem. New% 44. 188, 1881 ; 

0. RuB, Bar., 8A 3025, 1900 ; K. A. Hofmann and W. Linnmann, ib., 57. B, 818, 1924 ; E. Rlecher, 
Zeit. anal. Chem., 42. 677, 1003 ; T. Oryng, C'AemtacAe Kineiik der Einwirhung von unitrchMg- 
eauren Natrium auf Ammaniak hei verschuidenen ZueStzen, Heidelberg, 1010 ; H. J. H. Fenton, 
Joum. Chem, Soc., 33. 300, 1878 ; 86. 12, 1879 ; G. Lunge and R. Sohooh, iA., 20. 1474, 1867; 

1, ESrontp i5.« 87, 4290, 1004; C. F. Cron and E. J. Bevan, Joum, Soa. Chem, Ini., El, 



NIIBOQBN 


227 


1167. 1606 ; G. Denlg&i. ComjA. Bend,, 171. 177, 1020 ; L. TrooBt, i&., 88. 578. 1879 ; Q. Denig&i 
■od J. Bulot, BulL SoG, Ohm., (4), 27. 824, 1020 j D. R. Nanji ud W. S. Shaw, Analyst, 48. 
473, 1023. 

* A. F, de Founvoy, Ann. PAyf., (1), 2. 210, 1780 ; F. A. FlucUger, Zeit. anal, Chm,, 
2, 398, 1863; Fham. Vierteljahr,, 12. 321, 1883; K. Martm, Bull. Acad. Bdy,, 4. 84, 1837; 
Jwm. CMin. Mid., (2), 8. 430, 1837 ; M. J. Fordoi and A. Gdlu, Ann. Ckim. Fhya., (3), 82. 385, 
1961 ; H. V. RegnauJt, ib., (2), 69. 170, 1838 ; 0. Hiigot, ib., (7), 21. 5, 1000; E. Sonbeinui, ib., 
(2), 67. 74, 1839 ; 11. Sohiff, Lkbyt'a Ann., 102. 113, 1857 ; R. Epenachied. ib., 118. 101, 1800; 
l/eW daa Sivckaioffadcn, GOttingen, 1869 ; A. K. Maobeth and H. Graham, Proe. Boy. Iriah 
Acad., 86. 31, 1023 ; A. Michaelis, Zeit. Chem., (2), 6. 460, 1870 ; Jsna Zeit„ 6. 70, 1870 ; H. Roae^ 
Fogg, Ann,, 88. 236, 1834 ; 48 . 416, 1837 ; 44 . 281, 1838 ; 61. 397, 1844; R, Motzncr, Compt. 
Bend., 124. 32, 1897 ; J. B. Scndcrena, t6., 104. M, 1B87 ; H. Moiasan, i5., 182. 610, 1901 ; 
Q. FoTchbammer, ib., 4. 396, 1837 ; V. A. Jaqnelain, ib., 10. 1127, 1843 ; L. Truoab, ib., 88. 
678. 1207, 1879 ; C. A. Seoly, Chem. Newa, 22. 217, 1870 ; 28. 100, 1871 ; 0. Gore, Proc. Boy. 
8oo„ 20. 441, 1872 ; 21. 140, 1873 ; E. G. Franklin and C. A. Eraiu, Afn«r, Cheny, Journ,, 20. 
821, 1898 ; A. Smith and W. B. Holmefl, Joum. Amer. Chem. Soe., 27. 970, 1905 ; V, Lcnhcr 
and E. Wnlrnscnsky, ib., 29. 215. 1907 ; D, M. Yost, ib., 48. 374, 1920 ; H. Manhall, Proc. Boy. 
8oe. Kdin., 28. 103, 1901 ; E. Divom and M. Ogawa, Journ. Chem. tioc., 77. 327, 1900 ; F. Jones, 
ib., 29. 041. 1870; H. Piotrowsky, Z7e6er die Einwirkuny wm Armoniak and Hydrazin anj 
Verhindangen dea Schioeftla, Bom, 1911 ; F. Ephraim and H. Piotrowsky, Ber., 44. 386, 1911 ; 
F. MichM, E7e5ff die Btaktion zwiachen Sulphwylehlorid ttnd Ammoniak, Bern, 1010 ; A. Mente, 
Vrbrr cinxqr anorganiache Amide, HiuinoTer, 1888 ; lAebig'a Ann., 248. 267, 1688 ; M. Traube, 
Ber.. 25. 2472, 1892 ; A. Hantuoh and A. Uoli, ib., 84. 3430, 1901 ; A. Hantzsch and B. C. Stuer, 
tb , 38. 1038, 1905 ; H. Schumann, Zeii. anorg. Chem., 18. 43, 1900 ; 0. Brunner, iMnyltr^a Joum., 
151. 371, 1869; MiU.Bim., 70, 1868; J. W. Dobminer, 8ehu>eigger*a Joum., 47. 120, 1820; 
M. Watts. Manual of Chemistry, London, 1866 ; S. M. Jorgensen. Journ. prakt, Vhtm., (2), Zb. 
393, 1883; (2), 27. 433. 1883; A. Loir and G. Brion, BuU. 8oc. Chim., (1), 2. 180. 1660; 
A. Wornnin. tb., (1), 2. 452, 1860 ; R. Krmpf, Ber., 88. 3972, 1906 ; 0. Rufi and E. fiois^a, ib., 
38. 2059, 1905; 0. RuJ9 and L. Hrcht. Zeit. anorg. Chem., 70. 49, 1911 ; G. Seagliariiu and 

0. 'ronlh, Cazz. Chim. lUil, 51. ii, 277, 1921. 

* J, L. Gay Lussao, Ann. Chim. Phya., (2), 1. 317, 1810 ; P. L. Dnlong, tb., (2), 2. 317, 1816; 
A. Diiioau, lb., (2), 67. 229. 1838 ; (2), 70. 266, 1839 ; A. F. ds Fouroroy, ib., (1). 2. 219, 1789 ; 
J. Prrisnz, iTf.. (2), 44. 32L, 1830; G. Gerhardt, tb., (3). 18. IBB, 1846 ; A. Baudrimnnt. ib., (4), 
2. 6, 1865 ; A. T, Larsnn and C. A. iSlaok, Journ. Ind. Eng. Chem., 17. 715. 1926 ; W. Henry, 
Proc. Manchr<dfr Lit. Phil. 8oo., (2). 4. 499. 1824; Ann. Phi, (2). 8. 299, 334, 1824; Phi. 
Tran^,, 99, 430, 1809; NtcholsaftCa Journ., 25. 152, 1810; G. Bisebof, 8chweigqzCa Journ., 43 
257, lh2J ; Badjscho Aiiiliii- und SudaJabrik, Brtt Pat. No. 241135, 1925 ; W. \\ i^iliceiius, Ber., 
25. 2084, 1892; A. Hichaclifl, tb., 4. 777, 1871 ; H. BUtz, ib , 27. 1268, 1894 ; A Stock, ib., 30, 
1IKi7, 1900; E. Snubriran, Joum. Pharm. Chim., (2), 18. 329, 1827; F. A. Flurkigr^r, tb., (3), 
45. 453, 18(>4; P. T. Austen, Anur. Chem. Joum., 11. 270, 1889; G W. Buckmaim, Virauik 
ufjer dot Verhalten dea Phoaphorua tn verachiedenen Oaaarten, Erlangen, 1800 ; A. Vogel. OUbirfs 
Ann., 45. 66, 1813 ; 48. 376, 1814; E. G. Franklin and C. A. Kraus, Amrr. Chrn. Journ., 20. 
820, 830, 1898 ; 21. 8, 1800 ; H. Rose, Pogg. Ann., 24. 308, 1832 ; 28. 620, 1833 ; li. Schiff, 
Lifbiga Ann., 101. 300, 1857 ; J. tod Liebig and F. Wohler, ib., 11. 139, 1834 ; 8. (vuttnann, 
tb., 290. 207, 1808 ; J. H. Gladstone, Joum. Chem. Soc., 2. 121, 1849 ; 3. 135, 353, 1851 ; 
J. U. Gladstone and J. D. Hulmes, ib., 17. 225, 1864; H. B. Baker, tb., 73. 422, 1893; 
T. F,. Thnn^e and A. E. Tutlon, tb., 50. 1010, 1801 ; G. Uhoyiicr, Compt. Bend., 63. 1003, 1866 ; 
64. 302, 1867 ; A. BoHSon and G. Rosaet, tb., 142. 633, 1906; C. Hugot, tb., 141. 1235, 1005 ; 
A. R(jsenheim and F. Jaoohsohn, Zeii. anorg, Chem., 60. 297, 1006 ; E. J. B. Willey and 
£. K. Rideal, Journ, Chem^ 8oc„ 660, 1027. 

> L. (;iuupt, Ann. Ckim. Phya., (1), 11. 30. 1791 ; C. Langlois, ib., (3), 1. Ill, 1841 ; F. KuU- 
mann, Lhhig'a Ann., 38. 02, 1841 ; G. Woltzien, ib., 132. 234, 1804 ; H. Delbruck, Journ. prakt. 
Chem , (1), 41. 161, 1847 ; R. M. Badger. Jemm. Amer. Chem. 8oc., 46. 2166, 1924 ; H. H. Bchlu- 
bach and H. Miedel, Ber., 57. B, 1662, 1924 ; G. W. Dorroll, Joum. Chem. 8oc., 127. 2399, J925 ; 

J. W. Beeson and J. R. Partington, ib., 127. 1140, 1025; A. Millet, BuU. Chim. Soc., (2), 37. 
337, 1883; (2), 48. 238, 1688; Compt. Bend., BO. Gil, 1880; IDI. 432, 1885; A. Guuder, ib., 
180. 026, 1025 ; Ij. Knorr, Ber., 82. 729, 1800 ; A. M. Wasilieff, Jevm. Buaa. Phya. Chem. 8oo., 
40. 432, 1017; G. Baumo, Joum. Chim. Phya., 12. 206, 1014; M. Knothn, Etnunrkung von 
Ammonink auf Sdnredtchlonde, Weida i. Tbiir., 1012 ; L. Woisborg, The Beac/ion beiufctn ('urbon 
and Ammonia at Moderately High Temperaturea, Boston, 1015 ; U. von Wartenberg, Zrit. anorg. 
Chem., 52. 290, 1009; W. Bertelsmann, Chem. Zig., 38. 1025, 1078, 1090, 1009; F. Bidet, 
Action du gaz ammoniac aur lea cMorhydraiea d'aminea primairea, Paris, 1914; A. B. Brown 
and E. E. Reid, Joum. Phya. Chem., 26. 1067, 1924; A. R. Ling and i). R. Nanji, Journ. Soc, 
Chem. Ind., 41. 151, T, 1922 ; L. G. Maillaid, Compt. Bend., 154. 66, 1012; G. L. Linier, Zcit. 
gea. Brauw., 85. 545, 1912; H. Jackson and D. K. Laurie, Joum. Chem. Soc., 87. 433, 1005; 

K. G. Bailey, Proc. Boy. Soc. Dublin, (2), 16. 165, 1926; F. Dobler, Zeit. phya. Chem., 101. 

1, 1922; G. A. Kraus and E. H. Zeitfuchs, Joum. Amer. Chem. Boc , 44. 1240, 1922; 
A. B. Brown and E. E. Reid, Joum. Phya. Chem., 28. 1067, 1024; H. B. Merrill, Journ, ind, 
Eng, Chem,, 19. 386, 1027; E. Bergmann, Eng, Min, Joum., 61 . 440, 180G; Joum. Cuabr- 
kuckt., 89. 117, 1896 ; G. A. Voerkelius. Chem, Z(g„ 84 . 1025, 1909 ; P* K. de LambiUy, Oerman 



228 


INORGANIC AND THEOBBTICAD CHEMISTRY 


Pat., D.R.PP. 14215, 15613, 1893 ; D. Lanoc ind L. R. E. de Bourgade. Brit. Pat. No. 26320, 1807 1 
H. G. Wollenck, i6., 19S04, 1902 ; J. llBotear, A.. 6037, 1 899 ; C. Bcindl, Oeman Pat., 1KR.PP. 
216264, 1900 ; 264068, 1912; 281723, 1914; G. BiedigandK. El6d, Brit. Pal.Nu. 229774, 1026; 
H. Horbat, die SffnthuB der Blawawt mu Ammoniak md KohknMyd, Karlsruhe, 1920 ; 
K. K. Muller, Zw Kfnninia dn BUtuhdurehildung aw Kohknaxyd und Ammoniak, Griefswald, 
1926 ; A. Mailhe and F. de Godon, Bull. Soc. Chim., (4), 87- 737, 1920. 

' A. F. de Fouicroy, Ann, Chim. Phys,, (1), 8. 219, 1789 ; (1), 6. 293, 1790 ; R, Tuppnti, A., 

(1) , 7K 133, IBll ; H. Hiendlmaior, VerAallen von Ammoniat gegen MeiaBhydroxyde in Oegenwart 
ichtoaeher Sauren, MuDchen, 1907 ; A. von Unroh, Bintnrkung wn iirocknm Ammoniak anj 
fmwr/reie VranyUake, Berlin, 1909; F. W. Bergstrom, Journ. Amer, Chem. Soe., 47. 2317, 1025; 
4B. 23 0, 1926 ; Jown. Phya, Chern,, 89. 160, 1925; £. G. Franklin, Jown. Amer. Chem. 8oc., 85. 
1460, 1913 ; E. 0. Franklin and C. A. Kraus, i6., 87. 822, 1006 ; Amer, Chem, Jtmm., 28. 306, 
IDOO ; E. Fleisohsr, Joum. prakt. Chem., (2), 8. 49, 1870 ; 0. Miohel and E. Grandmongin, 

26. 2666, 1893 ; 0. Ruff and £. Geisel, ib., 89. 828, 1906 ; G. W. DoireU, Journ. Chem. Soe„ 127. 
2399, 1926 ; A. Rosenheim and F. Jaeobeolm, ZrU, afiorp. Chem., 60. 297, 1906 ; F. Jacobsohn, 
Die Einwirhung von fiOsaigfn Ammoniak auf einige MrtaUadureanhydride, Berlin, 1906; 

K. Alberta, Uther die Einwirkung von QaaaMSmn wie Kohlmadvtt, Ammoniak, BoJkadurr, Ctdm, 
Brom, Tetrachlorkohltnatoff auf SvIfaU und Sulfide, Heidelberg, 1920 ; H. F. Cady and R. TaEt, 
Jofim. Phys. Chem., 29. 1067, 1936 ; T. J. Webb, Joum, Amer. Clum, Sot., 48. 2263, 1926 ; 
C< van Brunt, Science, (2), 65. 63, 1927 ; M. Copisarow, Joum, Chem. Soc., 222, 1927 ; R.Frickr 
and 0. Sawrlaek, Zeit, phya, Chem., IM. 359, 1926. 

' H. Tamm, Chem. Rewa, 25. 20, 47, 1872; F. Jones, ib., 87. 36, 1878 ; Jonm. Chem. Soc., 

88. 96, 1878 ; J. A. Wanklyn and A. Gajngee, ib., 21. 26, 1868 ; S. Hoogerw^ and W. A. van 
l)i>rp, Ber., 10. 1036, 1877 ; C. F. Sohbnb^i, Joum. prakt. Chm., (1), 82. 231, 1860; (1), 84. 
193, 1801 ; S. Clooz and E. Guignot, Bull. Soc. Chim., (2), 1. 134, 1864; E. J. Maumen6, ib., 

(2) , 49. 860, 1888 ; 1. M. Kolthoff, Pharm. Wukbl., 61. 954, 1924. 

* 4. 31, 26; J. NesslBri Ueber daa Verhalten dea Jodgiteckailbera U9id dcr Qneekailberverbind- 
ungen nberhaupt zu Ammoniak und Ubcr cine nrue ReaHion auf Ammoniak, Freibnrg i. B., 
1866 ; Zeit. anal. Chem., 7. 416, 1868 ; L. L. de Koninek, tb., 32. 168, 1SD3 ; 0. Grotho and 
H. Friedburg, tb., 22. 81, 1883 ; L. W. Winkler, Chem. Ztg., 23. 454, 641, 1899 ; Ber., 21. 2843, 
1888 ; 0. Emmerling, ib., 85. 2201, 1902 ; A. Sohurmann, Journ. prakt, Chem., (2), 4. 374, 1871 ; 
H. Fleck, ib., (2), 6. 263, 1672; J. L. Lasaaigne, Joum. Chim. Mid., (1), 6. 628, 1832; 
£, V. Gardner, Chem. News, 25. 03, 1872 ; J. A. Wanklyn, ib., 28 13, 1873 ; F. de Chaumnnt, 
ib., 28 03, 1873 ; S. W. Rich, ib., 28. 93, 1873 ,- A. 0. Hehner, ib., 38. 186, 1876 ; W. J. Hibdin, 
ib., 44. 303, 1881 ; A. Hazen and H. W. Clark, ib., 62. 126, 1800; Amer. Chem. Journ., 12. 
426, IBOO ; £. Frankland and H. E. Armstrong, Joum. Chem. Soe., 21. 77, 1868 ; £. T. Gbapmau, 
tb., 21. 68, 18GB ; J. Latachenberger, Monaiah., 5 120, 1884; G. Kgoling, Ncd^l. Tijdi Pharm., 
12. 118, 1900; W. A. Miller, Joum. f’hem. Soc., 18. 117, 1806; Chem. Newa, 11. 269, 1666; 

L. 1. de N. lloBva, Bull. Soc. Chim., (3), 11. 216, 1804 ; S. 6. Graves, Joum. Amer. Chm. Soe , 
27. 1171, 1916. 

A. Tiillat and M. Turohet, Compt. Rend., 140. 374, 1005 ; E. Riegler, BvU. Soc. Bueureai, 
6. 335. 1897. 

H. Rose, AuafUhrlichee Ilandbueh der analytiachen Chemie, Braunschweig, 1. 876, 1861 ; 
J. MiiUer, Arch. Pharm., (2), 49. 28, 1847 ; G. G. Wittaicin, ib., (3), 8. 398, 1873 ; G. Rohstoincr, 
Zeit. anal Chem., 7. 363, 1868 ; A. Schciyen, ib., 2. 330, 1863 ; V. Einbrodi, Joum. prakt. i'hem., 
(1), 57. 160, 1852; E. Bohlig, Liebig’s Ann., 125. 21, 1863; A. Ferraro, BoU. Chm. Pharm., 

89. 707, 1901. 


18. The Oautitation ol the Ammonium OomponndB end the Amminea 

A body posseabiiig so many interesting propertios as amiuonia, standing as it wore on 
the confiiiBS uf miueral and of organic chomistry, and forming the connecting link botueen 
thorn, must even, on its own account, and still more from the remarkable variety of rlossos 
of oombinations into which it enters, occupy a prominent place in the general theory of 
chemistry. — 1^. J. Kane. 

It BeemB as if tervalent nitrogen in umnonia, NH3, changes into q^uinquevalont 
nitrogen in forming ammonium chloride, NH4CI. F. A. Kckulb ^ rigidly adhered 
to the doctrine of fixed valency, and the ready dissociation of ammonium chloride 
into ammonia and hydrogen chloride led him to assume the eidstcnce of what 
he designated molecular OMnpounds, and to reject the hypothesb of a quinquevalent 
nitrogen atom in the ammonium compounds. He apphed the term atomic compouiads 
to those compounds in which all the atoms of the elements are united in such a 
way that their valencies are saturated. “ These/’ said F. A. Kekul^, “ are the true 
chemical molecules, and the only ones which can exist in the gaseous state.” He 
assumed that the atoms of different molecules could attract one another so as to 
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produce a kind of coupling of the molecules^ and the coupled molecules weie called 
molecular co^ounds, and symbolised accordingly thus, ammonium chloride 
becomes NHs,CIH, etc. The nature of the atoms of the copulated molecules may bo 
such that double decomposition is not possible, and the two molecules, so to speak, 
adhere and form a group endowed with a certain amount of stability, which is 
always less than that of atomic combination.'’ In other words, F. A. Kekuli 
assumed that molecular compounds are formed by direct addition of two or more 
simple mols., and the simple mols. retain to some extent their individuality, for 
they can be readily separated from one another apparently unchanged. 
F. A. Eokuli cited as examples of molecular compounds : ammonium salts, phos* 
phorus pentachloride, iodine trichloride, crystalline salts which furnish anhydrous 
salt and water, etc. The compounds of silver chloride and ammonia, ferrous 
sulphate and nitric oxide, etc., can be added to the list. To sum up F. A. Eekule’s 
position ; in order to make the theory of constant valency compatible with the exist- 
ence of more complex molecules, it was assumed that these molecular compounds 
belonged to a different type of combination. These molecular compounds formed 
a miscellaneous group to which everything was relegated which did not fit the 
arbitrary hypothesis of constant valency, and it included many of the higher 
rhloridcs, higher oxides, double chlorides, hydrated compounds like the alums, etc. 

The amnwniorTadicle theory. — The oldest hypothesis concerning the nature of 
the ammonia-compounds, and that adopted by A. L. Lavoisier, supposed ammonia 
to bo an independent base or radicle, saturating acids, and forming salts. This 
tlipory has been likened to the etheiin theory of J. fi. A. Dumas and P. F. 6. Boullay. 
The radicle is NHs; sal-ammoniac is NII3+HCI; etc. The theory makes no 
attempt to explain the nature of the other clames of ammonia-compounds ; nor does 
it explain the relation of ammonia to ordinary bases, which are metallic oxides, nor 
the differences between the ammoniacal salts from metallic salts of the same acid. 
Later on, the theory became associated with the moL compound theory, so that 
sal ammoniac was represented by F. A. Eekul6 as an associated complex of ammonia 
and hydrogen chloridr, in which the ammonia remained tervalent. These com- 
pounds were considered to be analogous to double salts, and to substances with 
water of crystallization. This view was supported by the ready dissociation of 
sal ammoniac by heat— a subject discussed in connection with ammonium chloride 
(2. 20, ] 6). H. Rose also emphasized the analogy between compounds of ammonia 
and of water in various salts as exemplified by the use of the term ammonia of 
crystallization. 

The amide theory. — In the amidogen theory of U. Davy, J. von Liebig, and 
R. J. Eane, ammonia is supposed to be compounded of a univalent radicle, NHm, 
which he called amidogen ; ammonia is regaried as amidogen hydride, or hydrogen 
amidide or amide^ NH2.H ; and, added R. J. Eane, hydrogen amidide can fulfil 
the same functions as water— f.c. hydrogen hydroxide, H.OH— both as basic wster 
and as water of crystallization. Sal ammoniac is hydrogen chloroamidide, 
NII2.H-I-HCI ; if chlorine could bo abstracted from sal-ammoniac, the residue 
woiJd be hydrogen subamidido as when by removing chlorine from white precipi- 
tate, mercury subamidido is formed (4. 31, 14). The amide theory has been likened 
to the acetyl theory of II. Y. Regnault, and J. von Liebig. 

The ofmnemium theory. — ^In the ammonium theory of II. Davy, A. M. Ampbre, 
and J. J. Berzelius, it was assumed that the ammonium compounds contain a metallic 
radicle, NH4 (4. 31, 3B), which may replace potassium, sodium, etc., in different salts . 
When ammonia unito with hy^ogen chloride, the NH4-radiclo is formed which 
unites with chlorine to form ammonium chloride in the same way that potassium 
united with chlorine forms potassium chloride. The ammonium theory thus corre- 
sponds with the ethyl theoiy of J. J. Berzelius, and J. von Liebig. The nitrogen 
is assumed to be qumquevalent, and this b in harmony with the work of V. Meyer 
uul M. T. Lecco, A. Ladenburg, and W. Lossen on the quatem^ ammonium 
bases, and with the isomorphism of the ammonium and the potassium salts. 
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There is a difficulty in explaining the union of hydrogen chloride and ammonia 
on the ammonium theory : NH3+HCl=NiI(Cl, because the reaction is attended 
by the evolution of a considerable amount of heat : NH 3 gu+HC!leaB=NH 4 Cl|oiid +13 
Cals. The separation of hydrogen chloride into its constituent elements is attoded 
by the absorption of a considerable amount of heat— about 2 B 7 Cals. — and the union 
of chlorine and hydrogen with nitrogen is presumably attended by the evolution of 
a small amount of heat so that it might have been anticipated that the reaction 
would be endothennal. As M. E, Chevreul said, it is difficult to sec how the feeble 
affinity of chlorine lor nitrogen can overcome its powerful affinity for hydrogem. 
A. Wurtz, and L. Meyer consider the difficulty may be overcome by assuming that 
the affinity of chlorine for hydrogen is satisfied by the attraction it exercises in all 
the atoms of hydrogen within the molecule of ammonium chloride. H. Remy dis- 
cussed the structure of the ammonium radicle ; and H. Hcnstuck gave for the 
electronic struciuie of the hydroxide : 

-H H 

-U N-O+H} while II:N:H :Cl 

-II L ii 

was given by G. W. F. Ilolroyd lor ammonium chloride. The subject was also 
discussed by E. B. R. Prideaux, and F. Hund. M. L. Huggins made estiiiintcH of 
the interatomic distances of the atoms in the ammonia mnleculo. 

T. M. Lowry represented the strong acidity developed wlicn, say, lydrogi'U 
chloride is mixed with water by assuming that the reaebion cuti be symbolizi'd 
llUH-HjO^Cr+Oira, which, expressed in terms of the cleclron tli(‘ory of atomic 
structure, means that the hydrogen nucleus does nut readily attach itself to an 
octet too fully occupied by other atoms to leave room for an addilituial mirleiw ; 
the water provides the required acceptor for the hydrogen nucleus, and tlie ioniza- 
tion of the acid involves the transfer of a portion from one octet tu anuthci : 

H 

meaning that the ionized acid is really an ionized oxouium salt. In the case of 
bases, T. M. Lowry assumes that the real function of a base is that of an acceptor of 
hydrogen ion. Thus, If the base is suilicienlly strong, it may 

not only accept the hydrogen nuclei driven from the moleules of an acid: 
NII8+1I’^NH4, but it may take, them fruiu comi)L)uinLi like water in which tla^y 
are only weakly held: NH3H-I1011^Nir4+0ir, so that the streiigih of the 
base is manifested by the liberation of hydroxyl ions. Measurements of the 
OH'-ions show that their concentration in a soln. of ammonia in watiT is small ; 
and hence ammonium hydroxide is regarded as a weak base, so weak, indeed, that 
there can be no question of ammonium competing with the alkali metals in basic 
strength. On the other hand, suppose that the salts of utl unknown basic radicle 
were being examined, and the properties of these salts had all the properties of the 
ammonium salts, as R. M. Caven haa pointed out, it would undoubtedly be assumed 
that the ammonium radicle is comparable with the alkali metals in basic strength. 
The physical measurements of the cone, of the OH'-ions, however, do not show 
whether the compound formed by ammonia and water is ionizablc or not ; nor 
whether the compound is NH4OII, or NH8.H2O. T. M. Lowry assumes that Nils 
and not NII4OH is the base; and that the course of the reaction is NUs-j-H' 
+OHVNH*4+Oir and not NHa-j-HgO^NHiOH, followed by NI^OU^Nir* 
-j-OH'. R. M. Caven showed that both hypotheses explain equally well the 
properties of soln. of ammonia and of ammonium salts, whereas T. M, Lowry’s 
hypothesis accounts for the properties of the solid ammonium sails in containing 
the strongly basigenic though unstable ammonium radicle. This subject was 
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also diBouBBed by A. E. C. Smith, H. S. C. Briggs, V. A. Izmaildsy, H. Bemy, 
T, S. Moore, etc. 

U. E. Armstrong emphasized the inadeqtiacy of the aminoniim theory to 
account for the extraordinary stability of tetramethylammonium iodide, (CH5)4NI| 
towards the strongest caustic alkali, and showed that the halogen compound behaves 
more like an alkyl iodide than ammonium iodide. Hence, it was inieired that the 
halogen is not simply associated with the nitrogen, but is rather retained and 
protected or masked by combination with a hydrocarbon radicle. The idea can 
be itlustratcd graphically : 

CH3V CHj pjj 

CHg^N^I-CHg not CH3>N</ ® 

CH3 CH3'^ 

Following up this idea, J. C. Gain represented the ordinary ammonium salts by 
formula} like HaN-^Cl— fl for ammonium chloride, NH4CI; and H3N-O -H2 
for ammonium hydroxide, NH4OH, in which tcrvalent halogen and quadrivalent 
oxygen alums are postulated. Similarly, ammonium sulphate, (NH4)2S04, bi*comes 
H3N-=0(H)— SO2— 0(IJ)-'Nfl3 ; ammonium hydrosulpldde, NIJ4IIS, becomes 
EjN-'-S— H2 — ^sulpliiir quadrivalent; and ammonium sulphide, (^4)28, becomes 
(H3N) - *S- llg. The ionization of ammonium salts is usually symbolized 
Njl4Cl^NH'4+Cr, and is explained, on this hypothesis, by assuming there is 
first a dissociation II3N ; C1H^N1I3+HC1, followed by an ionization of the acid, 
lICl^ir-f'CT, and a union of NH3 with the hydrogen ion to form a complex NIT3.H 
thus Nllg+ll VNHs-ir, There is nothing in the evidence to distinguish between 
NIl4' and NII3.U-, 

The isomeric optically active substituted ammonium salts which liavo been 
reported by organic chemists are not readdy explained by an ammonium theory 
such as Las been wrongly assumed to have been established by the cxperimeiits of 
V. Meyer and M. T, Lecco— viWe Awpm, J. C. Cain argued from the above hypo- 
lliesiB of the ermstitution of the ainmonium compounds that the optical activity is 
the result of a similar spatial coniiguration as that assumed for the carbon com- 
pounds where the quadrivalent nucleus, say ECr", instead of quadrivalent carbon, 
is ut the centre of a tciraliedrun so that 


cdrresiiondd with 



J. 0 . Cain similarly extends the idea to the phosphoniiim, H3P—CIH; the nrsoniiira, 
HyAs— CUI ; tliestibonium, UatSb—ClII; the sulphomuiii, UgS—ClIl; theoxonium, 

IlgO nn ; and the diazoniuiii, U0II5— N conqiounds. 

According to F. llcitzonstein, the platinum-ammonia compounds, on account 
of their stability and characteristic behaviour, form perhaps the best defined series 
among the wlioln of the metal-ammonia conipouncb, and they serve as a typiral 
model for the study of the others, ii, Magnus’ observations: Uehrr einujt* ncuc 
Verbinduugen de» IHathichlorurSf in 1828 , form the starting-point of a number of 
important studies on the compounds of ammonia with the, platinum salts — r.//. by 
J. Uros, 11 . J. Kane, J. Reiset, M. Pcjrrone, M. llaewsky, S. M. Jiirgensen, A. Werner, 
and many others. J. J. Berzelius suggested the first theory of their constitution. 
He supposed they are gi^paarie Verhindungcn in which the ammonia cannot be 
neutralized by an acid, and is without influence on the saturation capacity of the 
base. The so-called . 1 . Roiset’s first chloride was symbolized 1 * 1 . KH2.Efl40l by 
J. J. Berzelius, and this trauslatcd into modern symbols is equivalent to the formula 
Cl.NH2(NIl4).Pt.NH2(NH4),Cl, where VWU) is supposed to be paired with 
N2H8CI2. The doctrine of union by the, pairing or copulation of mnU. rested on 
G. F. Geihanlt’s corps copuleSf and it gradually came to bo identified with chemical 
combination (h 5 , 16 ). 
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C. F. Gerhardt referred the pktinum baseB to the unmoma in which dif< 
fprent atoms of hydrogen were replaced by platinnm or nnimoxiiiun, 
hypothesis assumed many difierent gnises, as is illustrated by the diffeirent fonnuls 
proposed by A. W. Hofmann, C. Weltsien, J. Q. Gentele, W. Odling, H. Kolbe, 
H. von Euler, for any particular compound, say, J. Reiset’s tot chloride. 0 . F. Ger- 
hardt gave N|H^t.HCI; A. W. Hofmann, H4Pt(NH4)sN2Cl2 ; C. Weltzien 
N2{H4(NH4)2Pt}Cl2 ; W. Odling, Pt(N2H5)2.2Ha ; H. Kolbe, I{Pt(NH8)2}H2lN2a2 i 
etc. The various explanations based on the substitution of hydrogen in ammonia 
by ammonium was desJgnsfed as “ unscientific play which serves no useful purpose. ’’ 
The compounds concerned were also assigned sysiematic names consonant with the 
particular hypothesis employed in building their constitutional foimulee. As a 
result some of the longest known ammonio-metal bases and salts have half-a-dosen 
difierent systematic names. Thus, J. Reiset’s first base, Pt(OH)2.1NHg, was 
called flaioi%ammon\um oxyhydrafe by C. W. Blomstrand, phiodiamminihydrate 
by F. T. deve, d^plalosamine by C. F. Gerhardt, ammonpZatommontum oxyhydraUt 
by C. Grimm, phtinous tetramminohydroxide by A. Werner. In W. Odling’s system, 
the platinouB and platinic compounds were each divided into two groups, one group 
contained the amine NH2-iadicle, and the other the univalont group N2H5, that is, 
NH2.NI^ called the ammonamine radicle. Thus J. Reiset’s first chloride was 
represent Pt(NH2)2*2H^ Peyrone’s chloride Ft(N2H5)2.2HCl. 

C. E. Claus, in his work Betirdge zur Chmie der PUUinmoi^ (Dorpat^ 1 B 54 ), 
rejected the ammonium theory as an explanation of the constitution of the metal- 
ammonias, and he advocated the older formulte which regarded these compoundR 
as products of the union of the metal oxide with ammonia and an acid. He was in 
a difficulty in explaining how the characteristic properties of ammoma are so masked 
that the ammonia cannot be detected by the usual reagents, and he postulated that 
in the ordinary ammonium compounds the ammonia is in an active state, while 
in the metal-ammonias it is passive. This hypothesis, said C. Weltzien, explams 
nothing ; it can never be accepted by chemists because every atom in a comiiound 
must exercise au influence on the properties of the whole complex. C. E. Claus 
adopted a modified form of J. J. Berzelius’s theory of copulate compounds, but 
instead of representing J. Rciset’s first chloride, with J. J. Berzelius, as 
Ft{NH2(^4)^l}2» he represented it as a compound of ammonia with platmous 
chloride, namely, (NH8)4FtCl2. This view was still further modified by C. W. Blom- 
strand, and S. M. Jorgensen. It was assumed that ammonia molecules ran unite 
together in chains like the dyad CH2-groupB unite in chains to form homologous 
senes of hydrocarbons For instance : 

p. ^^nh3- NHg-a n . p. , NH3-NH, - n 

^ NHa-NHy-d n ^ NlVNHj-fJ 

S. M. Jurgensen investigated the chlnro- aud the brumu-pentamminoeobaltic 
salts, C0CI8.5NH3 and CoBra.fiNHs, and found that in each senes one of the halogen 
atoms IB related to the whole complex difierently from the other two. For example, 
(i) One hydrogen atom remains associated with the cobalt and ammonia whdo the 
other two can be replaced by double decomposition with, say, silver nitrale; 
(li) Cone, sulphuric acid displaces two halogen atoms per mol., but does not attack 
tho third halogen atom. In order to show that one halogen atom is associated 
with the cobalt and ammonia differently from the other two halogen atoms, the 
foimulee of these compounds can be written. (Co,Cl, 5 NH 8 )Ul 2 and (Co,Br, 5 NH 3 )Bi 2 . 
S. M. Jorgensen furtiier assumed that the NHs-groups enclosed in the brackets 
are either united as a normal chain, — NH3— NH3— , or as a forked chain, 
NH4— NH2<. Fyndine, NC5H5, is constituted : 

CM 

hc,Ach 

N 
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and can take th« place of aimuniia in tbeae compom^, tiie leanlting products an 
in oTCiy ^7 analoeons with the metal ammoiuaB. ^ therefore, the metsl- 
ammonia basoB an derived from IIH 4 by replacing hydrogen by NH 4 -groupB, the 
Biibetitutcd hydrogen atoms must be directly bound to the nitrogen atom. The 
existence of the pyridine compounds shows that this assumption is not necessary, 
and hence, 8 . H. Jbtgensen considen'd it to be unlikely that the metsl-ammonias 
contain the ammonium group. Furthra, in order to explain why one of the halogen 
atoms does not react like the other two, S. M. Jorgensen assumed that those atoms 
which are directly attached to the metal atom arc masked and do not respond to 
the solicitations of chemical reagents in the normal way, while the halogen atoms 
which are terminal membcie of the ammonia chains behave quite regularly. Thus, 
S. M. Jorgensen lepieeented the two cobalt salts under discubsion by the formulte : 

pi_ru ■p _ 

u-U)v.j^Hj_NHr-NHr-NH8-a 'WHj-MHy-NHs-NHg-Br 

and in cases whore a watcr-molecnle replaces one of ammonia, he assumed that 
this is linked up with the ammonia chain in virtne of the quadrivalrncy of oxygen. 
For example, the compound CoCls.3NHg.UgO in which two of the halogen atoms 
are masked while the third behaves in the normal manner, was represented by 
the formula 

¥ 

pi.,>Co— NHj— NHg— NH 3 — 0 — Cl 

H 

According to this hypothesUg the compound PtG 2 - 4 ^B 8 represented by 
Ft- (NHs NHs.Cl)^. The principal weabnesB of this view of the constitution of 
the ainmines rests on the apparent absence of limitation to the possible number of 
Binmunia groups which might be linked up into chains. In the great majority 
of cases, a metal atom can hold no more than six ammonia groups, often four, and 
seldom any other number. The next important contribution to this subject was 
made by A. Weiner. The attempt to distinguish mol. from atomic compounds 
by structural fonnulee based upon ordinary valencies deduced from the mani 
festations of the simple '' atomic compounds/’ has not been successful. Borne 
of the elements involved in the formation of the mol. compounds appear to mani- 
frst higher valencies than the numbers deduced from the simpler, more numerous, 
and more stable compounds. A. Werner’s hypothesis seems to give a clearer insight 
into the constitution of double salts, complex salts, crystalline hydrates, etc., than 
any yet propounded ; and it forms the most elegant system yet proposed for classi- 
fying large groups of complex compounds, and particularly the ammonia metal 
bases. Although it is fully recognized that this hypothesis has not assumed its 
final form, yet, as one of the fathers of philosophy has said, we begin with doubts 
in order that we may end with certainticB ; and there is the promise that the con- 
ception of mol. compounds as something specifically distinct from atomic compounds 
will ultimately be banished from chemistry. 

Valency can bo regarded as a measure of the capacity of an atom for 
combination with hydrogen equivalents of atoms ; it is considered to be nega- 
tive in combination with electropositive atoms, and positive in combination with 
electronegative atoms. Hypotheses have been suggested at various times, ranging 
from that of C. L. le Sage in 1761 to that of J. H. van’t Hofi in 1881, which 
postulate a pre-existing force, acting in a definite diiection or directions determined 
by the structure or rather the s^pe of the atom. According to C. E. Claus, the 
hypothesis that the valency of multivalent atoms is a pre-existing force acting 
with definite units of affinity is as unfounded as it is unnecessary. C. L. BerthoUet 
recognized that there are predominant affinities in substances which are the 
BQuree of their characteristic properties ; and there are others which are inferior to 
these, but which nevertheless give rise to several remarkable phenomena. The 
•ame idea was propounded by J. Mercer, and L. Playfair. According to A. Werner, 
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vhen the combining capacity of an atom, aa defined empirically by the theory of 
valency, is exhanated, the atoms still possesB a particular kind of affinity," which 
enables them to form mol. complexes, corresponding with J. J. Berzelius’ com- 
pounds of higher orders " ( 1 , 2, 10). S. U. Fickcring, A. Wurtz, and H. E. Arm- 
strong employed the term residual affinity for the affinity which remained after 
the ordinary valency of an element had been satisfied. In other words, simple or 
primary molecules may possess a residual affinity which enables them to 
unite together and form more complex stable oomponnds* Thus, the sulphur 
atom in sulphur trioxidc ; the ox} gen atom in water ; the chlorine atom in hydro- 
gen chloride ; the nitrogen atom in ammonia ; the gold atom in auric chloride ; 
the platinum atom in platiuic chloride, etc., all poBsess residual affinity which 
permits these molecules to unite additively with other molecules. The residual 
affinity or residual valency is not measured in terms of hydrogen equivalents, 
but in terms of the number of atoms bound in the molecule in excess of those 
which are associated by iLo operation of the normal exchange of valencies ; it 
seems to depend not on one atom alone hut on the nature of all the atoms 
present in a particular molecule. Besidual affinity appears to play a role similar 
to ordinary chemical affinity, but the new manifestation of valency in com- 
pounds difiers from that which occurs with the radicles. For instance, residual 
aflbiity does not lead to the combination of univalent radicles as defined by 
the doctrine Ol valency. In illustration, water, HnO ; antimony pcutachloridc, 
BbCl5 ; sulphur tetrachloride, BCI4 ; }>ho6phoru8 oxychloride, POUlj} ; phoophorus 
pentachloiide, PCIq ; hydrogen cyanide, llOy ; ammonia, NIl.j ; etc. ; may be 
regarded as compounds in which the primary valencies of the elements arc exhaustod, 
and yet, in viituc of their residual affinity, readily form compounds like 8I)(%.4H20 ; 
SbQg.akCy; SbCls.PCls; SbCls-POCla; etc. A. Werner draws no bliarp distinc- 
tions between the union of and Na^O to form Na3P04, and between BaCl^ and 
H2O to form BaCl2.21l20. This does not mean that the mode of action of the two 
kinds of afliiiity is different, since both are in many ways similar. " Nevertheless," 
says A. Werner, " it ap]iears at present desirable to preserve the difference because 
the doctrine of valency is yet in a transitional stage, and hence it is jmlicious to con- 
struct sharply defined concepts." A. Wemor assumes that compb^x molecules consist 
of a core or inner sphere consisting of a gronp of atoms directly combined or co- 
ordinated by primary valencies with a central atom ; and an outer sphere or shell 
holding a definite number of atoms or groups of atoms in combination by the exer- 
cise of seeondaiy valencies. The group of atoms and radicles in the inner sphere 
is generally represented with thin square brackets, those on the outer sphere are 
put outside the square braokets^.i/. [Pt('l3]K2; [C'oF4(01I)2|K2 ; etc. Accord- 
ingly, A. Werner, more or less vaguely, distinguishes two kinds of valency : 

1. Chief or primary valency. — Ilauptvalenz — which rejircsenls those mani- 
h^stations of chemical affinity which enable tbe combining capacities (valencies) 
of tlie elements to be expres.sed in tenns of hydrogen atoms or tneir equivalents, 
e.g. Cl—, Na— , NO2— , CTI3— , . . . The forces emanating from the central atom 
mainly determine the grouping of tho atoms in the central rorc of complex com- 
pounds, although, of course, the mutual attractions of the associated atoms or 
radicles must bo considered. 

2. Amiliaiy or secondary valency. — ^The conception of auxiliary valencies 
lies at the base of Werner’s theory, but the conception is vague enough to be adapt- 
able to requirements as particular cases arise. Nc&envalenz— which represents those 
manifestations of residual chemical affinity which are able to bring about the stable 
union of certain molecules as if the molecules we^e themselves radicles able to exist as 
independent molecules, e.g. H2O— , NHg — HQ—, Crisis — , . . . The secondary 
valency is not to be confused with residual affinity nor with J. Thiele’s partial valencies 
— ParfmfmZenceTi— bccBUPe it is determined by the mutual attractions exerted by 
the atoms or radicles in the central core ; these are known to possess considerable 
residual chemical affinity, and they have the greatest tendency to form hydrated and 
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ammoniated complexes with the salts of the metals. However, there is probably 
no essential difference in the forces active in forming compounds exhibiting the two 
kinds of valency ; the actual difference is one of degree not of kind in the same sense 
that a millimetre differs from a metre ; or in the same way that the forces concerned 
with ordinary and residual affinity are the same in kind but not in quantity. Con- 
Boquenlly, in fhany cases the distinctiou between principal and auxiliary valencies 
cannot bo maintained. 

The force concerned in the formation of compounds is supposed by A. Wemer to 
be distributed over the surface of the atom, audio be utihzed in binding a sufficient 
number of atoms to form an enclosing shell— A. Werner’s inner sphere — ^about the 
central attracting or co-ordinating atom. When the binding capacity of an 
elementary atom (primary valency) appears exhausted, A. Werner assumes that the 
atom can still link up with other molecules (secondary valency), and build more com- 
plex moh^cules. There is, however, a limit to the binding capacity of both primary 
and secoDdary valencies. The marimnin number of atoms, radicles, or molecular 
groups— independent ol their valencies— which can be directly linked or co- 
ordiuied with a oentnd atom is called the co-ordination number. The co-ordina- 
tiuii number of an atom can bo determined from com))ounds in which the maximum 
number of atoms, radicles, or mol. groups, linked with a central atom, are known. 
The co-ordination number of most atoms, curiously enough, is six ; in many cases 
it is four — ^particularly with elements of small at. wt. like lithium, beryllium, carbon, 
boron, and nitrogen, or elements of high at. wt. like gold, mercury, thallium, and 
bismuth ; and with molybdenum and the addition products of the chlorides of the 
alLaline earths, the ro-ordinatiun number appears to be eight, 

lPl(NIl 3 )jn, [Co(NO,), 1R3 [Ca(NH,)ft]CI, 

The fact that the co-cjrdination number for so many elements is six, and is generally 
independent oE tlie nature of the co-ordinated groups, has made A. Werner suggest 
thiit the number is decided by available ipace rather than affinity, and that six is 
iMially the maximum number which can be fitted about the central atom to form 
a Hi able M-bteiii. Cunpcquently, the co-ordinal ion number rcjtresents a property 
of the atom wliich enables the consliiution of “ molecular compoumis ” to be 
refi rred back to actual linkings between definite atoms. A molecular compound is 
pTiniaiily formed through the agency of secondary valencies ; ami, just as primary 
\.ileiieii‘s determine the number of univalent atoms or their equivalent whirh can 
be linked to a central atom, so secondary valenues determine the number of mols. 
wlilch can lie attached to the central atom. The secondary valency is often active 
only towards definite mol. complexes, and hence the fonnalion of additive compounds 
With other mol. con]])lexcB does not occur. Accordingly, the number of secondary 
valemies which are active towards different molecules is not always the same. 

When it is desired to emphasize the distinetion between primary and secondary 
valenries, A. Werner recommends using a continuous line for the former, and a dotted 
line for the hitter. The nitrogen atom of ammonia, NH 3 , has an unsaturated 
hiTOTidary valency, and the hydrogen or ohlorine atom in hydrogen chloride, 1101, 
has likewise an unsatiirated secondary valency. The formation of ammonium 
chi orido is therefore illustrated by the scheme : H 3 N-l-Hn=H 3 N . . . IICI. The 
doited line represents the auxiUary valency joining the hydrogen atom of HCl 
with the nitrogen atom of NII 3 . The co-ordination number of the nitrogen atom is 
here 4. It is not likely that one of the hydrogen atoms in ammonium chloride is 
“ linked with a greater amount of affinity than the other three/' and very probably 
there is a state of equilibrium in which the affinity is distributed over all the hydrogen 
atoms, and a complex radicle is formed in which each of “ the four atoms of hydrogen 
is united to the nitrogen by the same amount of affinity." Ilcnce, A. Werner 
writes the structural formula of ammonium choride : 

rn.v.H 
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The practice o! assu^g an iacwased ralencj for nitrogen when ammoBiB mutes 
with hydrogen ohloiide, says A. H^omei, if conaistmtly oarried out, would make 

mtimony ternlent in uitmony tricModde, and qmquevaleBt in eAt. 

Bivalent iron in {eTTons cyanide, FeCy2, would become decivalent in potassium 
fenocyanidii, E4FeCya. J. Ficcaid and J. H. Dardel, and P. PfeiFer discussed this 
subject. • 

The formation of sulphuric and chlorosulphurio acids by the union of sulphur 
trioxide with water and hydrogen chloride respectively is brought about by the 
secondary valencies as indicated in the schemes : O3S+OII2— OgS . . . OHj ; 
and O3B+ClH=0aS . . . CIH. When one of the reading moleculea contains doMo- 
linked atoms, the aimUary wdendes may not he sufficiently strong to preserve the 
integrity of the new mol., and the atoms of the addition product may he rearranged. For 
example, this is the case with sulphur trioxide. Thus : 


0>S. 


OH, passes into 


and 0=S . . . OlH into 


.Oil 

X'l 


The change in the type of the compound is dne to an intra-molecular rearrangement, 
but such a change may not occur if the secondary valency is sufficiently strong and 
the addition product is stable. Wbat bas been suggested appears to bo applicable 
with the analogous reaction: Cl4Ft-j-2NHs=Cl4Pt . , . (NH3)2; and CJ4rt 
+2KCl=Cl4Pt . « . (CI1E)2. a. Wemor represents the two latter compounds by 
the respective formuhe : [Ft(NH3)2C!l4], and [PtClB]E2. All four chlorine atoms can 
bo removed from the first compound without dikurbing the ammonia mols., and 
consequently the chlorine atoms do not act as intermediate links binding the NII3 
mols. to the platinum, as they would in, say, Gl2Ft(Cl.NH8)2. It is therefore inferred 
that the NH3 mols. are directly attached to the platinum atom. Again, no dificrenco 
has been detected in the chemical behaviour of the four chlorine atoms. This 
would not be the case if the two ammonia molecules were intermediate links between 
two of the chlorine atoms, and the central atom of platinum, as would be the ease 
in, say Cl2Pt(NH3.Cl)2. Hence, in all probability, the six groups are all attached 
direcUy to the platinum. Consequently, A. Werner writes : 
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The latter formula hae been established in a manner similar to the former. 
A. Werner assumes that four of the chlorine atoms are attached to platinum by 
principal valencies, and two by auxiliary valencies ; and that the last two chlorine 
atoms arc not saturated so that the hydrogen atoms may attach themselves at these 
points. T. M. Lowry modified the idea by assuming that the quadrivalent platinum 
atom begins by attracting to itself a shell of six chlorine ions as in la of the following 
schemes where the electrostatic attractions or electrovalencies arc represented by 
dotted lines. The orientation of these six ions is identical with that of the six 
chlorine ions distributed about each ion of sodium in a crystal of sodium chloride-- 
lb. The outer shell 
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„( 92 «»lw<xonB is completed b 7 dnwing a pw of electrons from each of the six 
l•lllorinc ions. Those six duplicates are held in common by platinum and chlorine, 
each eW""* claiming an eq^ual share. The platinum therefore guns eix elecirons, 
and each chlorine atom loses one. The result of this transfer is iUnstrated above by 
fcrmula 11. The bivalent ion, PtQf, so formed contains six neutral cblotme atoms 
hold by ro-valencies, and the double negative oharge is held by the atom of platinnm. 
The platinnm atom is entirely surrounded by chlotino, and in the non-ionized 
potassium salt, the orientation of the two potassium atoms is determined by 
crysiallograpLio considerations of dose-packing. The dectremio structure was dis- 
cussed by L. 0. Jaokson, D. M. Bose, L. A. Wdo and A. Bandisch, N. V. Bidgwick, 
and B. Cabrera. 

A study of the platinum-anunines shows that a large number of them can be 
arranged in two wdl-definod seriee. One series is derived from platinio chloride, 
PtCl^ ; and tho other from platinous chloride, PtClj. The co-ordination number of 
the former is six ; and the latter, four. Thus, with ammonia and chlorine as tho 
acidic radide in the complex, 


1. PUUinum-amminca derived fiom pkdirunu ddoride — ^Pt01|. 


Tetraniniineplutlnoufl clilorido 
ddorotnAiDminaplalinoufl rMoride . 
Dirhlorodiamminoplatinmn (two iaomuih) 
I’clasBium trichloroamniiiieTilatinilB . 

5. PotASBium totraohloroplalinite. 


Wstner'i lonauU. Old formula. 


lPt(NHg)g]CJ, 

|Pt(NUJgUl]Cl 

lPt(NHlcJ,l 

[Pt(NHg)CIJK 


irtcj, 


Pin. 4NH. 
PtO), SNJlj 
PfcOlg.2NHj 
PtCl,.Ka.NH, 
Ptai.2K01 


II, rialinwH^amiWMB derived frvm pUUinic c/donde — FiClg. 


L llBxamminnplatmio chlorido 
2. ('liloropfmtainmmoplatiiur* clilonde . 

St Dichloroietrainminuplatmio chlorido 
4 TrichlorotriainmiiiQplalinic Uilondo . 
fi. 'I ntrachlorodiauimuioplatmum (two moineni) 
0 l^otassium ptmtacliloroamimiieplatiiiate 
7. PotoaBium lioxaohloroplatinale . a 


Pt(NHJ,lClg 


Pt(NH 

Pt(Nli, 




iCl|CI, 

iCl.lCIi 


PtlNUJ.PJglOJ 
:pt(NH,1,cag 
Pt(NHjUl|]; 


PtCl|]K| 
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FtClg fiNH, 

PtUlg-CNH, 

PtOl4.4Nn, 

PtClg.SNH, 

PtCl4.2NH, 

Ptdg.KCl.NHg 

PtCl|.2KGJ 


The simple oi compound radicles which form the complex represented within 
tiip square brackets, are supposed to be directly united with the central atom of 
platinum. The com]iIcx takes part in chemical reactions as if it were one indi- 
vidual radicle. The substituted ammonias, methylaminc, propylamine, water, 
hydroxyluiuine, pyridine— symbolized py — aniline, tuluidine, ethylencdiaminc, 
NH2.CH2.CH2.NHs — B3mibolized en — phosphine, arsine, siilbine, mercaptan, etc. 
can take the place and function like ammonia without altering the type. The 
substitution may be partial or complete. In the case of liydroxylamine, the reducing 
action prevents the formation of platinic salts, and only the platinous saltd have been 
made-^j.p. [PtlNHgOHj^lCla ; [ J^t(NH3)2(NH20H)2]Cl2 ; [Pt(NH20H)2Cy ; ete. In 
the case of ethylenediamiue, one molecule replaces two molecules of ammonia. The 
acidic radicle in the complex can be replaced by acidic radicles — Cl, Br, NOg, CO3, 
SO4, OH, Cy, SCy, etc. ; and if the basic radicle ammonia or its cq. in the complex 
iH replaced by an acidic group, the complex becomes acidic instead of basic and 
the platinic ammine complexes finally pass from electro-negative (basic) radicles 
to electropositive (acidic) radicles. Fotofasium chloroplatinatc is the end-member 
of the series of platinio ammines and potassium chloroplatinite is the terminal 
member of the series uf platinous ammines. It will be obvious that an enormous 
number of derivatives aro conceivable. 


Nomendature of the ammines. — For a long timo, the complex metal ammonia 
compounds wore named after the discoverer or an mvostigator of tho salt, or afler sonic 
disUmlivo peculiarity, gonorallythocolour— lutco— fromfufpus, brnwiu'ali ur orango-yellow ; 
mao from ro«fo, rose-red; purpareo — from purpura, purple; prasoo— fiom vpfiijior. 
ieek-groou; flaveo— irom fla/oue, golden-yellow; crocoo— from icpOKoSi saffron; xaiitlio 
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—from (avdos, yellow; violoo— from vtoKa, yiolot; rhodeo— from ^6lnvt tlw roaa. 
A. Wemor fl system of naming the metal-ammoxiia coinpounda has been almost univoiBally 
adopted. O’he consfitiipnts of the complex are taken first ; wil of these, the ai'id r^clea 
with tho biiffiic “ o ** come first ; then follow any groups which behave hko ammonia, e.g. 
H,0 IH cellerl aquD ; 0 NO, nitilto. or NOt, nltro ; NC)» nitrate; CO„ earbonate; SO^ 
sulphite; SO I, sulphate; thteoyanato; etc And lastly, preceding the metal 

itself, each ammonia moleculo is designated an ammlBB, spelt with a double “ m ” to 
distiiiguisli the word from the amines or substituted ammonias. The prefixes ill, tri, . , . 
indieato the number of each. The whole is written as one word. Examples appear in the 
above list. T. Stei'he made some lemaiks on the nomonclature of A. Werner’s system. 

The valpiiry of tlie complex is numerically equal to the tliilerenco belwceu the 
ordinary valency of the central atom and the number of negative (acidic) elements 
or groups attached to the metal. Thus, the normal valency of platinum in the first 
of the above scries is 4, hence the valency of [Pt{NH 3 ) 6 (lJ, with one negative (acidic) 
group “ ( I.'" Will be 3 ; this means that the complex in question acts as a tervalent 
electropositive (basic) radicle; and it can unite with three univalent electro- 
negative (aeidii) radicles. The valency of fPt(NH 3 )Ul 6 l with five negative (acidic) 
grou]»s, “ 01/’ will be —1. Tins means that the complex under consuleratiou will 
act as a univalent electrn-negalive (acidic) ruiUcle, and it can aceordingly unite 
with one electro] positive (hahie) radicle like imtassium, sodium, ele. If tlie valiancy 
of tlie acidic raclioles in the complex is numerically equal to the normal valency of 
the central atom, the complex will be nullvaleni. This is the case, for instance, 
with the complex [Pt(Nll 3 ) 2 (^l 4 ]. 

The nullvaleni amminc bases are non-elcclrolytcs, they do not conduct electricity. 
Ill the other animme bases the complex forms one ion which is eilhei electropositive 
(basic), and therefore a cation, or else electronegative (acidic), and thiTcfore an 
union. Duimg eli rtrolysis, the components of the complex are not disturbed. 
The mol. eoiiduetiMtioa of the anmiiiie derivatives of Pt(% at I (XX) litres dilution 
arc indicated m Fig. 42 ; the conductivities of the derivatives of PtUlj aie indicated 



Fios. 43 and 13 - Tlin ElEietneal ( 'onrliietivitiea f tho jqalinuniclilnraimmiie IJorivatives. 

('Ilio abHCiBSie reier to ttio numliera in the above tablo'^.) 

in Fig. 43 ; the second derivative, [P^NHsl^Clltls, is not known. The electrical 
conductivilie.s of these compounds corroHpond with the ions obtained on electrolysis, 
as indicated by llie formula' m the above tables. The hydroxides are strung buses 
and in that respect resemble thi» caustic alkalies, for when boiled with ammonium 
salts th(‘y expel ammonia ; they absorb carbon dioxide from the air to form 
carbonates nr rarbonato-compounds ; they precipitate the hydroxides of 
aluminium, iron, etc., from solns. of their salts ; and m the case of aluminium, 
the hydroxide is soluble in an excess of the base as is the case with caustic alkalies. 
The ammonia groups in the ammincs arc not attached m the “ loose ” way typified 
by the so-called ammonia fif crystallization, but they are bound sn firmly and 
intimately as to produce a complete change in the character of the salts. For 
pxanijde, the jdaiinuin is not precipitated from soln. of the ammincs as sulpliide 
by hydrogen sulphide ; the ammonia is not expelled by potash or by chlorine ; and 
the chlorine, iircsumably m the romplex, is not precipitated by silver nitrate. As 
a matter of fact, the analytical reactions of each base are characteristic of the com- 
plex as a whole, and of the radicles associated with the complex — ^indicated outside 
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tho Hq[uiire brackets in tbe above formute. Thus, with the cobalt ammines, cobalt 
tprvslent, aU the bromine in LCo(NH3)8JBt 3 is precipitated by silver nitrate ; in 
[Co(NH3)5BrlBr2 only two-thirds of the tofal bromine is precipitated by silver 
nitrate ; in [Co(NH3)4Br2]Kr, only one-third of the total bromine is precipitated ; 
and in fCo(NH3)Br3j none of the bromine is prenpitated. 

M. PojTTone, and P. T. Oleve showed that there are 'Wo isomeric platinous 
diainminodiehlorides ; C. W. Blomstrand, P. T. ( 1 i‘vp, and S. M. Jorpensen con- 
eider that the difference can be represented graphically by (Jl.l*t.Nll3.NIl3.Cl, 
and Cl.NH3.Pt.Nfl3.n. A. Werner believes that the laomiTisiii w due to a 
difference in the spatial arrangement of the lour radicles. If the four radicles be 
attached to a central platinum atom as if they were at the angular pr)iuts of a regular 
tetrahedron, isomerism could not be expected because tlic four groups can be 
interchanged without altering their relations with one auf»Lher. lienee it is 
inferred that the groups are arranged about the eentral atom of ])latinuin in one 
plane. The resulting laomorism ran be graphically illustrated by the schemes : 


Nn, Cl 

Cl Nil. 

/-</ 


Cl xSTIj 

Cl XHj 

Truua-poHitinn 

Uis-position. 

or b} the more usual type of formiilne : 


Cl XH. 

n NH3 

Ttans-jdatinodiclilorodiamminn. 

riS’plat iiiodiohl nrailmmmiiio. 

With plaliiiie cojn))ouiulh lia\ing a co-ordinatjon number 0, ilie biv i n-ordmated 
units 111 tJie comj)lex iippcar to adopt soiiie s)nime1riral arrangeDieiit, and to behave 
as if they were located at the six verticfs of an imaginaiy regular octahedron 
described about the bpliere of influence of the central atom. Thus, the two isomers 
of [rt(MJ3)2(’lJ can be rc])rcscntcd by : 

Cl 

Cl 




If the comers of the octahedral figurr be always minibiTed 1 to C as shown in 
the iliagram, the relative positions of the acidic or basic radicles can be iiulieated by 
numbers. Assuming that the diagrams correctly represent the relative iiosition 
of the radicles, the us-cnnipound is called the 2 ' 3 -tetracLloTodiaDiimneplntiuum, 
and the trans-compound the 2 - 4 -tetTuchlorodiammineplatinum. The geometry 
of co-ordination was studied by 11 . Btraubel, and li. ¥, Iluttig. 

K. Abegg and C. Bodlander suggest that the stability of a complex depends 
upon the so-called electro-affinity of the ions, i.r. on the affinity of the radicles 
for electric charges or electrons. This cau be approximately measured in 
terms of the electrolytic potential, on assumption that the unknown cone, of 
the free atoms in sat. soln. are the same for all elements. In a general way, 
the smaller the numencal value of the electrolytic potential (positive or nega- 
tive) of a Salt, the greater the tendency to form complex ions. In the further 
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development of their theoiyi R, Abegg and G. Bodlander dietinguiah between what 
ie called the atom or radicle affinity and electronaffinity. The stability of inorgamo 
compounds depends not so much on the affinity of the atoms or radicles for oni; 
another as upon their affinity for electric charges. Sodium chloride, for instance, 
is said to be a stable compound, not so much because of the strong affinity between 
the atoms of chlorine and sodium as because a great deal of free energy must be 
expended in order to resolve the compound back into its elements — or, electro- 
chemically speaking, to discharge the Na' and Cl' ions. When the atom affinity 
between the two components of a compound is feeble, ionization can occur without 
the expenditure of much energy. On the other hand, salts like the mercury cyanide 
and h^des are but little ionized in sob. because it is assumed the affinity of the 
atoms for one another is large enough to prevent much ionization. The electro- 
affinity of an ion for its charge is a constant, the atom affinity depends upon the 
particular elements in combination. Compounds formed by the union of elements 
with strong atom affinities have a tendency to form complex anions — e.g. [Hgl^]", 
[PtClflJ", [AuCIsT, etc. In the formation of whab A. Werner calls Einlagerurufs- 
complexe or penetration complexes m a reaction of the type MX^-f nA [MAnlX^i 
wliiTe n is the co-ordination number of the metal, the anion X must, in general, be 
relatively feebly connected with the complex in what A. Werner calls the zweite 
iSpAdre— tliD second or outer sphere— so that a great atom affinity between X and M 
would hinder the formation of such a complex cation but favour the foriiiaiion of a 
t'um]Jcx anion. 

It is not to be supposed that the heat of combination (meaning the free energy 
of combination) of two elements is a measure of their atom affinities. A difference 
in the composition of a series of solid salts (of the stronger acids) is often attended 
by eq. differences in the heats of formation so that the heal of formation ajipears 
to be an additive property. In the simplest cases (e.g, the halides), the licat of 
formation is the sum of contributions made by each component. Neglecting the 
small heats of ionization and solution, the heat of combination of simple salts will 
be the sum of the electro-affinities of each of the two ion-formmg components, plus 
the atom affinity of the component elements ; and with complexes, yet a fourth term, 
the heat of formation of the uncharged complex must be added. Consequently, 
the strength of the umon between two elements is not measured by the heat of eoni- 
biiialiun alone. Often, indeed, the heat of combination of the elements with a 
relatively large affinity for one another is small. This is the case with compounds of 
tho noble metals and their neighbours m the electrochemical series. For example, 
the behaviour of gold bromide on ionization suggests that the elements have a strong 
affinity for one another, whereas this salt rea^y gives ofl bromine when warmed, 
jiri'sumably because the heat of formation is small — ^nearly 9 Cals. 

The thermal phenomena of neutralization and double decomposition are 
abnormal if a complex anion is formed. Abnormal heats of neutralization or 
deviations from the law of thermo-neutrality are characteristic of compounds with 
a high atom affinity. The halides of copper, silver, gold, cadmium, mercury, and 
platinum have small or anomalous ionization constants, and abnormal heats of 
formation. The heats of precipitation (the negative values of heats of soln.) of 
sparingly soluble, chemically analogous compounds were shown by J. Thomsen 
to be greater the less the solubility of the salt. A large heat of precipitation means 
that the heat of formation of the solids is relatively large. A low solubility may be 
regarded as a consequence of small ionization, and the two properties run parallel 
with sparingly soluble substances. Examples are thallous chloride, silver and lead 
halides, etc. The thermal data with tho halogen (excepting fluorine), sulphur, 
nitrogen, and carbon compounds of gold correspond with a relatively large atom 
affinity so that salts of the halogen acids, thiosulpliuric, sulphurous, thiocyanic, 
and hydrocyanic acids can exist in aq. soln. Salts of tho oxygen acids— sulphates 
and nitrates — are almost completely hydrolyzed in aq. soln. The halides are 
protected from the same fate by the formation of complex anions, [AuCl 4 y, 
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[AUCI3OH]', etc.— the linkage between the metal and the acid radlde is not 
broki^n and virtually no gold ions are formed. If auric tctramminonitratep 
[Au(NlJ3)4l(N08)5, bo treated with potassium chloride^ auric tetramminochloridep 
IAu(NU3)4]C13p is probably first formed and, owing to the affinity between the 
outer sphere and the complex itself, ammonia is displaced and the series of auric 
amines, [AuCl(NIl3)3]0l3, [AuCl2(NH3)2]Cl, and [AuC)] 3NH3], is produced. As a 
matter of fact, some of the confined chlorine passes out with the ammonia as 
ammonium chloride, and hydroxyl remains in the complex. This subject has been 
studied by F. Ephraim, A. Pieroni, E. Weitz, etc. 

F. Ephraim found that about 80 per cent, of the 167 ammino-compounds he 
examined had the co-ordination numbers 2 , 4 , 6 , and 8 . The ammino-compounda 
fall into various classps according as the anion is included in the complex — the mol. 
ammines — or the cation is includ(Ml in the complex ; there are also the so-called 
iloublr-sholl ammines; the mixed compounds, etc. Comparing the physical 
properties of the ammines of the balidcs, it follows that (i) in the group of the alkali 
and alkaline-earth metals aud magnesium, the affinities in the formation of the higher 
aminoniates are smaller the greater are the weight, at. vol., and electrolytic potential 
of Ihe metal-ion, the more strongly negative and the smaller is the anion, and the 
grr^aler the beat of formation and vol. concentration in formation of the salt. 
(11) The iron group obeys the same rules, but the effects of the weight of the cation 
and vol. contraction arc reversed, (iii) The copper, zinc, and lead compounds obey 
the same rule in some eases, but in others inverse rules, (iv) High m.p. and low 
solubility of the atiiiiiniiia free salt iiiflueure the stability of the ammDiiiaies. The 
lattice struriuH' derived from the X-radiograms indicates that in the hexammine- 
roTn])r)unds oi the halides of the iron metais, manganese, and zinc, the ammonia 
molecules arc very elostdy packed, there being practically no free space in the metal- 
hexaiiimiue romplex ; the calculated spaces occupied by the halogen atoms arc in 
ugr(*eTiieiit with those observed for normal polar binary compounds. The formation 
of the ainmruiia compound is in Ibcsc cases accompanied by a separation of the 
m( tal from the halogen-ion, involving mechanical work, E, which may be calculated. 
Th(» total heat of formation ol the ammoniate involves this value, E, and ihe energy 
roiiccrncd in the association of the ammonia mols. with the cation, where E is small, 
i.e. where the cal ion and anion arc already sumewliaL separated, as in the iodides, 
the ummoiiiate will be more stable for the same cation. The difiereures in affinity 
in the formuiion of the aniinomatoa are therefore bound up with space considera- 
tions ; the instability of the ammoiiiates ul the alkali metals, for example, depends 
not bo nnicb on Ihc low energy involved in association of the cation with ammonia 
molh. as on the high value of E. 

Crystalline muguebium chloride, MgOl^.Glh^O, is represeiit ed, according to 
A. Werner’s scheme, liy the formula [Mg(OJl2)oll^ljs» owd bimilarly with the other 
salts crybiallizing with six mols. of water. A. Werner thinks tliat the alums 
KAI(804)2.12H20, and other hydrates with an abnormally large proportion of water, 
owe their existence to the addition of polyinenzed mols. of water; (H20)2, or 
H4O2, is then attached as one mol. to the central aluminium atom, and alum becomes 
rAl(fi(402)a](S04)2K. With these sulphates, A. Werner considers that one mol, of 
the water is attached to the sulphate residue : Zn(H2S04)6H20, or [Zu(Il20)6]H2S04, 
in agreement with the great difficulty involved in driving off the last mol. of water, 
and with the fact that both potassium and ammonium sulphates arc anhydrous, and 
when introduced into a sulphate with seven mols. of water, the resulting double 
salt crystallizes with six. The water of crystallization is thus a snurce of 
difficulty with the co-ordination theory. Hence, in studying the hydrates, it is 
necessary to distinguish between acidic and basic water. Many of the hydrates have 
not yet been stuffied in the light of A. Werner’s hypothesis. The subject was 
diBcu.«sed by H, T, F, nhodes,^ aud J. M. Brown, 

It maybe added that A. Werner’s theory furnishes an interesting explanation 
of the apparent isomorphism of such pairs of compounds as K2SnCl4.2H30 
VOL. VIU. fi 
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and K2FCCI5.H2O; HnGI{AH|0 and BeN82F4, wliich can be leBpecdrel/ 
fomulated: 

[SiiCl,(H,Q)i]K, [FcCl,.H,0]E, [Mii(H,0]Jca, rB?F«]Na, 

Tbia skowH tbat tbeae pairs of rompounds have a similar constitution in spite of the 
apparent dissimilaiity exhibited bj the oidinaiy chemical fomiuLs. The general 
subject has been discussed by : 

A. Wemer, A'eMere AnBthauu7tffen aiif dem Gcbtete der anorffanischen Chmie, 
nraunachweig, 1913 ; Jjomion, 1911; B. Sihwarz, ( himir drr anorffUfMchm hofnplexvn- 
biiul^ingen, Berlin, 1920; London, 1923; and J. D. M. SiiiiLh, Chmistry and AUmxe 
Structure, London, 1924. 

N. Bohr 9 diRcusbrd the fituean of configuratioiis of the electrona in variouB atoms 
for the fonuation of ions. N. V, Sidgwick has extended Bohr’s theory to the 
electronic slructurc of atoms m cO’Ordinatiun compounds. The subject was also 
discuRsed by J. D. M. Smith, and others at the Faraday Society’s discussion on 
Th Electronic Tlivory of Valoicy. A. Job discussed the catalyzed reaction 
NH3i UCl- NII4C] on the assumption that an unstable electronic system is 
formed as an intermediate product. 
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§ 20. The Hetal Ainmines» or Metalammoniatei 

T, WcyH sliowerl tlmt sorlium and potassium, and Q. Gore that sodium, are 
^filiiMi* ill liquid ammonia ; C. A. Seely observed that these elements, as well as 
Inlimiti iiiul rubidnini, arc soluble iu that menstruum; and 11 . Moi^^san studied 
solii. of nilndium and efrsiuiii in liquid ammonia, (^mc. snln. arc copper-red, and 
li.iv(‘ a hronjif' lustre, but dd. soln are blue. The blue colour of the soln. rocalla 
the blue-eolrmred halide .salts of potassinm and sodium; and the blue coloured 
soln. of llie iill:.ili metals lu the fused amide observed by A. W. Tilheiley. Tho 
culoui of ibe i-olii. difTeis but sliglilly for difTcrcnt nietula, although the appearanre 
of yellow tints is noticeable in the case of calcium. More dil. suln., beginning at 
about 2 ot 3 times normal, show no metallir lustre, but possess a \ ery characteristic 
deep Idiie colour. In thin films, the cone. soln. likewise appear blue in Iransinitted 
bglii ; but even foi tho blue rays the absorption is very great. A soln. of sodium 
in ammnma containing 0 001 gram-atom of metal per 1 iti(‘, just allows the filament 
of a Ifi-raiulle power lamp to be difatmguished through a thickness of J ciu. The 
absorptive pnw'*r of jiota«sinin in ammonia is jiraelically identical with that of 
sodium. W. P.ilniaer, and V. A. Kraus also obtained blue soln. by electrolyzing 
htpiul aiunirinia soln. of tetraalkyl ammonium salts. The methyl, ethyl, and 
jiiopU salts give blue soln., but not the amyl salt. The blue colour is asrnbed to 
the pii'cenie of the free eleetropositive gioup KK 4 — vide ammonium amalgam, 
4. 3J, rA Aeiording to 0. Huff and E. Geisel, 100 mols of liquid ammonia 
tlissuKe 2M gram-atoms of jmtessium at 0" ; 2()-l), at - 50° ; and 2()-7, at —100’. 
The solubility tlius inereuses slightly with rise of temp. Similnily, 100 muls of 
liquid ammonia dissolves lfr3 gram-atoms of sodium at 22° , 17-03, at 0° ; IB-], 
at - .30" ; 18 bf), at - 60° ; 19-23, at -70° ; and 20-1, at -105°. The solubility 
thus dericascs with rise of temp. With lithium, 100 mols. of liquid ammonia 
dissolve 25-4 gram-atoms of the metal at all temp, between 0 ° and — 80\ Lithium 
Was found by C. A. Kraus to bo soluble in ethylamine, but less so in methylaniine, 
and insoluble in propylamine, rotassium dissolves rather slowly in cth}leiie- 
dmminc. Sodium and potahbium arc imuluhln in ethylamine, and, acconhng to 
II. Muissan, insoluble in mcthylaininc free from ammonia. C. A. Kraus also 
found lithium, sodium, and potassium to be insoluble in fieconilary and tertiary 
amines. 

0 . Ilufi made soln. of potassium by the electrolysis of a soln. of potassium 
iodide in liquid ammonia, when the substance collects on the negative pole in 
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coppcr-red drops. T. Weyl supposed that the blue sola, which ha prepond 
coitoinod veritable cowpouTldB mJogOTlB to ajumonium, 

■L rcplaeed by one of the alkali metal. Hence the nan es potuun^oi^ 
iXliZA awiBLnonfam. NII.Na. C. A. Seely supposed the liqmds to be einiplo 
srtln. of the alkali met ala in liquid aoimoiua. T. Woyl, and J. A. JoanillS rcgardccL 
them as soln. of compounds of the alkali metal and ammonia in the solvent ammonia. 
The evaporation of the soln. in air, said J A. Joaimis, furnishes a deep coppei*red 
solid whose analysis corresponds with KNHs ; but 0 . Ilu/F and J. Zediier said 
that it is purely chance thal the proporhons J. A, Joannis found were 1 ; 1 . lie 
gave for the heat of formation, NH3gaB-|-Kqnhii=K*NH3*niicH ^’SCaJs., or, 
NH3i„,.+K,ond-KNH3+l-9 Cals.; and NlianaaNaeoUd- NaNH3,„iia+5-2 Cals., 
or, KH3iiq,+NaM)iia— NaNlIa+O'd Cal. H. Moissan said that the temp, of 
dissociation of potassaminonium at ordinary press , is — 2 ^. C. A. Kraus and 
W. W. Lucasse found that the composition of the liquid phase of sodium in the 
presence of liquid ammonia is : 

-42-5" -46'4* -47‘4'' -SIB” -55 B“ 

4-97 2-64 6-27 2-09 1 91 


Molar per cent. Na 


- 51 Q” 
7*09 


-59 7* 
1-02 


The results are plotted in Fig. 4 . 4 . H. F. Cady found the electrical conductivity 
is not electrolytic, but the cone. soln. behaves like a 
metal conductor, whose conductivity iucreases the 
greater the proportion of alkali metal m soln. Observa- 
tions were made by £. Legrand ; and M. Asculi found 
that ammonia moves against the current through a 
plug of alumina, but if sodium be present, the dirf^tiou 
15 reversed. C. A. Kraus said that the conduction in 
liquid ammonia is ionic. The metal constitutes the 
positive ion and is identical with the positive ion of a 
salt of the metal dibsolved in aiiimoma. The negative 
ion constitutes a new species of anion. It is sup- 
posed to consist of a negative charge, an electron, 
surrounded by an envelope of solvent mols. The 
electron is thus in equilibrium with aminniiia aecord- 
ing to the equation 0(NH3)„^-i0+»iNPl3 ; and at the same time, the electron 
is in equilibrium 'aith metal cations and neutral metal atoms : M’-t- 
J. A. Joanms said that the mol. wt. by vap. press, and f.}). niethml.s correspond 
with the doubled formuho, NaHaN.NlIaNa, and KITalSI NH3 K. C. E. Gibson and 
T. E. Fbipps measured the conductivity of soln. of the alkali metals m liquid 
ammonia and in methylaimne. E. C. Franklin and C\ A. Kraus determined the 
mol. wt. of sodium and litliiuin in liquid ammonia by the b.p. method ; and 
C. A. Kraus, by the vap. jiross. method. The changes of press, with soln. more 
2onc. than O-IA^, are smaller than those represented by the usual vap. press, law; 
this is due to the tendency of the soln to separate into two phases for which the 
critical point is 3 molar per cent, of metal. 0 . Ruff and J. Zodner found the b.p. 
curves of liquid ammonia soln. of lithium, sodium, potassium arc of the usual 
type at small cone., but with more than R al. per cent, of the metal, the curves 
begin to rise rapidly, indicating the jiossible existence of true compounds. With 
sodium, above — 43 *^, one liquid phase exists at any cone., but below this temp, 
two liquid phases or one solid and one liquid phase arc present. There is a 
eutectic at —in'* on the f.p. curve corresponding with Na : 5NH3. U. A. Kraus 
and co-workers measured the sp. gr. of the soln. 0 , Rufi and J. Zedner gave for 
the b.p. of soln. in liquid ammonia ; 

Ll Na E 

At.peicoutT 2-31 6-74 11-83 0*91 6-23 ll-lb 0-73 2*36 

B.p. -Sa i" -32-7“ -29-6" -33-33- - 33*1“ -SO-a" -33-2“ -33-0“ 

Mol.wt. 10-9 12-3 4-9 36-2 75-4 20-1 74-8 04-0 


6-54 

-32-6* 

07-9 



Fio. 44- Soluliility of 
Sodium m Liquid Am- 
moma. 


for the f.p. of these soln. ; 
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ii. 

At.percBnt. 6*8 “^-9 16 S '2*3 8-3 J6-9' '2-0 6-9 12-ff* 

„ jl. . - 77“ -77*6“ -79“ -77“ -78“ -81“ -76’ -78“ -88“ 

• — -116“ - 109“ -111“ 

and for the temp, of complete misoibility of the two phases with aodammonium ; 

ALporceni. Na 0'5 0*8 1-4 2-8 6*9 8-3 12-9 

Temp . . - miscible -60" -47“ -64" -01“ -72“ 

C. A. Kraus and W. W. Lucasse measured the electrical resistance of soln. of 
potassium and sodium in liquid ammonia. 

Tlie blue soln. of the alkali metals in ammonia gradually decompose into the 
metal amide and hydrogen : 2 NaNH 3 =^ 2 NaNH 2 -f-H 2 . C. A. Kraus found that 
the stabilities of the soln. increase approximately in the order ; potassium, calcium, 
lithium, and sodium. 0. Ru£E and E, Geisel found that at room temp, the soln. 
of potassammonium decomposes in two or three days KNH 3 =KNH 2 +H; and 
at higher temp , the decomposition is faster ; and at in the presence of 

jdatinized asbestos, the soln. is decomposed in a few hours. The deromposition of 
rubidammoniiim occurs in G-10 hrs. at ordinary temp. ; CEesammonium, in 1-2 hrs. ; 
lithammonium, and sodammomum, in 2-3 weeks. There is no evidence of the 
formation of a ileFinite compound on the va]>. press, 
curvi^s, Fig 45 J. A. Joannis, and E. C. Franklin found 
that the read inn, however, is catalyzed by metal oxides, 
hydroxides, etc. The temp, at winch the alkali metals 
are attacked by ammonia vapour at atm. jiress were 
found by H Moissau to be lithium, 70® ; sodium, — 20 ® ; 
potassium, —2® ; rubidium, - 3® ; caesium, 40® ; and 
calcium, 20\ iSolid aiiimoma at —80® has no action on 
these metals. The decomposition of the soln, is more 
rapid in light than in darkness, and J. A. Joannis 
found that the rate at which hydrogen is evolved in a 
sealed tube decreases with time. lie attributed this to 
the mflupiice of the increasing hydrogen press, on the rate of the reaction, but 
C. A. Kraus found no evidence of a decrease in tin* rate of the reaction by increasing 
the cone, of the hydrogen. There is a steady increase in the velocity of the 
reaction up to a constant rate. The acceleration is attiilmied to the catalytic 
influence of sodamide. The rate of evolution of hydrogen finally slackens as the 
reacting constituents are consumed. According to J. A. Joannis, if a slow eiirrent 
of oxyqrn be passed through the soln., the liquid biToines bhush-black, then blue, 
and finally colourless. A gelatinous prccijiitate is formed whose composition 
approximates aodiuin amminomonozidei Na 20 .NH 3 . This substance dissolves 
in water with the evolution of much heat, but no gas is formed. T. Weyl likewise 
obtained potassiuni diRnfiminnmnnc iridB, K 2 O. 2 NH 3 ; with a more ])rotrarled 
contact, the higher alkah oxides are formed. According to II. Schrader, the amides 
of the alkali metals undergo autoxidation, with the formation of nitrite^ hydroxide, 
and ammonia. When finely-divided sodamido is exposed to air in presence of a 
little water, a yellowish-red oxidation product is formed, which is a peroxide, 
probably of the formula NaNH 202 . A sample of sodamide gave in fifty-eight 
days at ordinary temp. 0*44 mol. per cent, peroxide and 6*9 per cent, nitrite. In 
dry air, autoxidation does not take place at the ordinary temp., but at 100 ® to 110 ° 
the peroxide is slowly formed. The peroxide is stable in dry air, but in moist air 
is changed into a white subsianre, the aq. soln. of which gives the peroxide reaction. 
C. Hugoi found that sulphur forms a sulphide ; seknium, a selenide ; and 
tcUuriumj a telluride. J. A. Joannis said that nitrogen has no action ; nitrous onde 
reacts: N 20 + 2 KNfl 3 =-KNH 2 +NH 34 -K 0 Il+N 2 ; and with a longer action: 
NgO+ 2 KNH 3 =KN 3 -f-KOH+ 2 NH 3 ; and nitrio oxide forms the alkali hypo- 
nitritei END. C. Hugot found that with phosphorus and sodammonium, PNos.FNj, 
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is formed ; with arsenic, ABNa 3 .A 5 H 3 ; and with pJiosjihine^ J, A. Joannia obtained 
l’H 2 .Na. Sodanunoniiim ia attacked by tttitiwwwy. H. Moiasan obtained with dry 
carbon monoxide, potasaium carbonyl, KCO; E Kengailo obtained with^co/Jon 
diojiide at —50^ sodium carbonate and hydrogen, and at —25° to —35° some 
formate is also produced. H. Moissan obtained with acetylene, C 2 Na 2 .CaH 2 , or 
( 2 ^ 02 ’ according to iLo conditions — vide carbides. Potassaiumoniiim yields 
C 2 Kn.C 2 U 2 > J. A. Joonnis iound that sodammonium forms with IraJ, a Icad-sodium 
animonia com pound : potossammouium attacks mercury/ and sodium chloride 
forms a complex sodium chloroamidc. C. A. Kraus and IL F. Kurtz found that 
when metallic salt is added to a soln. of a more electropositive metal in ammonia, 
})iecipitatinn of the metal (from the salt), either alone or os a coinjfouud with the 
other, may occur. The theory of the various possible cobcs is fully discussed. 
Bal(b of mercury, eaJmium, zinc, tin, lead, antimony, bisjnutb, aud thallium 
reduced thus by Bodium all gi\e compounds with sodium, but silver is precipitated 
alone. Some of the intcnucdiatc compounds of sodium with mercury, tin, and 
lead are not stable in contact with the soln., but decompose to comi>ouuds poorer 
in sodium. Mercuric ethyl chloride, by the same treatment (with excess of bodiuin), 
gives the rnmpoimd Nallg, identical with that obtained by reduemg ordmary 
mercury salts. In addition, the compounds NaUd, NaZn^, Na 4 Sn, Ni^Pli, and 
Na^Tlo were formed. In the case of calcium, in jdace of sodmiii, OaAg, L'ayZn, 
OajiPb-j, and Ca 5 Sn were thought to be fonni d. 

H. Moissan reported that lithamiiinninm, L 1 NII 3 , is obtained as a brownibh- 
red bolul when the liquid produced by the artiou of dry ainmoma gas uu blhium 
at ordinary timip. is rapidly heated to 70° ; if produced at lower temp , it always 
contains more ammonia than that demanded by the above fuimula. AVbcn 
allowed to icmain for any length of time at the unlinary temp., a soln. of lilliiutu 
ammoma in liquid ammonia yields lustrous, transparent cjydalb o[ lithaiuide. 
This leaction proceeds more rapidly at 65°-80°, and aj)j)oar 3 to be iiulependeiit of 
the ])rcss. II solid lithanunuuium heated at 50'’ or OU'’ is expoi ed to the rapid arlion 
of the vacuum pump, ammonia is evolved and cr}htalline lithium is obtaiui^d ; if 
the exhaustion i** ofioi'led more slowly at oidmary temp, hydrogen is also evolved, 
and the lesiduc roiisibtb of bthium and bthamide. Lithammomum is oxulizerl 
when exposed to air. With amniumum chloride, hydrogen, ammonia, and lilliiuin 
chloride arc funned. Acetylene forms C^Lio.C If the blue soln. of lith- 
auimoiiium is allowed to staud 24 lirs. at ordinary temp, there is furmi‘d a lirowiiish- 
red substance which has the compuMtiun Li(Nll 3 ) 3 . 11. Moissan obtained with 
inelhyUmmc and lithium, L 1 NII 3 .NU 2 . C. A. Kraus measured thi* \Mp. press, of a 
sat. bolii. of lithium in liquid ammonia, i.c. of L 1 NH 3 , prepared by 11. lilmssan, and 
found y-ys cins. at 20-3° ; 9-53 cms. at 19-3° ; 5*70 cms. at 9*75° ; and 3-31 cnis. at U\ 
From the relatiou he obtained 8098 eals., which 

represents the heat evolved when a mol of ammonia vapour combines with the 
metal under equilibrium conditious to form a sat. soln. ])y studying the vap. 
press, cun'cs, F. Bcuoit observed that sola, uf lithium in hquid amuiuma contain 
Li. 4 NJl 3 , which easily decomposes into lithamidc, hydrogen, and ammonia. There 
is no evidence of Li.^H 3 . The mol. wt. corresponds with Li 2 , 8 Nil 3 , and its heat 
of formation ; 2 LiB„i|d+BNHs{;A 9 — Li 2 « 8 Nll 3 ii,j.-} 8-67 Cals. G. A. Kraus and 
W. C. Johnson were unable to verify this for liquid ammoma at —39*4'’ containing 
between 3-6 1 to 60 mols of ammoma per gram-atom of lithium. The curve is 
continuous, rising rajiidly with increasing iblution, and then more slowly until the 
region of two liquid phasas is reached, when the press, remains constant at 510 mm. 
—that of ammonia alone is 555 mm. There is no evidence of the formation of 
compounds of the alkali metals with ammoma of the ammonium ty^ic. 

II. Moissan found that ccesammoiiiain, CsNlls, is formed when ammonia under 
atm. press, acts on cssium in the ionn of fine wire at 40°. On cooling by moans 
of a mixture of acetone and solid carbon dioxide, a blue bquid is obtained from 
irhich the crystallme, brass-coloured, csesammonium sejiaratcs. When brought 
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into contact with the air, it takes fire. It dissolves in liquid ammonia to form 
a hlup, oily soln. ; if this suln. be warmed or placed under reduced press., disso- 
ciation takes ])lace and small crystals of cucsiiim arc obiainer. Rubidium is not 
attack(Ml by liquid ammonia at -*75°, but at a Nlightly higher temp, action takes 
]>liir(\ and a blue sulu. containing ixibidammoiiiuuu RbNlls, is form(‘d. Rubidium 
IS first attacked by gaseous ammonia at atui. press, at The metaJ-aminonium 
easily dissoeiatos and heaves small, prismatic crystals of nibiibuiii. The reactions 
with acetylene resemble those willi the other alkali metals. 

While T. Weyl, J. A. Joannis, and H. Moissan consider that the soln, of tbe 
alkali metals in liquid ammonia contain compountls of ammonia and the metal, 

A. Seely, C. A. Kraus, and 0. Ruil and E. Gcwel say tliat the suln. are suln. of 
Ihe metal in aniinonia or mixtures of the metal with a solu. of the metal in liquid 
ammonia. If the ropper-roloiired .snbbtances be squeezi'd between folds of cloth in 

a filter-press, 0 . RulT and E. (leisel separated soUd + 

metal, and a sat. snln. of the metal in liquid ammonia. 

Following i\ A. Kraus, let Fig. 4C, represent the - 
roinpohition of snln. of sodium in ammonia in equili- 
brium with solid dininonia. Suln. willi a cone, between 
d and e are in equilibrium with solu. of cone. Iictwecn 
d and v along the curve EDC so llint two liquid pliaacs " ^ 
arc present. Solutions represcnleil by points on the 
(ur\e Holii. have a eniieentiatiun between and r, 

and are in e([uilibriuiu with solid ammonia, wlidi* I il TT l 

snhilions represenled by points on JiA are in 'upnli- fS ^ 

brium with solid sniliiim, eonsecjiiently, /ill is the molar per cefftHa 

soluliility curve of aoiliiim in ammonia. ()ii cooling, Snlnliiliiv of 

the holn. whose composition lies bctweim r and c, se]M- 
rates int o two liquid jdiosi'S ; the two soln. are mutually 

soluble in ull proportions at tlie point D which has not been lucated exactly — 
probably it is not far from —50’. A soliilion of tJie nielal in aninumia will form 
a two component system (NII 3 and melul) with two phases («t)]ji. and vaj)uur) so 
that if amunnii.i In* gradually witlnlrawn fiom the sj'stem, the iiress. will vary 
with the cone of the soln. (liivariiUit system), and become cunhlaiit only when a 
third ]ihase ajipiMrs (iiiiivaiiant bystem). Jf the tJurd jdinsc subsequently dis- 
u])])cais. the picss. will again a ary (bivaiiaiil system) as ammonia is withdrawn. 
If the third jihase chungis abniplly, i»roilucing a new (third) phase, the vapour 
jircBS. will rhauge to a new cun.^taiit vuliie. The system under consideration does 
not change in tins wtiy when tin* su]»posed metal-amuionia compounds separate 
from the soln., for if ammonia gas be gradually withdrawn from a vessel ron- 
taining a very dil. soln. of, say, sodium in animonu, the vapour press, decreases 
with increasing cone, until tlie suln. bcparatcs into two layers, a dark blue, more 
dll. soln. below, and a bronze-coloured, more cone, soln, above. The vapour press, 
remains constant until all the dil. soln. has dibappeared The vapour press, again 
decreasos with increasing cone, until the solu. is sat . and a solid begins to sejiardtc, 
when the pn^ss. miiains constant until nothing but ammonia and free metal 
remain. It might therefore be exported that the solid which first hpparales is also 
free metal, but J. A. Joannis says that it is not so because the solid which initially 
separates has the same colour as the suln., and it also has a metallic reflection, 
while the free metal has a silver-white metallic reflcelion ; J. A. JoanUis also 


assumes that the dissocial ion press, of the alleged compound is exactly equal to 
the vapour press, of the sat. soln. in order to explain the passage from compound 
to metal without an appreciable change of press. However, Ihe fact discovered 
by J. A. Joannis that at a series of different temj). there is no change of press, 
from the moment the solid jihasc begins to separa^ until nothing but free metal 
and gaseous ammonia remain, is not in harmony with the pliasc rule if a com- 
pound is initially formed which dissociates subsequently : NaNH 3 V^Na-|-^ffy] f^^ 
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the solid phase must consist of nothing more than free metal and a sat. soln. of 
the metal in ammonia. The sjrstem will be invariant— two components and 
four phases— and such a system can exist only at one definite fixed temp., yet 
experiment shows that such a system docs not exist. Hence, a fourth solid phase 
cannot be present if the phase rule is valid. There is therefore no satisfactory 
evidence of the chemical individuality of ainmines of the alkali metals, 

According to H. Moissan, if ammonia be passed over crystaUine calcium, Iheje 
is a rise of temp. ; anil if the temp, be kept at 15^-20°, the ealrium becomes 
brownish-red, and swells up, but does not form a soln. as do the alkali metals. 
Liquid ammonia dissolves a little, forming a blue soln. The product inflames 
when exposed to air; aud at —80^, ammoniuin chloride gives ammonia and 
hydrogen, H. Moissan said that the produot is calcium leframunnCj Ca(NIf;3)4. 
C). A. Kraus, however, showed tliai this produrt must have been a mixture because 


the compound actually formed is calcium hexammine, Ca(Nri<))s. He fmmd 
that if ammonia be gradually withdrawn from a sat. 
soo T soln. of ealeium in ammonia at — the vap. press. 

^ gradually falls as represented by the curve AB, Fig. 47 ; 

soa I I I I at B, the soln. separata's into two layers, a dil. and a 

fjouQ and the vapour press, remains constant, 

^ \.ln Afterwards, 

^ I f Ihe press, gradually falls from C/ to D as ammonia is 

I I withdrawn, until, at a press, of 471-8 mm. (-.S2-5'') a 

I I i solid compound appears, and this jiress. remains coii- 

^ mJ ^ slant, DEj until the sat. suln. disappears, when the 

molar per centra. press, falls abruptly from E to F-about 1-8 mm, 

Fia. 4,1 The vSolubility of j mpfal ralrium appears. This press , EF, 
moiijfi remams constant so long as the solnJ com])ouiid 


roinaiuB undecomposed. Analysis agreed with the 
hexammine formula. The solid eomjiound does not lose itb ammonia in steps, 
thus allowing that only one compound is frirnied which dissnciates diri'Ctly into 
the metal and ammonia : C'a(NH3)0^(^a | 6NH3 There is no sign of H. Moissan’s 
Ca(NH8)4 on the vsp. press, curve. W. Biltz and H. F. Iluitig gave 10-32 Cals. 


for the heat of formation of calcium hexammine. The old uaines of these roin- 


pounds aud their supposed ronstitution as compounds of the alkali nir'ldls 
with ammonia are based on the h}^)otheRis that the compounds NaNll^ and KNIJ3 
have an ammonium stnictiire ; but since the.se siibstauces do not exist, and Miire 
the known conqiouiids of the metals of the alkaline earths arc fornied by the 
union of the metal with six mols. of aminonia per atom of metul, 0. ilufl and 
co-workers say that the ammonium theory must be abandoned, and with it, the 
term metal -ammonium. The term, however, is good enough when meaning a soln. of 
the alkali metal in liquid ammonia. The pasty condition of the calrinm-ammonnun 
compound is attributed by E. Botolfseii to the presnnee of traces of sodium, and 
he belicveil that calcium can form a number of ammines with ammonia. When 


the calcium ammiue is heated in vacuo, at about 34"^, it decomposes cx]jlosiveJy, 
forming calcium nitride and hydride, aud hydrogen gas. According to H. Roederer, 
when dry liquid ammunia acts on sirontiuiii at — reddish-brown crysials ol 
Btrontiimi hexammine, Sr(NH8)8, are formed, and they dissolve in liquid ammonia 
to give a deep blue soln. The dissociation press, of the crystals is about 10 mm. at 
—40°, and 700 mm. at 46°. When strontium hexammine is exposed under reduced 
press,, it decomposes slowly at 20”, and very rapidly above this temp., evolving a 
mixture of ammonia aud hydrogen and leaving a wliite mass of strontiamide, 
Sr(NH2)2. W. Biltz and 0. F. Tliitlig gave 9-(U Cals, for ihe heat of formation 
of strontium bexaiumine. G. Roederer added that when a snlu. of strontium 


hexaroine is treated with carbon monoxide at —45°, a dull yellow, pulverulent 
mass of strontium carbonyl, Hr(CO)2, is obtained ; this becomes bright yellow on 
exposure to moist air, forms a limpid, yellow soln. with water, and blackens when 
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heated under reduced piesB., yielding a nodzime of strontia, Btiontiiim carbonate, 
and carbon. By the action of oxygen on Btrontinm hczammine, dissolyed in 
ammonia soln., cooled to the deep blniBh-black colour lightens and finally 
disappearB, an^ on allowing the ammonia to evaporate, a mixture of strcntia and 
strontium dioxide is obtained. Nitrogen dioxide also reacts with strontium 
hezammine, dissolved in ammonia Boln., forming strontium hyponitrite. According 
to A. Guntz, when barium is treated with gaseous or liquid ammonia, a compound 
is formed, which R. C. Mentrel showed to 1 m barium hexammine, Ba(NHs)6< The 
compound is made by passing ammonia over cold barium, when a red BoUd first 
appears which, at —23’’, passes into a blue liquid, and, at —50^, into a blue oil 
which is sparingly soluble in liquid ammonia. The compound is stable below 
—15^, but above this temp., it is converted into an amide. Barium hexammine 
inflames spontaneously in air, and is violently decomposed by water ; it absorbs 
oxygen, forming a mixture of barium monoxide and dioxide ; and with nitric 
oxide it forms barium hyponitrite. W. Biltz and G. F. Iliittig gave 9-65 Cals, lor 
tlie heat of formation of barium hexammine. According to A. Guntz and 
R. C. Menticl, when barium hexammine, dissolved in liquid ammonia, is treated 
at —50° with dry oxygen, the latter is absorbed with the formation of a white, 
gelatinous precipitate of indefinite composition, which, when dissolved in hydio- 
chloric acid, is decomposed with the formation of ammonia and hydrogen dioxide. 
(Wl)on monoxide, under the same conditions, produces barium carbonyl, Ba(CO)2, 

B yellow powder, which is unstable iu air, becomes brown at 100°, and incandescent 
at 250°, forming barium oxide and carbonate and carbon. 

According to C. A. Seely, magnesium is insoluble iu liquid ammonia, but 
C. A. Krau.s reported that it dissolves in liquid ammonia if precautions be taken 
to have a clean mclal surface in contact witli the solvent; and A. G. Loomis 
obtained an amalgam of magnaainin hezammine, Mg(NH3)5.Ug„, iu his study of 
the sybtoin ; mercury-magnesium and liquid ammonia. C. A. Beoly also said that 
alunduiuTn, thallium, indium, mercury, and copper are not dissolved by liquid 
ammonia— supra, solvent action of liquid ammonia. T. Wcyl showed that 
although liquid ammonia docs not act on zinc, yet, when sodammonium is treated 
with zinc diainminoxide, a zinr ammine is formed ; 2NaNH34-Zu0.2NIi3 
=^(NH-jNa)nO-|-Zn(Nll3)2. The deep blue liquid has a metallic lustre, and 
derompospB in the course of a day at a temp, of 12M6°, T. Weyl also prepared 
a mercury ammine by the action of sodammonium on mercuric chloride. 

Ammonia gas was found by F. Jones ^ to be absorbed by dry sulphur, and if 
heat be applied, ammonium sulphide and nitrogen are formed. J. B. Sendciens 
said that those products are formed by the action of aq. ammonia on pure sulphur 
at ordinary temp., but, according to C. Brunner, sulphur is insoluble in aq. ammonia. 
If the two be heated for some days in a sealed tube, F. A. Fluckigei found that 
ammonium polysulpliidc and thiosulphate are formed ; and W. V. Bloxam found 
that heating under press, is neccssaiy for the reaction. According to H. Moiasan, 
liquid aiiimouia acts at —38° ony-suljdiur ; at 15-5°, oujS-sulphur ; and at — '11-5°, 
on a-sulphur. In a sealed tube, at 20°, liquid ammonia dissolves about 30 per 
cent, of sulphur, forming a purple-red soln. of what he called salpbammoniumi 
he regarded this as a definite compound— between 0° and 20°, the com- 
position ooiresjMiidcd with S(Nll3)4, or (NH3)2S.2NHg ; at —23°, the formula 
c^sponded with (NH3)3S, or (NHg)2S.NH3, so that no defijiite formula can be 
given for the alleged compound, g! Gore, C. A. Seely, E. C. Franklin and 
C. A. Kraus, and C. Hugot considered the reddish-purple liquid to be a simple 
soln. of sulphur in liquid ammonia. H. hfoissan obtained sulpli ammonium as a 
purple-red soln. by the action of liquid ammonia on sulphur in a sealed tube. If 
the soln. be cooled 4°-5° below the f.p. of liquid ammonia, it becomes solid without 
the separation of sulphur. If the dil. soln. bo heated to 90°, the intensity of the 
colour diminishes, and at 131°, the critical temp, of ammonia, the liquid becomes 
colourlesBi and crystals of sulphur separate out. The liquid when cooled to 100*^ 
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again breomcs colourloss, and the original purple-red colour is restored at ordinary 
temp. If sulphammouium be a simple soln., said H. Muissan, it is not clear how 
at 100° the Holiil and solvent can exist beside one another. 0 . RufI and E. Geisel 
thought ihat the soln. might contain hydrogen sulphide, nitrogen sulphide, and 
ihiodiimide, (NIDaS, ot dithiodimidc, (NI1)282. They represent the first stage in the 
formation of sulphammonium os a reversible reaction : 10S+lNH3F^6H2lS-fN484, 
the two products on the right may form compounds with ammonia. The liydrogen 
sulphide can be precipitated with silver iodide, and nitrogen sulphide obtained 
from the residue. The same final state can be obtained by the action of hydrogen 
sulphide on a soln. of nitrogen sulphide in liquid ammonia. The blue sulphamido 
suln. can also be obtained by the action of liquid ammonia and hydrogen sulpliido 
on lead dithiodiimiilo, PbNoRo+'^H^S- PbSH-2NH3+4S ; and on mercury thio- 
diiniide, HgN2S+3Ili.8-llgS+2NH3d-3S. The soln. is decolorized by the 
addition of aminouiuiii sul])liidc which presumably forms a polys nlph id e, while a 
small proportion of utiimoniuni sulphide added to a liquid ammonia soln. of 
nitrogen sulphide jiroduces a blue soln. 0. Rull and E. tieiscl say that all these 
farts, and possibly also the dichroism of the suliihaniinoniuin sob.— red in trans- 
mitted, blue in reflected liglil— are in harmony with the assumption that the 
intense purple-coloured substance is partly a colloidal sol. of elemental sulphur in 
liquid ammonia, and partly a mixture of the products of a reaction between sulphur 
and ammonia. This h^’^iol hesis is not contradieied by any of 11 . Moissan's observa- 
tions. P. Lebeau and P. Dauiniseau claim that if the materials be all thorougldy 
dried, the reartions described by 0 . Ruff and E. Geisel do not occur. E. W. llerg- 
stiom bhu>\ed that the actinii of soln. of Hul])hur in liquid ammonia on the metal 
cyanides iiulicatt‘S that tin* equilibrium : 10 S-| 4.Nir3^=^r)ll2S 1-N4S4 probably does 
omir, but there are quite a number of other reactions involved : r.q. |t)S I-4NH3 

; ^ H4N4+()H«S ; II«S 4 2NH3 - (NJI4)mS ; a4N4-l 2Nlf3 ^ 2S(N]l)oH ; 

(NHjiS+ms^ (NH4)X 1 ; (Nn4)Aii-(Nni)A-lR; 

According to 0 . Ruff and L. llecht, the f.]». curve, Fig. 48 , of mixtures id 
sulphur and amuioiua fallh fiom - 77 - 31 ° to a eutectic at about - 7 !l- 7 ° and J 6’3 
per cent, of sulphur; it then rises to a maxiimim at “ 78 - 3 ^ and 24 jut cent, of 

sulphur corresponding willi sulphur hexammine, 
H(NH3)fl; the curve then falls to — 84 - 6 ° at a 
composition eorresponding withsulphuT triammine, 
S(NH3)3. The existence of this compound is shown 
by the break in the solubility curve, Fig, 48 . 
Roth cnnipnumls are probably assorialed to form 
doubled molecules in soln. 11 . Moissan's nulfhur 
dtaviine, S(N1T3)2, is not present in the system. It 
was therefore inferred that the assumed equilibrium 
10S+4NH3 ^GJIo 8+N4S4 is of mmor importance 
as most of the sulphur is presimt in the form of 
amniines. 0 . Ilufi and L. Hecht also examined 
the absorption of light by the soln., and the results 
indicate the probable existence of several com- 
pounds in the soln. A. E. Macbeth and H. Graham 
obtained sulphur hezitanude» or hezasnlphainidey 
S0(Nn2), by adding alcohol to mixed rhloroform 
Per cent, sulfihur ammonia and sulphur monochloride to 

oi tDtr^lphide and evapo- 

moiua. rating the motlier-hquor. The colourless, square 

plates melt at 105 ° ; they are insoluble in water, 
but Bolublo in organic solvents. This compoimd gives a culoiation with alcoholic 
soln. of potassium hydroxide, or of organic bases. The coloration may be due 
to a salt of a iiitrogen-sniphur acid. 

H. MoLSsan found that when a mixture of nitrogen, ammonia, and sulphur is 
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exposed to 45 atm. press, at —12°, or 20 atm. at —40°, ruby-icd crystals of sul- 
phammonium are formed. Those dissolve in an excess of liquid ammonia. The red 
colour con be detected when but 0*00061 per cent, of sulphur is present ; a trace of 
water imparts a greenish colour to the soln. The liquid freezes at —85° to a rod 
mass without the separation of sulphur. If the soln. is not sat., white plates of 
solid ammonia melting at —75° can be detected whon the solid is molting. The 
vap. press, curve of sidphammonium is nearly parallel to that of liquid ammonia. 
The liquid shows a characteristic absorption spectrum— with dil. soln., there is an 
absorption band cutting oS the yellow and orange parts of the spectrum, and 
another cutting oil the blue with portions of the green and violet ; with cone, 
soln., all except a green band and the least refrangible portion of the red end of 
the spectrum is cut oil. Sulphammonium is soluble in absolute alcohol, dried 
ether, and many other solvents. These soln. are stable at low temp. If other 
cooled to —60° bo added to a soln. of sulphammonium, a homogeneous purple-red 
liquid is formed, but if more ether is add^, the soln. bccuuics blue ; at —41)", the 
blue soln. is decolorized with the soparaiion of sulphur. The soln. prepared with 
chloroform at - 80° is purple-red, but at 15°, it suddenly becomes yellow with the 
sejiaration of crystalline 6ul])har. Some liquids which do not mix with the 
Bulphammoiiium may react with it — ^benzene, for instance, gives a brown soln., 
carbon di^ulf)hide, a blue one ; carbon tetrachloride, colourless crystal and an 
i)jangc-y(‘lli)w compound which dissociates at ordinary temp. 

According to 0. liutl and E. Gciscl, if sulphammnnium be slowly evaporated 
in air, a pale red uiixtuie of bul])hur with a number of other substances is formed. 
After btaiidiug for a long time, the mixture gradually loses its colour, and sulphui 
alone remains. If a quick current of hydrogen bo ]iassed through the evaporating 
liquid, the liquid ammonia first volatilizes, then follows ammonium sulphide, and 
nitrogen sulphides remain. The gases which pass o5 contain some hydrogen 
sulplinle. II. Moissan said the sulphammonium can transform many siibstances 
into sulphides. Brown ammoniacal soln. of iodine arc decolurizr^d by an excess 
of siilphainnionium with the evolution of ammonia. Molten selenium has no 
action; a soln. of calcium in ammonia forms white calcium sulphide; if llio 
Bulphammoniuin be in excess, red crystals arc formed. At ordinary temp., bulpliaiu- 
niLiiiiiim reacts with mercury, forming crystals which dissociate and produce mercury 
buljjhide ; dried calcium oxide forms red crystals and a solid which ciibily dibbociutes ; 
zinc oxide forms orange-yellow crystals; sodium chlondc and bromide arc not 
attacked ; anhydrous magnesium chloride forms a yellow erystallino compound ; lead 
rhlonde forms yellow crystals which dissociate in air under atm. press. ; mercuric 
chloride produces a dark-colourcd substance insoluble in liquid ammonia, but which 
dissociates in air to mercuric sulphide. 
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§ 21. The Bahstiiated Ammonias— The Amines, Amides, and Imides 

The eye may rest with complacency upon the aimple beauty of the law which governs 
the construction of bodies belonging to the type of ammonia. — A. W. UorMANN. 

The hydrogen atoms of ammonia can be replaced, one by one, by equivalent 
radidcs — ^methyl, CHg ; ethyl, C 2 H 5 ; ... to form a series of compounda ^ed the 
amines 01 substitaM ammoniaa in which nitrogen is undoubtedly tervalent. 
The amines are distinguished as primary, secondary, or tertiary, accoii^g as one, 
two, or three of the hydrogen atoms in ammonia are replaced by these radicles. 
Thus: 

®>H-N ^N-H 

AmmonlB. Hethvlsimne. DlmetbyUmlnB. TrlmFthylamine. DlmethyltthylawiiK^. 

iTtmary. Secondary. Tprtisry. Tertiary. 

The existence of the alkylamines was predicted by J. von Liebig, ^ 1837 ; in 1810, 
A. Wurtz obtained the primary alkylamines ; and in 1851, A. W. Hofmann prepared 
the primary, secondary, and tertiary alkylamines, and also the alkylammonium 
bases or the quartemary ammonium bases in which all four atoms of the ammonium 
group are replaced by the alkyl radicles. The basic character of ammonia is 
retained by the amines, and since the alkyl radicles are themselves basic, the ali- 
phatic amines are even more basic than ammonia itself. W. Ostwald made an 
estimate of the basicity of the ethyl ammonias, and found the relative strengths 
of these bases : 

NH, (C,H.)NF| (C|ns)«NOH 

4-8 206 2S>3 20-2 128-0 

The basic properties of the aromatic amines decrease with the number of radicles 
introduced ; the primary aromatic amines are stable ; the secondary aromatic 
amines are decomposed by water ; and the tertiary aromatic amines arc unstable. 
In organic chemistry, compounds containing the monadic group NHj are called 
amines or amides ; and compounds with the dyadic group NH are called imides. 
The existence of compounds like 

H Li Li li „ 

N/h n/h N^Ii n/I4 “8 <2"S 

H H "^Li N-Mg 

AmfflooU. Lithium amidp. Uthlom ImldB. UthliUB nltrldp, 
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in which one or more hydrogen atoms is replaced by a metal, is sometimes cited 
as evidence that ammonia is a weak tribasic acid. 

In 1B09, H. Davy, 2 and J. L. Gay Lussac and L. J. Th£nard independently 
sought to determine the composition of ammonia by passing the gas over sodium 
heated in a glass retort to about 300*', The glass of the i^rt was considerably 
corroded, and in the case of sodium, an olive-green crystalline mass was obtained. 
H. Davy’s investigation of the action of water, J. L. Gay Lussac and L. J. Thiinard’s 
study of the action of heat, and F. Beilstein and A. Geuther’s work on the action 
of hydrochloric acid on the olive-green compound showed that it is an amide of the 
alkali metal— sodium Bmide or aodamidei NHsNa. When made in glass vessels, 
the Bodamide is contaminated with products derived from its reaction with glass. 
It is best made in a silver, iron, or nickel vessel, when the 
resulting product is white. A. W. Titheiley used an iron 
vessel in which the sodium was heated to 300^00*^ in a 
current of dry ammonia. A. Guntz and F. Benoit used a 
similar process. L. M. Dennis and A. W. Browne prepared 
it in the apparatus depicted in Fig. 49. 

A shuot irDii vessel. A, with riveted joints and a double bottom, 
liQH a grooved rim B into wliioh iits a rover C. The rover has thnw 
tubular opoiiinga fitted uith rubber stoppere —one Z) ia an mlet for 
amiiionia, another is the nutlet, and the third is for a thermo- 
luotor Tho ammonia iidoi tube leads into a nickel dish 0 
which conlaius [■lean di^ sodium, and stands upon a little tnpnd to 
prevent direr t runt act vith tho hot boUom of the iron vessel A. 

\\ hen tjio lid r ' IB in position, tho annulai epare of tho rim is parked 
with hand. TJiu vossol A losls on a thick iron plate heated by a 
huitable burner Tho anununin is dried m a tower of eodadinie ; 
and tho Rodiuin honied to 100'" or 400°. Hydrogen mixed with 
the I'xoesfl of ammonia ehoapos. The reaction lu roprobenied 
2NIl,i-2Nn 2Nll|Naillj. 

Jj. Wfihlrr and F. Stang-Lund devised a special apparaius for the preparation 
of Bodamide of a high rlegroc of purity. F. Rnsslnr passed the ammonia into fused 
sodium ; once the roactioii has started external boating is unnecessary. 
A. W. Titherh*y also made the amide by heating sodium oxide in a current of 
ammonia; J. A, Joannis, by keeping sodammonium for somo time at ordinary 
U*mp. ; and H. Aloissan, by the action of ammonia on sodium hydride in the cold. 
T. Ewan made alkali amides by bringing a liquid ammonia soln. of the alkali metal 
and one of its salts- -e.f/ the cyanide— in contact with liigh carbon iron or steel as a 
catalyst ; or by electrolyzing a soln. of an alkali salt— e./;. tlic cyanide— in anhy- 
drous ammonia in the jiresence of high carbon steel or iron as catalpt, and with an 
alkali metal amalgam as cathode. The corresponding potassium amide, or 
potassamide, KNHg, was made by II. Davy, and J. L. Gay Lu.ssae and L. J. Thcnard 
in a similar way to that they employed for sodamide. F. M. Baiimert and 
H. H. Landolt , and A. W. Titherley made the amide in an analogous manner. Tho 
Badisehf Anilin- und Soda-fabrik made the alkali amides by passing ammonia gas 
into soln. of the alkali metals in fused anhydrous alkali hydroxide. The action 
takes }dace at about 275'’. U. Moissan made rubidium amide, RbNll 2 , by the 
action of ammonia on rubidium hydride, and by allowing rubidammonium to stand 
for some time. A. W. Titherley made it by the action of aniniunia on rubidium 
at 200“ -SOO'’. 11. Moissan also made eswrium amide, CsNII^, in a similar way, 
and also found that a mixture of amide and nitride is fonned when nitrogen is 
passed over heated cassiiim hydride. E. Rengade made it by the action of dry 
ammonia on caesium at 120“ ; and by the spontaneous decomposition of a soln. 
of csBsium in liquid ammonia. Clean lithium when exposed to ammonia in the 
cold acquires a bluish-white crust, but suffers no further change. A. W. Titherley 
made lithinm TiiN TT^^ hy the action of ammonia on lithium at 4.00°, and 

H. Moissan, by heating a soln. of lithium in liquid ammonia to 65°-80° ; and 
0. Rufi and H. Goerges also obtained it by the interaction of lithium and liquid 



Fig. 40 — The Prepa 
ration of Sodainido. 
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aiuniDuia in a Healed tube at ordinary temp, for two weeks. F, W. Dafert and 
R. Mlklauz observed that in the action of nitrogen on lithium hydride, of hydrogen 
on lithium nitride, or of mixturps of nitrogen and hydrogen or ammonia on lithium 
hydrirle or nitride, lithium imide, lithium amido, or triliihium amide, or mixtures 
of these three substanees are formed, the final product depending on the temp, 
and other experimental conditions. The amide can be readily obtained by the 
action of ammonia on amorphous lithium nitride at temp, between and 
or on crystalline lithium nitride from 4.10° to 430°, or on lithium hydridi* from 
440° to 400"^, the changes taking place according to Li3N-f2NH3-“3LiNH2 and 

LiH+NH:r LiNHs j Hg. 

Lithium amide was stated by A. W. Titherley to furnish long, colourless, trans- 
parent needles or a white crystalline mass, which, when melted, appears pale green. 
0. liuH and II. Ueurgea described it as forming white, lustrous crystals, consisting 
of regular hexahedra mixed with ortahedra andtetrakiahexabeilra, and of sp.gr.l-lTH 
at iK-o". F. Beilst('iii and A. Geuther said that sodium amide funiishes crystalline 
masses which a]^ppar brown when eooling but olive-green or flesh-red when cold. 
The colour, huid A. W. Tillierlcy, is due to the presence of impurities, for sodamido 
ran be reiidilv obtained in white crystalline masses with a conchoidal fracture. 
J. L. Cay Lussac and L. J. Thenard's preparation of potassium ainidi; was greenish- 
brown ; F. M. Bauinert and H. H. Landnlt’s was yellowish-brfiwn or ttesh-rcil, and in 
thill layers white; anil A. AV. Titherley s. a white mass with a waxy apjjearance. 
Rubidium amide wa.s iditained by A. W. Titherley as a white, eryslalliue in.i.ss ; and 
cipsium amide, byE.ltengadc, in micTOseopir prisms or plates. 0. RnfT and H. Georges 
said 1 hat liihiuin amidf’ has a ni.p. of 573 '-575', and it may be sublimed in ammonia, 
Aceorduig to A. AV. Titherley, lithium amide melts at 380" -!()()' ; sodium amide 
softens at J49\ melts at ami sublime.^ at \ potas.sinni amide melts at 
270" -272' ; rubirlium amide, at 285" 287°; according to C. A. Kraus and K. J. (’uy, 
sodium amidr* melis ai 200-4 ; and potassium amide, at 329-0' ; J. M. AJetJee gave 
208 for the m.p. of sodamidc ; andL. Wiildcr and F. Stang Luiid, 210'' for soda- 
mide, and 338’ for jjolassamiile. No other lueaks oecurred in the eoidiiig eurvi's. 
According to E. Ueiigadi', cicsiuni amide inells at about 250". U. Mentrel said 
that when lithium amide is heated to 430° in a stream of ammonia, it begins to 
decompose giving off hydrogi'ii and nilrogen and arriuiring a yellow colour, but the 
amide is re-formeil if the luoiliict is cooled in ammonia gas. Jn vacuo, dr‘rom])osi- 
tion begins at37(r ; after heating to 450", there remains white blliuiiuimide, L 1 . 2 NII, 

01 a mixture of itnidc and iiiirirh\ Deeoniposi- 
tion is completed at 750 '-800". (\ A. Kraus anil 
E. J. (^uy s results for I he m.]». of mix tun a of sriilium 
and potassium amhles are snnmiarized in Fig. 50. 
There is a eutectic at U2° with 33 molar ])er cent, 
of potassium amide, and a break in the curve at 
about 120'' corri'spon fling with the exi.-^1 cure of anun- 
stablo sodium potassium triamide. NaNIl 2 . 2 KNlL, 
which is largely diasociaied in the molten mixtuK*. 
AA^lien sodium amide is melted, it furnishes a jialc 
gri'en liquid which becomes dark green at 500 
and then ajipears to boil owing to its decomposi- 
tion. In vacuo, deconipositiou begins at 330\ and 
is cnmjdele at 440°. The jiroduet obtained at 3D0° is a mixture of sodium, sodium 
nitride, and sodium amide. J. L. Gay Lussac and L. J. Thimard said that decomimsi- 
tion proceeds Na 3 N+ 2 NIl 3 , but A. W. Titherley found that sodaniide 

begins to decompose into its elements at 5tK)°-ri(X)° ; and eoncluded that pF. L. Gay 
Lussac and L. J. Thenard's nitride was a mixture derived from impurities in the 
eodium, and from the action of sodium on the glass during their preparation of the 
amide. J. L. Gay Lussac and L. J. Th6nard found that potassLum amide 
decomposes when heated ; and A. W. Titherley noted that the colour of the 
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molten amide darkens with rise of temp, being almost black at 500*^. A . W. Titherley 
said that the amide documposes only when heated in glass vossels ; in silver 
vessels the amide begins to sublime at 400^’, and it distils rapidly in a 
current of hydrogen at 400°--500°. The product of the decomposition is not 
KsN, but the amide is resolved into its elements. Rubidium amide melts 
to a greenish-brown viscid liquid, and bcoomos darker in colour as the temp, 
rises. The brown liquid distils at 400^ B. dc Forcrand gave lor the heat of 
formation NH3,{a4+Na(M)iid=nf;na+^&NIl24oiid+20*B^ ; with liquid ammonia, 
16 Cals. ; and NaNH3goiid=H,^+NaNll2+15'G4 Cals. The heat of soln. at 
20"’-22° is 31-04 Cals. A. Guntz and F. Benoit gave 8G'70 Cals, for the heat of 
formation of lithium aimde, LiNH 2 . II. Davy said the alkali amide is a non- 
conductor of electricity. J. M. McGee said that while sodamide melts at 208°, 
it has a sp. conductivity of 1*G65 mhos at 210" — above this temp, the platinum 
electrodes act catalyiically in the decomposition of sodamide into ammonia and 
sodium imido or nitride. Arcording to L. AVohler and F. SUng-Luiul, molten 
sodamide or potassamide conducts a current elecbrolytically, due to the ionization 
NaNIl 2 =T^a‘+NH' 2 . Hydrazine is not formed at the anoiio, but rather ammonia 
and nitrogen, the discharge of the anion taking place according to the equation 
6Nir2+0i)=4NIl8+N2. The formation of hydrazine was probably prevented 
by the catalytic action of the sodamide. The sp. conductivity at 210° is 0-593 
mho for sodamide; and at 340° 0-38D mho for potassamide. The dcrom- 
pohiiion voltage at the m.p. is 0-71 volt for sodamide and 0-87 volt lor potas- 
samide, the former having a temp, coeff. of 1-52x10 ^ volt. E. C. Franklin and 
C. A. Kraus studied the electrical conductivity of sodium amide in liquid ammonia. 

When kept in dry stoppered bottles, sodamide grarlually changes in colour 
from white to yellowish-brown owing to the formation of oxidation prodneia— hypo- 
nitrilca, nitrites, etc. — since no change occurs if the amide ho well prchpctcd from 
air. According to E. Drcchscl, if exposed to air, the amide acquires a crust of 
nitrite. Sodium amide is hygroscopic and readily rlecompoHca wlien exposed to 
moist air. F, W. Bergstrom said that the elements react with soln. of amides in 
liquid ammonia provided that the salts of the element are soluble in ammonia ; 
M-l-nA(NH 2 )t-==^nA+M(NH 2 )fi, where M rcpicsents a metal of valency r?, and A 
the alkali metal. This agrees M^ilh E. C. Franklin'.s statement that potussiuni amide 
in liquid ammonia is a base like poiasbium hydroxide is in water. A. W. Titherley 
found that sodium amide does not react to any appr(-ciable extent when heated 
with hydrogen in a closed vessel ; hut F. D. Miles showed that sodium hydride 
is formed when the amide is heated between 200° and otK)'’ in a stream of 
hydrogen; NaNll 2 +n 2 =Nll 3 +NalI. A. Guntz and V. llenoit studied the 
reaction. J. L. Gay Lussac and L. J. Tliihiard, and IT. Davy found that 
when potassium amide is heated in oxygen, or air, there is a vigorous combus- 
tion and nitrogen is set free and pota.ssium hydroxide is formed. E. Rengadn 
said that when oxygen is passed into a soln. of potassiuiii iinude in liquid ammouia 
the main reaction is; 2KNIT2+30--KN03-f KOIIH NlTy -a little nitrate is 
produced. Ta'sium amide acts similarly. II. Schrader found that when the alkali 
amides are exiiused to air, thiy undergo autoxidation with formation of nitrite, 
hydroxide, and ammonia. AVhen finely-divided sodamide is (‘xposed to air in 
presence of a liltle water, a yellowish-red product is formed, which has now been 
shown to be sodinm amidoperoxide, probably of the formula NUNII 2 O 2 . After 
58 days, a sample was found to contain 0-44 molar piT cent, of peroxide and G-9 inols. 
per cent, of nitrite calculated on the sodamide taken. In dry air autuxiclatinn does 
not take place at the onlinary temp., but at lOO^-llU” C. it proceeds slowly, 9*5 luols. 
per cent, of peroxide being formed in the course of 170 hrs. The peroxide is stable 
in dry air, but in moist air is changed into a white substance, the aq. soln. of which 
gives the peroxide reaction, J. L. Gay Lussac and L. J, Thenard, and H. Davy 
sliowcd that potassium amide reacts vigorously with water, forming potassium 
hydroxide ; the reaction may be accompanied by inflammation. If an excess of 



256 


INORGANIC AND THEORETICAL CHEMISTRY 


water be avoided, ammonia eq. to the nitrogen present is evolved ; no hydrogen 
is formed imless the free metal be present. L. Wohler and F, Btang-Lund said that 
the reaction witli water is more regular if the aniido be previously moistened with 
alcohol. E. Rungade said that the roaclion with eeesium amide and water in air 
proceeds with incandescence; and without air, (!8NH24‘H20="^'**f^^+NH8- 
According to W. F. Winter, when sodium amide is treated with water, it behaves 
not unlike sodium, since it forms a globule which floats about on the water and at 
last explodes — sodium hydroxide and ammonia soluble in water are produced : 
NaNHg+HsO-^NaOU+NIIs ; while hydrogen and a little free nitrogen are formed 
as secondary products of the reaction. The proportion of nitrogen to hydrogen is 
lower if the sodamidc Las been made at a relatively low temp., and the proportion 
increases when the sodaniide has been kept for some tim(‘ so that hydrogen is 
completely eliminated by iirepariiig the compound at a high temp, or by keeping 
it a long time in closed bottles. 

When heated with the halogens, sodamide does not decompose 2NaNH2 
+Br2->2NaBr+Nll2.NHz, but rather decomposes INaNHz-l-SBrz-^^NaBr+Nz 
-t-2NH4Bi^-i«V/c ivfra, preparation of hydrazine. L. Wohler and F. Stang- 
Lund observed that chlorine and iodine do not form hydrazine with tli'> 
amides, but halogen-substituted ammonias. F. Ephraim said that a solii. of 
bromine or iodine in benzene develops nitrogen and forms sodium anil ammonium 
halide, hut no hydrazine. 0. RuS said that when a soln. of the amide in 
liquid ammonia is treated with iodine, Na^NTj is formed. F. W. liergsiruiu 
represented the reaction with iodine at —33°, 6I+6NaNH2=“6Nal-l-4NIl3-|-N2. 
Dil. hydrochloric acid funiishes sodium and ammonium chlorides. F. Ei)hraiiu 
found that sodium amide reacts energetically with molten sulphur, and a soln. of 
sulphur in benzene nr xylene forms nitrogen, ammonia, and sodium pnlysiilphides. 
F. W. Bergstrom found that sulphur readfly reacts with the amides ; while with 
selenium at —33° or at ordinary temp., there is first formed a white precipitate 
conteining an explosive substance; an excess of sdenium then yields highly 
coloured solu. containing polyselenides and a soluble, non-explosive j)(itaH.sium salt 
of an ammino-acid of this element. At —33°, tellurium reacts slowly with potas- 
sium and sodium amides, hut rapidly at ordinar)' temp. H. Schunmiiii observed 
a lively reaction between sulphur diuzide and potassium amide at 200°, forming 
(NH3)2S02 and (NH^lSOz, which sublime, and a mixture containing potassium, 
sulphur dioxide, and ammonia remains. 

H. Krtigcr and E. Drechscl observed that sodium cyanide is formed when a 
mixture of sodium amide and carbon is heated. F. Beilstcin and A. Geullier .>iliowed 
that with carbon monoxide, sodamide forms sodium cyanide, NaNH^-l-f/O 
--NarN-j-HzO ; with carbon dioxide, it is Bup]ioHf‘d that sodium carbamate, 
C0(NU2)0Na, is first formed: COz+NaNHz-^HzN.C'O.ONa ; and this when 
hPAtod forms sodium cyanate, NaOCN, thus : NHz.CO.ONa-^IlzO+NaOUN, and 
disodium cyananiide, CN.NiNaz is then formed: NaOGN-f-NaNHz-^lizO 
-fCN.N.-Naz; the complete reaction is re]»resented : 2NaNH2+('J02->2H20 
-f- CN.N : Naz- The reaction is complicated by the presence of moisture. W. F. Winter 
found that warm water containing carbon dioxide in soln. forms some cyanamide in 
contact with sodium amide. With carbon disulphide, sorlamidc forms sodium 
thiocyanate: NaNHz+CSz-^HzS+NaONS ; and with carbonyl chloride, not 
urea, but a mixture of sodium carljonate and chloride is formed. F. Rossler 
observed that sodium amide at 120° reacts vigorously with benzene, alcohol, 
acetylene, etc., forming sodium cyanamide, uscfifl as a manure or for the manu- 
facture of sodium cyanide. When heated with alhyl iodides, a very small pro- 
portion of the corresponding alkylaminc is formed, e.g, with ethyl io^de, 
CzHsI-j-NHzNa-^Nal-f-CzHsNHz ; the main reaction resulis in the formation of 
carbon, iodine, etc. Sodamide in the presence of substances capable of reacting 
with it breaks down in two ways : (i) The rupture of the mol, may occur between 
the sodium and the amido- or NHz-group as is the case when it reacts with water ; 
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imd (ii) The h7drogeii atomB of the amido-group may be replaced one at a time by 
other radiclcSi as is the case when sodamide is treated with a boiling soln. of a&ililiei 
1 'qH 5.NH2, in benzene, sodium aniline-HE.e. sodium phtnylamidc, C0H5.NH.Na, is 
formed ; and when a mixiuro of diphenylamide, (C0H5)2NH, and Budainide is heated 
to about 55 °, a rapid action occurs, and sodium diphenylamide is formed ; 
(C0ll5)2N.Na. A. W. Titlierley found that when sodium amido mixed with ailing 
is heated to 3 (X)°- 400 '’, silicon nitride is formed ; glass is attacked ; and with 
boric 03 ^ 6 , boron nitride is formed; 2NaNH2+B2O0=2BN-|-2NaOH+H2O ; 
lead borate is reduced to lead. J. M. McGee said that the solvent action on glass 
observed by A. W. Titberley was really due to the presence of sodium hydroxide, 
since no tendency to attack glass was observed below 240 °, but at 270 °‘' 300 °, there 
is a slight action in 2 or 3 days. 

W. WislicenuB showed that with nitrons oxide at 150 °- 250 °, sodium azide 
is formed. A. W. Tithcrlcy found that when sodium amide is warmed with nitrosyl 
chloride, nitrogen is evolved: N0Cl-hNaNH2->NaCl-|-N2+H20. E. Bengade 
said that sodium amide is insoluble in lirpid ammonia ; but potassium amide 
dissolves ; and csssium amide is sparingly soluble. A. W. Browne and F. Wilcoxon 
found that sodinm nitrate is amnionolyzed by fused sodamide : NaN03-|-3NaNIl2 
— NaNs-j-SNaOlI+NHs ; and E. C. Frankbn, by wanning a mixture of sodium 
iiilrate and amide in liquid ammonia in a scaled tube. W. P. Winter found that 
yellow phosphorus reacts with sodium amide, forming sodium phosphide and 
other products ; V. W. Bergstrom found that rod and yellow phosphorus react with 
potaHsaiuidc. W. P. Wuitci observed that the amide also reacts vigorously with 
phosphoms pentachloride, forming a complex series of products of unknown 
composition. F. W. Bergstrom found that arsenic and antimony react at 
ordinal y temp, with potassium amide, while the reaction with bismuth is very slow. 
F. Kjihraim observed that aisenic trioxide is reduced partly to the metal, and 
sodium arseuite is formed ; antiniony tlioxide behavt^s in an analogous manner. 

A. W. I'ltherh'y repr/rted that a soln. of sodium in sodamide is blue, 
bul J. M. McGcc could not make it. According to F. Ephraim, when sodium 
amide and magnesittm arc heated together, magnesium nitride and sodium 
are formed. Sodium amido does not react with iron, tin, Copper, and silver. 
According to F. W. Bergstrom, ammonia soln. of potassium 01 sodium amide 
form rod soln. with tin: lOSn \ 6MNH2=M4Sn0 f 2SiiNM(NH3)2. In the more 
cone. soln. of potassamidc, the lunnation over the metal of a passive coaling, 
removable by ammonnim chloride, prevents reaction. The curves of solubility 
of tin in the amides plotted against cone, indicate the formation of the corn- 
pounds Na4Sng or K4Sn0, respectively. Lead behaved towards potassamido 
in an erratic manner , either a green soln. ciaitainmg polyjdumbidc and, pre- 
sumably, ammonioplumbite was slowly formed or there was 110 action, as was 
the case with sodamide. A soln. of potassamide did not attack gold, 

copper, or germanium, and mercury was attacked with extreme slowness. 
Amalgams of lead, bismuth, or silver were unafiecied; those of copper and 
gold were attacked very slowly, and that of tin more rapidly. F. Ephraim 
found that when sodium amide is heated with ammonium chloride or iodide, 
sodium chloride or iodide is produced. It reacts generally as a reducing agent, 
thus, the chloridee ol lead, mercury, silver, tin, zinc, anid barium arc reduced 
to the metals ; calciam and potasrinm chlorides arc not reduced. A. W. Tiiherley 
observed no reaction between the amide and sodium or potassium oxide. The 
oxides ol lead, copper, and cadmium arc reduced to metals ; zinc oxide probably 
forms zinc nitride ; mercuric oxide forms sodium amalgam ; chiomio anhydride 
leacts vigorously when rubbed in a mortar with sodium amide ; chromic oxide 
when heated with the amide forma a black substance ; ferric oxide furnishes 
iron ; manganese oxide is not reduced to metal ; tungstic oxide reacts with 
incandescence ; vanadium pentozide reacts vigorously when heated with sodium 
amide, and sodium vanadate is formed. Many of the nitrates deflagrate when 
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triturated with sodamido, and a mixture of aodamide with potassilim ddCMtS 
explodes. Bodium amide does not easily reduce soditun chlOinata. The BOlphideB 
of the heavy metab mixed with powdered sodium amide and heated are reduced 
to tile metals; antimony and afsanic bunlpbidea give sulphosalis. The 
solutes are reduced to sulphides and then to the metals ; the phosphates are 
not reduced to phosphides, but to the metal. The alkaline earth phosphates are 
not reduced. A. W. Titherley found that lithium and rubidium amides react very 
like sodium amide. J. A. Joannis prepared a complex salt, sodium chloroamide, 
NaNHs-NaCl, by the action of bquid ammonia on a mixture of sodium and sodium 
chloride. F. W. Bergstrom studied the action of potassamidc in liquid ammonia 
soln. on manganese, cobalt and iron salts. 

According to F. W. Bafert and R. Miklauz, when lithium nitride is heated at 
220'’-250*’ in a current of hydrogen, lithium tritammoniom, LisNH^, is formed as a 
hygroscopic substance which evolves hydrogen and ammonia when treati^d with wal ei. 
0. Rufi and H. Georges said that it is a mixture of a mol of lithium amide and 2 
mols of lithium hydride being formed in accord with Li3N+2H2=LiN^H-21iiH. 
The resulting mixture of amide and hydride at gives lithiumimide and 

ammonia, from the decomposition of the amide, and the ammonia immediately 
combines with the hydride, forming imide and hydrogen, so that the total reaction 
is given by the equation: 2LLNH2+^^=^^^2^^+2LiH-f2Il2. This is 
supported by the fact that lithium amide does decompose into the imide and 
ammonia at 240°-450°, and that at a slightly higher temperature lithium hydride 
reacts with ammonia with the formation of lithium amide. F. W. Bafert and 
R. Mikku z based their hypothesis that lithium tiitammonium is a chemical imli- 
vidual on the facta : (i) Lithium imide is easily decomposed on exposure to aunlighl , 
according to the equation : 2Li2NH=Li3N+LiNH2» at the same time becoming 
coloured intensely red as shown by R. 0. Mentrel. Trilithium amide is not sensitive 
to sunlight and therefore cannot be a mixture of lithium imide and lithium hydndc ; 
(ii) the conversion of Li3NH4 into Li3Nll2 is a reversible process ; (lii) analogy with 
tricalcinm amide b not in favour of tnlithium amide being a mixture of lithium amide 
and hydride. When the alleged lithium tritammonimn is heated to 480°, lithium 
tiitamide, Li3NH2, is formed. It possesses properties analogous to those of the tri- 
ammonium compound. Lithium trilamide is also formed directly by the action of 
hydrogen on crystallized lithium nitride which has be>en obtained hj heating lithium 
at 460° in a current of nitrogen ; the reaction is so vigorous that the amide is 
obtained as a fused moss. When the tritamide is exposed to sunlight, a 
red substance, thought to bo lithium imide, Li2NH, is formed: L13NTI2 
=Iji2NH-|-LiH. Lithium tritamide, at about 600°, reacts with nitrogen, forniuig 
the imide : 4Li3NH2+N2=6Li2NII-hH2. A. Guntz and F. Benoit gave 52*6 Cals, 
for the heat of formation of lithium imide. 

E. C. Franklin prepared nibidiom diamidolithiate, Rb[Li(NIl2]2l, or 
LiNH2.BbNH2; rubidium diamidosodiate, UbLNalNUs)^], or NaNIIs-HbNlL ; 
nibidiiim triamidosodiate, Rb2[Na(Nll2)3l ; potandom triamidolithiate, 
E2[Li(NH2)8] ; and potacfiitun tziainidoso^te, K2[Na(NH2)]3- As indicated 
above, lithium imide was reported by R. C. Mcntrd to ^ formed by heating lithium 
amide to 450° in vacuo ; but it is not formed by heating lithium and lithium amide 
in vacuo at 460°. 0. Kull and H, Georges obtained the imide by heating the 
amide in a silver dish at 360° until the evolution of ammonia had almost ceased, and 
then raising the temp, to 450°. It forms a white, partly-sintered mass of sp. p. 
1*803 at 19° ; and it docs not molt at 600°, but assumes a yellow colour— the white 
colour is restored on cooling. At higher temp., it decomposes, giving the blue 
lithium ammonia compound and a white powder— possibly lithium nitride. 
F. W. Bafert and B. Miklauz observed that on exposure to Bnnlight, lithium imide 
decomposes according to the equation: 2Li2NH=:Li3N-|-LiNH2, the reaction 
being accompanied by the development of a dark red colour. At 450°, lithium 
imide reacts with hydrogen, forming the tritamide : 3Iii2NH-f-2H2— 2LiaNH2+NH3. 
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Aitenajpts by A. W. Titberley to make lodiiim inddBi NajNH, by the action 
of ammonia on eodiiun oxide gave aodamide, NaNH2, uid water: Na20+2NI]8 
->2NaNH£+H20, The water at once decomposes the sodamide, forming sodium 
hydroxide and ammonia, but if the action be suddenly stopped some of the 
primary product— eodamide— can be obtained; sodium oxide and sodamide do 
not react to any appreciable extent. See potassium and sodium amides fox the 
properties. 

F. F. Fitzgerald ^ treated a aoln. of copper tetramminonitrato with potassium 
amide, and washed the olive-green precipitate. The product is thought to be capxolU 
amide. It ie soluble in an excess of the alkali amide. E. C. Franklin treated cuprous 
nitride with a soln. of potassium amide in liquid ammonia, and obtained caprone 
hemipentamininopotaGsloaiiiide, CuNE2*2iNH3, or potastium ammoniocuprite, 
in colourless crystals which readily form caproos potasriom amminoamide, 
CuI^ 2-^^8 j ^ben heated below 200**, and at 200° form caprone potassium 
amide, OuNKs, or potassium triamidoenprite, CUNK2.2NH3 or Cu(NH2).2ENIl2 
or K2 [Cu(NH 2)3]. E. C. Franklin mixed soln. of potassium amide and silver 
nitrate or iodide in liquid ammonia, and obtained a white precipitate of silver amide, 
AgNH2. The compound is very explosive ; it blackens in light ; and is soluble in 
soln. of ammonium salts or of potassium amide in liquid ammonia, but not in the 
rorresponding aoln. of silver nitrate. J. Eggert showed that the sensitiveness of 
pilver amide to explosion is net materially changed by lowering the temp, to —190°. 
A gradual isothermal cltangc of press, to 5000 atm. brings about a decomposition 
of 97 per cent, of the sainples of silver amide. E. C, Franklin found that silver 
potassium amide, AgNHK.NH2, or AgNU2.£NH2, or K[Ag(NH2)2], potassium 
amidoaraentate, AgNIT2+£^If2==^n3+AgNHE, separates in crystals from 
cunc. Boln. of silver and potassium amides in liquid ammonia. These can be healed 
at 100° without cliange, but gradually undergo decomposition when left in the 
air. If llie salt is troatod with sobi. of acids in liquid ammonia, silver amide is 
fust })Teri]iitnled, and dissolves, on further addition of^the acid, with formalion of 
1 ho silver salt of the and used. For tilvei imide, Ag2NH, vufs fulminating silver — 
3. 22, 11. According to J. Jacobsen, when silver nitrate is added to a Bubi. of 
chloroauric arid, a brown precipitate la obtained according to the equation 
HAuUl^+lAgNOa-j-SlIrtO— Au(OH)3,lAgC!l+4IlN03. By the action of ammonia, 
this is converted into fulminating gold, or auric dihydroxyamide, 
Au(01I)2.NIl2, or (AuM, 2H20),H20. The substance, when washed with aq. 
ammonia, followed by water, alcohol, and ether, and dried at a low temp , 
explodes violently when touched with a knife. The explosion takes effect 
11) a downward direction. On boiUng fulminating gold with {lotassium 
hydroxide, blaekish>brown, flocculent, explosive, aurio tetrahydroxyimide, 
Au(Ofl)2.NU.Au(OII)2, IS formed. For F. llasehig's auric imidoamide, 
Nil : Aa.NH2, and auric chloroimide, NH : AuCl, vide fuboiinating gold-^. 23, U. 

H. Moissan ^ prepared caldum amide, Ca(NH2)2, in transparent crystals, by 
the spontaneous decomposition of calcium ammine in an atm. of ammonia, or in a 
scaled tube. G. Roederer obtained white sfarontiam amide, Sr(NH2)2) by heating 
the hexamniine in vacuo at 50°, or by heating strontium in gaseous ammonia at 
200° ; at a higher temp., say 800°, only the hydride and nitride are formed. Tho 
Badische Amlin- und Soda-fabrik passed ammonia into soln. of tho alkaline earth 
metals in fused, anhydrous alkali hydroxide. J. A. Joannis obtained barium 
amide, Ba(NH2)2, by allowing a mixture of barium bromide, potassium, and an 
excess of Uquid onimonia to stand for some days ; BaBr2+2ENH8=^2KBr-|-H2 
-|-Ba(Nll2)2 ; 11. Moissan, by the action of ammonia on barium hydride: 
BaH2-|-21%8s=2H2-f Ba(NH2)2 ; A. Guntz and B. C. Mentrel, by heating barium 
at 280°-400° in a stream of Binmonia-"above 160°, barium nitride is formed; and 
R. C. Mcntiel, by wanning barium hexammine — ^the reaction is slow at 0°, fast at 
30°, and very rapid at 60° ; and tho reaction also proceeds more quickly in 
vacuo The greyish-white barium amide ia decomposed by moist air and by 
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water. A. Guntz gave for the heat of formatioa ; Ba+2NH3 — Ba(NH2)2+H2+69-3 
Cals. For the properties, see the alkali amides. 

According to F. W, Dafcrt and U. Mildauz, when a mixture of equal vols. of 
hydrogen and nitrogen is passed over the heated alkaline earth metals, or over their 
hydrides or nitrides, as the case may be, calcium imlde, CaNH, strontiiim imidei 
SrNH, or barium imide, BaNH, is produced. These compounds darken on 
exposure to light as in the case of lithium imids. Calcium imide is the most easily 
prepared, but it has not been obtained pure ; while the formation of barium imide 
is incomplete. A. Guntz and F. Benoit gave 80-24 Cals, for the heat of formation 
of barium amide ; 84-3 Cals., for strontium amide ; 93-0 Cab., for calcium amide ; 
and for barium imide, BaNH, 54-4 Cals. E. C. Franklin prepared potassium 
amidobariate^ BaNE.2NH3. or Ba(NH2)2ENn2, or K[Ba(NH2]3], by the action 
of an excess of a barium salt on potassium amide, in Imuid ammonia sola. ; 
potassium triamidocalciate, E[Ca(NH2)3l, or CaNE.2NIIa; and potassium 
diamidostrontiate, SrNE.2Nns, or E[Sr(NH2)8l> made in a similar way. 

According to F. W. Dafert and K. Miklauz, w'hcn calcium nitride is heated, 
within certain limits of temp., in a stream of hydrogen, the gas is absorbed, forming 
lemon-yellow or orange-yellow oaldum tritadiamidej Ca3(NH2)2» which is scarcely 
afiected by heating in nitrogen or hydrogen, but changes slowly in diffused light, 
and rapidly in ennlight, to a greyish-black substance, probably a mixture of cal- 
cium imide and calcium hydride, formed acrordiug to the equation Ca3(NH2)2 
=^2CaNlI+Can2. The amide, in an impure form, has also been prepared by 
heating ralciujn hydride in nitrogen. F. W. Dafcrt and R. Miklauz similarly 
obtained strontium triiadiamide, Si3(NH2)2, by the action of hydrogen on 
strontium nitride ; but barium britadiamide, Ba,dNH2)2, cannot be so obtained 
because it reacts with hydrogen. The temp, at which hydrogen and nitrogen 
unite with the metals and at which hydrogen unites with the nitride, are : 

Cb Sr na CAjNt Br,N| 

Nilpogcai • 410“ 380“ 260“ _ — . _ 

Hydrogen . 300“ 213" 170“ 200“ 270" 300“ 

This shows that the tendency of the alkaline-earth metals to combine with nitrogen 
and hydrogen increases with the at. wt., v^hilst the tendency of the nitrides to 
combine with hydrogen deiTcascs with incroase in at. wt. of thn metal. 

E. C. Franklin,^ and F. W. Bergstrom prepared magnesium amide, Mg(NIl2)2, 
by the action of magnesium on a sola, of the alkali metals in liquid ammonia ; 
of sodium or potassium ammoiiomagiiesiatBS on magnesium and liquid ammonia ; 
and of lithium or sodium amide and magnesium ou a soln. of Bodium in 
liquid ammonia. F. W. Bergstrom obtained magnesium diamminosodamide, 
Mg(NHNa)2 2NII3, or Na2rMg(NH2)4l Hd prepared magnerium diammino- 
potassamide, Mg(NHK)2.2NIT3, or potassium ammonofn^iMsiaiej by the action of 
potassium amide in liquid ammonia soln. on magnesium: Mg+2KNH2+2NH3 
=n2-hMg(NHE)2.2NIl3 ; or on magnerium iodide, nitrate, or acetamide ; 
Mgl2+4ENIl2— Mg(NHE)2.2NH3+2Kl. The salt occurs as a fine, crystalline 
powder, which is only slighriy soluble in liquid ammonia, and is rapidly hydrolyzed 
by liquid water or water vapour. It is not explosive, and may be heated to 100" 
without loss of ammonia. For the properties, see the alkali amides. E. Frankland 
passed ammonia into an ethereal soln. of zinc ethyl, and obtained zinc ftmidOf 
Zn(NH2)2» and ethane i Zn(C2H5)2“l“2NH3=Zn(NH2)2H"2C2ll0. The white, 
amorphous solid is not decomposed at 200° ; it is insoluble in ether ; and is decom- 
posed by water : Zn(NH2)2 4-2H20-=2NH8+Zn(0H)2. H. Peltzcr said that with 
dry hy^ogen chloride, ammonium tei^acklorozincatc, (NH4)2.ZnC]4, is formed. 
F. F. Fitzgerald, and E. C. Franklin prepared zinc potassfunide, or potassium 
tetramidozincate, E[Zn(NH2)4], 2ENH2Zn(NH)2, or Zu(NHK)2.2NH3, by the 
action of a soln. of potassium amide in liquid ammonia on powdered zinc, 
zinc amide, or zinc totramminoiodido for 7 days : Zn(NH3)4lo4'lKNH2 
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BeZn(NHE)2.2NHs+2EI+^EHg. The oolonrlesB oiyetala decompoae on exposure 
to air ; they react vigorously with water, forming ammonia, and zinc and potassium 
hydroxides ; they are sparingly soluble in liquid ammonia, but soluble in soln. of 
ammonium salts in liquid ammonia ; they dusolve energetically in dil. acids with 
the evolution of much heat ; and they are not decomposed when heated to 160 ° 
in vacuo, but at a higher temp., they give oS ammonia. If heated to 220 °, rino 
uuninopotassunide, Zn(NHE)2.NH3, or Zn(NH2)2.E2^j one pota^om 
iinidoaniidei is formed; and at 250 °- 326 °, EinO haminmmiiinpnfawBnmidp, 
Zn(NHK).|tNHa, or potassium ammoniozincate. G. S. Bohart found that when 
cadmium iodide, or potassium cadmium cyanide, is treated with a soln. of potas- 
samide in liquid ammonia, cadmium amide or potassium cadmium amide is formed 
acrording as the ammonio-base or the salt is in excess. Cadmium amide, 
Cd(NH2)2, is a white powder, which on exposure to moist air assumes an orange 
colour, and then slowly changes to pure, white cadmium hydroxide. It rracts 
violently with water, and when suddenly heated explodes with the liberation of 
metallic cadmium. When heated at 180 ° in vacuo, it loses ammonia and leaves 
cadmium nitride, CdBN2i a black, amoiphons powder, which becomes orange- 
coloured on exposure to moist air, and then slowly becomes white. It explodes 
violently when brought into contact with water, and deposits metallic cadmium. 
Cadmium potassamide, or potassium cadmium amide, Cd(NllK)2,2NH3, or 
potassium tetramido-cadmiate, K[Cd(NH2)4], is a white, flocculent powder, which 
becomes grey when exposed to light. It reacts violently with water, producing 
ammonia, potassium hydroxide, and cadmium hydroxide, E. C. Franklin prepared 
nadiniuiifi diammiuopotassamide, Cd(NllK)2.2NH3, potassium amnumiocadmiate, by 
adding potassium amide to a sola, of cadmium iodide or nitrate in liquid ammonia. 
For mercury amide, Hg(Nlf2)2 ; mercury imide, IlgNlI, and various derivatives — 
vide 4 . 31 , 8 et seq. 0 . Rufi and E. Gciael found that sob. of mercuric iodide and 
nitrogen sulphide reacted m liquid ammonia sob., forming a precipitate of mercuric 
Oliodiimide, HgN2S.NH3, in bright yellow crystals which resemble the lead com- 
pound, but contains one atom of sulphur less. The addition of lead iodide to the 
filtrate from the mercury compound produces a precipitate of lead dithiodi-imide, 
and, conversely, mercuric iodide prccipitaics mercury tldodi-imido from tho filtrate 
from tho lead compound. H. Hirzel obtained merourous amidoarsenate, 
Hg2(Nll2)A504, by boiling mercuric oxide with a sob. of ammonium arsenate. Tho 
wiiite compound resembled the corresponding amidophosphato. E. C. Franklin 
represented its constitution Hg : ABO4.IIg.NH2. 

J. A. Joannis ^ prepared boron amide or boramide, B(NH2)3, by the action of 
ammonia on boron tricldoridc, at — 23 ° : BC!l 3 -|- 16 NH 3 = 3 NH 4 (NH 3 ) 3 Cl-f B(Nll2)2 ; 
and at 0° ; BCls-f 6NH3=^3Nn4Cl-fB(NH2)3. If tho temp, be higher than this, 
the amide passes into the imide. Tho removal of the ammonium chloride by washbg 
with liquid ammonia is attended by great losses. The preparation of boZOU imida 
or borimide, BgfNHjs, was effected by J. A. Joannis as just inrlicated, or by the 
action of ammonia ou boron tribromide at 0°; 2 BBr 3 -j- 27 NH 3 - 6 Nl] 4 (NU 3 ) 3 Br 
+B2(NH)3. a. Stock and M. Blix made it by warming boron hexamminosulphidc, 
B2S3.6Nn3, for many hours, at 115 °- 120 °, in a current of dry hydrogen or amiuouia : 
B2S3.6NH3=3NIl4SiI-|-B2(NH)8. The product is contaminated with a little 
sulphur, and m order to keep the amount small, the imide is powdered and treated 
with ammonia for a day at 116 °. The white powder begins to give off ammonia 
above 125 °, and at higher temp., the nitride is formed quantitatively : B^(N11)3 
==2BN-{-NH3. imide is insoluble in alcohol, ether, carbon disulphide, and 
liquid ammonia ; no solvent is known which does not decompose the imide. Water 
decomposes it with the evolution of heat, forming boric acid and ammonia. The 
imide reacts with hydrogen chloride with the evolution of heat and tho formation 
of boiw imidohydzoohloridey B2(NH)a.3HCl. After shaking boron imide for 12 his. 
with liquid ammonia, the imide increases m vol. and some amide is formed ; if 
sulphur be mixed with the liquid ammonia, tho imide, at 100°, acquires a dark blue 
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colour, and on pvaponition, an amoiphona substance is formed which imparts to 
water a violet colour ; acids cause the separation of milk of sulphur. 

F. W. Bergstrom ^ found that amalgamated aluminium reacts with aodamide in 
liquid ammonia soln., forming crystaUine sodium aluminium amide, or sodium 
ammonahminatet or sodium amidoaluminaUf to which one of the following f onnulse is 
applicable ; Al(NH2)2.MIlNa.MU3 ; or Al(NH2)3.NaMIl2 ; or Na[Al(MH2)4]. 
The reactions are supposed to be Al+3NaNH2r^Al(MH2)8+3Na; Al(MH2)a+NaNH2 
-^Al(NH2)2NHMa.MH8 ; and 3Na-f 3NH2=3H2+3NaNU2. This compound loses 
a mol of ammonia when heated in vacuo above 90**. The reaction with potassamide, 
fom^ potassium aluminium amide, Al(MHo)2.NHK.Nn3, or A1(NU2)8.KMB2, 
is similar. It is assumed that dil. soln. of the alkali metals in ammonia are 
salt-like in character. If the product be dried in vacuo at 80M16**, there 
remains potassium aluminium amide, A1(NH2)2KM1I. E. C. Franklin 
found that when an excess of aluminium iudido is added to a soln. of 
potassium amide in liquid ammonia, a white precipitate is produced which 
is redissolved by an ozgcss of potassium amide ; on the addition of potassium 
amide in quantity just sufficient to yield a permanent precipitate, aluminium 
iodoamide, or ammoniohasic aluminium iodide^ is formed: 2AII3+3KNH2 
=3KI-|-Al(Nil2)3.All3. At ordinary temp., this salt separates from the soln. 
as a ciystallinc hexamwine, A1(NU2)3 AII3.6NHS ; and at low temp., as an octo- 
decammine. If potassium amide be added to a soln. of this salt in liquid ammonia, 
the composition of the precipitated salt is Al(NH2)3.Al(NIl2)I.NH3; and when 
heated, it loses 2 mols of ammuma, forming Ai(N 112)3. Al^ HI, al nmininm 
iodoiiiiidoamide. 

£. C. Franklin showed that if potassium amide acts on black thallium 
nitride in liquid ammonia, tballous tetramminopotassioainide, IWK2.4NH3, or 
TlMiI2.2KMH2.2NH3, potassium triamidothdllite, K2LTl(NH2)3ji i^ fonned in golden- 
yellow crystals freed from excess of ammonia in varuo at —40°. It lohi's 2 mols 
of ammonia at 20° in vacuo forming TINK2.2NH3, nr *i'lMH2.2KNH2 ; ami at 1(K)°, 
another I mol, forming TlMK2-ii^H3, or T13N.6KNH2, or a mixture TljN-f GKNH2. 
The crystals of the tetrammine are isomorphous with those of potassium amide, but 
thalhum amide and imide are unknown in the free state, even at —33°. Both 
thallous nitride and the complex amides explode with great violence when subjected 
to shock, or heat, or when treated with water or dil. acids. 

For carbon amide, see 8. 20, 31. A. Stock and K. Somiesky & found that cliloro- 
silane and ammonia gases react at ordinary temp , and il the former is in excess, 
ammonium chloride and trimonosilFlBmine, or trisilylammonia, N(8i1l3)3, is formed 
as a spontaneously inflammable liquid: 3Sill3Ul-f4NH3‘-'(»SiIl3)3N<| 3Mll4(l, 
The vap. density agrees with tlie simple formula N(Si}l3)3. The b]i gr. of the solid 
is 0-895 at —106°; the b.p. is 53^; and the m.p., —105 6°. The vap. press., 
p mm., is : 

-so* -40" -24 4" -110" -4 2" 0" S" 30' 15" 

p . 04 10 20 05 69 100 137 172 212 

or logp=-1956-I0r-i+l-751ogr-O 00830r+7-20404. The liquid is stable 
in the absence of air ; it is vigorously decomposed by water ; N(SiH3)34 6H2O 
=3Si02-|-MH3+9H2 ; it does not combine with hydrogen chloride or monocliloro- 
silane; but with hydrogen chloride: (SiH3)3N-f4HCl=^38iH3Cl+MH4Cl. A 
homogeneous substance could not be isolated from the product of the action of 
monochlorosilane on an excess of ammonia. The chlorine is converted into 
ammonium chloride, and the silicon furnishes in the form of volatile compounds. 
The initial product is principally disUylamme, or disOylammunia, MIl(SiH3)2, 
admixed with the tri- and mono- amines. The diamine is not stable in the dil. 
gaseous state, and slowly decomposes: MH(SiH8)2=SiH4+SiH2 ; MH, and the 
kttei immediately condenses to the polymeric form (BiH2:Mil)n. The same 
product is obtained as a result of the reaction between dichJorosilane and an excess 
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of ammonia : SiHtCl 2 + 3 NE 8 <» 2 N]^Cl-f SiH2 : NH. The polymeride, (SiH2 : NH)Ai 
is a white substance lesembling silicic add. The solid product in benzene soln. 
has n between 7 and 8 . The residue obtained by evaporating the solvent is a 
viscid liquid which gradually passes into the solid— presumably a more highly 
polymerized condition. The polymeride is decomposed by a soln, of so£um 
hydroxide: BiH8:KII+2H20=Si02+^H2+NH3, and the same change is more 
blowly produced by water; and with hydrogen chloride, ( 8 iH 3 ) 2 NH+ 3 H(l 
=2Ri^Cl+NIl4CI. The behaviour towards gaseous hydrogen chloride is remark- 
able ; mono-, di-, and tii-silylamines are smoothly and quantitatively transformed 
into monochlorosilane and ammonium chloride. The ready replaceability of the 
Si-N group by Si-halogen appears to be quite general with silicon compounds. 
In gencrat the compounds containing nitrogen exhibit a close analogy to the 
corresponding substances containing oxygen. Thus, the conversion of NH2.Sill3 
into NU(SiH3)2 in the presence of an excess of ammonia is paralleled by the fonna- 
tion of 0(SiH3)2j and not Sills-OH by the action of an excess of water on mono- 
chloiosilanc ; the conversion of the volatile unimolccular SiH20 into (SiH20)j; 
is similar to that of SiH2 -* Nil into (SiH2 : N}I)x, and affords a further example of 
the leniarkablo tendency towards polymerization of substances which contain but 
lew hydrogen atoms directly united to silicon. 0 . Kufi and K. Albert prepared 
silicou nitndihydridey Il.Si : N, by the action of ammonia on silicochloroiorm : 
S1HCI3 f-iNIIs^SNH^Cl-l- SilTN. 0 . Bull found that ihc product is mixed with a 
littli‘ amide. On passing dry gaseous ammonia mixed with hydrogen into a Woulfc’s 
bottle, cooled at Ib^, into which silicochloroform diluted with hydrogen ib simul- 
taueoiHly led, a white powder liaving the composition N : Sill+3NH4C14-0*2NH3 
IB oblamed ; the ammonium chloride may be abnost completely removed by washing 
the product with liquefied ammonia in an apimratus from which moisture is 
excluded ; but attempts to remove the ammonia completely, either at the ordinary 
teni]). Ill a vacuum, or at 100 '’, cause partial decomposition according to the equation 
Si(NH)2^-II2- The nitrohydride w a white powder witli a caustic 
taste, winch is decuiupused by water 01 bodium hydroxide soln., giving hydrogen, 
thus : SiHN-h 4 NaOH-=’Bi(ONa) 4 +NIl 3 -f-H 2 ; the action is quantitative. It has 
all the reducing properties of silicoformic anhydiide, and is converted by dry 
hydrogen chloride at 300 ° into Bilicochlorufurin and ammouium chloride. 

According to £. Lay, if a soln. of silicon totrochlondo in bexi/eno bo mixed with an 
emuluion of hydrazinu in dry lieiizono, a wliilo powder is obtninod wliirh is a mixture of 
ervBtals of hydrazine dichloiidi^, and amorphous grains ot a bulistance with tho empirical 
i'[»ini>OBition, Bi(NH)|, or Si(M |H«)|. A ssparation with orgaiile solvcnth is not possible. 

F. Lengfeld prepared silicon tetramide, Si(NH2)4, by the action of benzene soln. 
of silicon tetrachloiide and ammonia, and subsequently evaporating the solvent. 
E. Vigour oux and C. Hugot allowed dry ammonia and silicon tetrachloride to react 
at — 50 ° ; much heat is developed. The ammonium chloride formed in the reaction 
is removed by washing the liquid ammonia on a glass-wool filter. Water decom- 
poses the product with the evolution of ammonia. The white powder is stalde 
below 0 ° ; above that temp., ammonia is given off, and silicon diimide, Si(Nn)2, 
is formed. The diimide is formed by heating tho tetramide at 120 ° or in vacuo at 
100 °. M. Bliz mads it by heating silicothiouiea ; some aimnonium hydrosulphide 
is formed at the same time, but no free sulphur. M. Blix and W. Wirbelauer made 
it by the action of liquid ammonia on silicon disulphide, or silicon dichlorosulphide. 
In the latter case, the product is contaminated with some free sulphur. They sbo 
made it by treating silicon hexamminotetrachlonde with liquid ammonia under 
press. The ammonium chloride was washed out with liquid ammonia. L. Gatter- 
mann employed a somewhat similar process. The white amorphous powder is 
stable even at the softening temp, of glass ; but at a high temp., 900 °, it is converted 
into silicom (ijf.v.). It is decomposed by moist air, and with water it furnishes silicic 
acid and ammonia. It does not furnish the amide when heated with ammonia. 
It forms salts with the halogen acids— liquid hydrogen chloride furnishes silicon 
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S.(NH)2.2HC1. Aocoiding to R. Bdiwaiz and W. Bexann, 
when a soln. of silicon hexachloride in anhydrous ether is gradually added to liquid 
ammonia, a polymer of silioon diamidodiiinide, NH2.Si(NH).Si(NH).NH2, is 
fonnod, the accompanying ammoniom chloride is removed by washing with liquid 
ammonia, and subsequently drying in a current of nitrogen at —20° to remove 
adsorbed ammonia. At about — 10 °, the compound loses ammoniai forming a 
polymer of gilioon trilmide : 


The triimide is stable at atm. temp. ; it decomposes above 400 °, chiefly with the 
rapture of the silicon bridge, and the formation of some silicocyanogcn, Si2N2- 
These compounds are very sensitive to oxygon, and particularly to moisture. 
A. Stock and E. Zeidler obtained silicon dihydzotriiiiude ; 




by the action of ammonia on trichlorosUane under reduced press, and at ordinary 
temp., 2SiHCIl8+9NH3— 6NH4Cl+[8iH(N^]2Nlt. If the product be gradually 
heated it decomposes, mainly in accord with [SiH(NH)]2NIl=^28iNIl+NU3, and 
at about 250 °, the ammonium chloride begins to sublime. The main action with 
hydrogen chloride is symbolized ; [SiH(Nll)j2NU+9HCl— 2SiHCl3-f 3NH4CI. 
The action of ammonia on silicon tetrachloride furnishes silicon imidodiamide, 
SiiNHalsNH, in accord with: Sia4+7Nn3-4NH4Cl+Si(ND2)2 M. Blix 

passed dry ammonia into a benzene soln. of silicon dibromosulphide, and obtained 
flOioon diamidosnlpbide, SiS(NH2)2) nr silicon thiourea, as a white powder which, 
after some time, decomposes: SiS(NH2)2+2H20-Si02+H2S-|*2NH3. It is 
decomposed by water into silicio acid, ammonia, and hydrogen sulphide. It has 
basic properties and forms salts with the halide acids. E. C. Franklin and T. B. Hino 
prepared silicon potassioamidonitri^ N;Si.NHK, by the action of potassium 
amide, iu liquid ammonia soln.. on silicon amide, 

A. W. 'J'ltherley obtained a brown powder by healing amorphoue eilina and alkali 
amide ia 300°-400°. He regarded it on ailicon imide It was not docDinpoBr*d by water 
or boiling olkali-Iye ; but with fused alkoli-lye, ammonia is given oil and alkali aiheato 
formed. 


M. Blix and W. Wirbclauer prepared pflicam, or silioon imidonitride, Si 2 N 3 ir, 
or NSi- Nil— SiN, by heating sdicon diimide to 900 ° in an atm. of dry nitrogen. 
Bilicam was made in 1857 , by H. St, C. Dcville and F. Wohler, by the action of 
ammonia on silicon tetrachloride. E. Lay made it by the action of dry ammonia 
on silicon hcxamminotetrabiomido, at 9 ^°; an impure product is piuduced by 
heating it in hydrogen or nitrogen at 1000°. E. Lay found that the voluminous 
white powder so formed has no tasto or smell ; it has a sp. gr. of 2-015 at 17 ° ; its 
colour is not changed by heating, but iu the blue gas flame it slowly oxidizes with 
a grecm'sh-yellow phosphorescence. The heat of formation is 132*44 Cals. When 
silicam is oxidized by heating it in air, nitrogen is evolved, but no apparent com- 
bustion occurs ; in oxygen, however, comhustion does occur with vivid incan- 
descence— nitrogen and water are formed. If the oxygen be nascent— e.^. if the 
Bihcam be admixed with kad dioxide; potassium chlorate, hromate, or nitrate; 
sodium dioxide; molyMic or chromic acid — ^much of the nitrogen may be oxidized 
to nitrogen peroxide. Many oxides — bismuth, cadmium, lead, coyper, or mercury 
oxidcr—im reduced when heated with silicam. M. Blix and W. VVirbelaucr said 
that silicam is not decomposed by water, but E. Lay reported it to be slowly dccom* 
posed by water at ordinary temp., forming ammonia; with boiling water, the 
decomposition is rapid and complete. Boiling alkali-lye dissolves it, forming alkali 
silicate and ammonia ; molten alkali hydroxide decomposes silicam very quickly. 
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BiKoam is very Btabic towards the hdogens ; with cMorm at a bright red-heat it 
foimB hydrogen chloride. With hydrojluorio acid, silicam foimB a clear eoln. of 
ammonium fluorilicate. When heated with cone, sulphuric add, ammonium sulphate 
is formed. When heated in a current of nitrogen at 1200 M 400 ^i it forms silicon 
nitride. Cone, nitric add has no apparent aotion on silicam. When heated with 
arsenic or antimeny triedde, the metal and hydride are formed : 4As203+3Si2N3H 
s=AsH]|+7AB+6Bi02+9I^< At a bright red-heat, silicam reduces carbon dio 7 ^ 
to carbon. 

According to M. Bliz and W. Wirbekuor, impure titanium tetrainidje» Ti(NH2)4, 
is produced by the action of liquid ammonia on titanium tetramrainotetrachloride. 
A. Stabler obtained the same product by the action of liquid ammonia on the 
liexamminotetrachloride or octamminotetrachloride. The compound is vigorously 
decomposed by water. When the amide is heated, M. Bliz and W. Wirbclauer say 
that titanium diimide* Ti(NIl)2, is probably formed. 0. BufE and F. Eisner said 
that the tetramide is always contaminated with chlorine, which on ignition furnishes 
hydrogen chloride, ammonium chloride, and titanium chlonmitride, TiNCl. 
K. C. Franklin and T. B. Bine prepared titanium potassioamidonitiide, N ; Ti.NUE, 
by the action of potassium amide on titanium tetrabiomide in liquid ammonia 
soln. The sob . probably coni aiim the ammonolytic product titanium bromonitride, 
N : IHEr, which reacts : N j TiRr+2KNH2=KBr+NH3-|-N.' Ti.NHE. The 
inquire, brick-red powder is not explosive, but is vigorously decomposed by water. 
A. Btiihler and B, Deiik treated zirronium bexamminoiodide with liquid ammonia 
and obtained the octammmoiodide, which, when washed with liquid ammonia, 
doconiposes into a miziuie of zirconium amide, Zr(NIl2)4i &nd ammonium iodide ; 
Zrl4.RN H3-4NH4l-f-Zr(NU2)4. 

F. W. Bergstrom obtamed potassium stannous amide, Sn(NH2)2.KNH2, or 
SnNK(NH2]2, or K[Su(NH2)3], as a white solid, very soluble m liquid ammonia, 
by the action of mercury on the product of the reaction of tin with potassium amide ; 
by the action of the amide on an czeess of tm amalgam ; or by the action of 
potassium amide on stannous chloride. The corresponding BOffium stannous amide, 
8ii(NH2)2.NaNH2, or SuNaN(Nll3)2, or Na[Sn(Nil3)2j, was obtamed m a similar way. 
F. F. Fitzgerald found that when an excess of a soln. of potassamide in liquid 
animonia is added to one of stannie iodide in the same solvent, a crptalline precipi- 
tiite of potassium stannic amide, or stannic tetramminopotassami^, or potassium 
hrjamidosUinnate, K2[Su(Nll2)6]i or Sn(NE)2.4NH2, is produced, which, when 
heated at 145 °, loses 3 mols. of ammonia. On further heatmg in a vacuum at 316 °, 
a brick-red powder is obtained, which still contains some ammonia and is decomposed 
violently by water with evolution of gas and deposition of tin. E. C. Franklin 
showed that if a liquid ammonia sob. of iiotassium amide be treated with a sob. of 
lead iodide, an orange-red precipitate of lead imide, PbNH, is slowly formed. The 
colour slowly becomes brovm. The compound ezplodes when heated, or when 
treated witli water or iLl. acids. It is dissolved by dd. acetic acid or dil. potash-lye. 
It is slowly decomposed by sti^am. If lead nitrate be used in place of the iodide, 
a basic salt, possibly Fb2N(N02)aNU3, is formed. With an excess of potossium 
amide a soluble lead potassimidie, KPbN, is slowly formed. E. C. Franklin also 
made potassium triamidoplumbite, E[Pb(NH2)s] ; and lead iodoimidoamide, 
NII2 PbNH.Pbl, or Pb : N.Pbl.NHs, or PbNU.PbNHoI, by pouring potassium 
aimde sob. on oue of lead iodide and shaking the mixture as long as the lead iodide 
is in excess. The white, non-explosive precipitate, when healed, loses ammonia 
and gradually darkens m colour. Soln. of metal iodides in liquid ammonia were 
found by 0 . Bull and E. Geisel to give precipitates with a liquid ammuiiia sob. 
of nitrogen sulphide ; thus, lead iodide forms lead dithiodiiinide, PbN2S2.Nn3, 
crystallizing m olive-green prisms, becoming orange in air without alteration of 
weight, decomposmg when slowly heated, and exploding very violi'utly at 140 ° 
when rapidly heated. Hydrogen chloride reacts quantitatively according to the 
equation PbNaS 2 .NH 2 + 6 HC!l-PbCl 2 + 3 NHs+ 2 S-h 401 . Dry liquid hydrogen 
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sulphide reacts thus : FbNg^iNHs-fSHgSs^PbS-h^S-l-SNHs. Ethyl iodide forms 
ethyl sulphide and lead iodide. E, Chaiivenct showed that when thorium tetiain- 
minototrachloride is heated to 250 '*- 300 ^, it forms thorium unidOt Th(NH2)4, 
and at a red-heat, thorium imidei Th(Nn)2. 

The amido- and imido-compounds of weak elcctronogative elements have not 
been prepared ; no compounds of the NH2-gToup with chromium, molybdenum, 
tungsten, and uranium are definitely known, but some more complex compounds of 
this type have been reported. K. J. Meyer and H. Best^ obtained no evidence 
of the formation of amidochromic acid, I10.Cr02-NH2, by the action of ammonia 
on a soln. of potassium chlorochromate m dry acetone. E. Heintze prepared 
potassium amidochromate, NH2.CrO2.OE, by the action of dry ammonia on a 
sob. of potassium chlorodbromate m dried ether free from alcohol. The aq. sob. 
of the salt furnishes red crystals which can be dried at 100°. J. Ohly also obtained 
it by the action of dry ammonia on potassium chlorochromate. A. Fock said that 
the monoclinic crystals have the axial ratios u ; b : c- 1 * 02832 ; 1 : 1 - 7751 . A cold, 
sat., aq. sob. contsiuB 13 per cent, of the salt. If boiled for some Lours with water, 
it is converted into a mixture of potassium and ammonium chromates ; it reacts 
with nitrous acid: 2HK02-f2K(NH2)Cr03— K2Cr207+2N2H-3H20; and when 
boiled with alkali-lye, ammonia is given oS. Both 6. Wyroubofi, and A. Werner and 
A. Klein were unable to prepare tliis com{>ound by E. Hointzc*s method, and regard 
his product as impure potassium dichromatr, S. Lowenthsl prepared ammonium 
BSUdocbrOinate) (NIl40)(NJl2)Cr0, by a process like that employed by E. Hcmtzp 
for the potassium salt ; and A. Fork described the monoclinic crystals. G. Wyrou- 
boff, and A. Werner and A. Klein were unable to prepare Ihe amidochromate, and 
G. Wyrouboi! suggested that the alleged amidochromate is impure ammonium 
dicliTomatc. S. Lowenthal obtained lithium amidochromate, L1O.CrO2.NH2, by 
the method rmjduyed for the potassium salt. A. Fock ohseived that the crystals 
are tricbnic, but G. WyrouboS could not obtain this compound when purified 
lithium salts were used. S. Lowenthal reported an impure magnesium Bmido- 
chromate, and a mercury amidochroiuate, Hg3(('r03)2NH2, formed by the action 
of potassium amidochromate on a soln. of mercuric acetate in cone, acetic acid. 
Some of the mercuriammonium chromates can bo represented as amido-cornpounds, 
For the awidO‘2^ho8p}iat£8^ vide phosphorus. B. Skorniin prepared mercuric 
dioxydiamidodiromate, 3Hg0.ng(NJl2)2.Cr03. or Hg402(NJl2)2CT04, by the action 
of an excess of mercuric nitrate on ammonium chromate in a boilmg sob. 

A. Rosenheim and F. Jacobsohn treated freshly prepared potassium ohloro- 
chromate with hquid ammonia in a scaled tube. The product after washing wil h 
liquid ammonia corresponded with potassium ammonium imidochromate, 
(NH4)ECr03NH, or (K0)(NH40).Cr0.NH. When exposed to air, or when dissolved 
in water, ammonia is given ofi, and the ordmary chromate is formed. They also 
passed diy ammonia into a sob of chromyl chloride in dry chloroform and obtained 
a brown volummous mass with the composition (Nn3)3(Cr02)2(NH|)2, which may 
be ammonium triimidochromate, HN(NH.CJrO.ONH4)2. Most of the ammonium 
chloride can be washed away from the product by means of liquid ammonia. 
When chromic anhydride is treated with liquid ammonia in a sealed tube at ordinary 
temp., the product has the empirical composition CrOy 3NH3, but is thought to be 
awmiminm imidochiomatei HN : CrO(ONH4)2. The compound readily gives up 
ammonia to air, and dissolves in water to form ammonium dichromatc. By the 
mteraction of lead iodide, chromic anhydride, and liquid ammonia, 
lead imidochromate, {NH : CrO(ONU4)0}2Pb, is formed as a brown powder 

J. Ohly roportod that he had made ehromyl amide, or chromium dloxyimlde, CrO|(NH,)„ 
by dissolvmg potashiiun aimdochromato in water; mixing with oono. aq. ammonia; 
covering the liquid with a layer of ether ; and treating with diJorbe, The brown soln. 
depobits leaflets of the alleged chromyl amido, which givoa oil ammonia when rubbed with 
soda-lime ; and its oq. soln. gives the amide reactions with silvor nitrate and li«d acetate. 

E» Uhrlaub prepared a substance with the composition M04NX0H4 and one with 
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iJie compoailaon Mo^NuEi, liy the action of diy ammonia on molyUennin ohloride. 
The simpler formula molybdenum midonilride, MoNgH, may >pply- Ho also 
ezamined the action of dry ammonia on iraim molybdenum tiioade, out the product 
was probably a mixture. The condusions are therefore uneatiefoctory. E. E. Smith 
and V. Lenher treated molybdenyl chloride, MoOjClsi ammonia and 

obtained a substance with the composition M05OBN3H3, which they supposed to be 
molybdyl triimule : 




Much heat is developed during the action, and ammonium chloride and water are 
formed. The compound has a black, meialbc appearance, and ifl stable in the air ; 
it does not combine with hydrochloric acid, but is energetically attacked by nitric 
acid (sp. gr. 1'12], slowly by dil. alkalis, and yields ammonia when fused with 
potassium hydroxide. When heated in an atm. of nitrogen, water is formed, and 
a red compound is obtained, wliich is probably molybdenum dioxide mixed with a 
small quantity of nitndc. When tioated with aq. silver nitrate, crystals of metallic 
Silver are deiiobitcd. AVlien molybdenyl chloride is healed to bright redness m an 
atm. of ammonia, an amoiqjhous, black, metallic-looking mass is formed with 
the coni])Obition M07O14NQTIJ0, molybdyl pentamide. It is not attacked by dil. 
alLalis, gives ammonia when fused with potas&iuni hydroxide, is eucrgcticully con- 
verted into niolybdic acid by the action of nitric acitl, and precipitates silver from 
a Boln. of silver nitrate. According to A. KoscnLoim and IL. J. Braun, when 
molybdenum trichloride i.s heated to 310 ^ in ammonia, black mcdybdenum tri- 
amidotiichloridei Mo (Nubian), is formed— the ammonium chloride can be 
removed by washing with water since the amiduuhloridc is insoluble in water and 
dll. arids. If kept for fuui days in a sealed tube with liquid ammonia, midy- 
bdenum decamminotriamidotrichloridej Mo2(NH.2)3Cl3(N}f3)xo, it forms as a brown 
mass. The ammonium cliloiido lun be removed by washing with liquid ammonia. 
\Vhm exposed to air, the dccammiuo gives oil ammonia, and when gently heated, 
it forms the Irifimidotrichloride. If niolybdic chloride be treated with 25 per cent, 
nq. ammonia, the black, or dark green or brown mass has the empirical composition 
M0O4NH4, and coi responds with molybdyl hydioxyamide, (NHi2)Mo02(0U).H20. 
11 . Fleck and E. F. Smith obtiiincd a similar product, (NH2)Mo02(011), by the 
aiiiun of dry or aq. ammonia on a chloroform soln. of molybdenyl chloride. The 
black precipitate— juobably mohjhdyl diamidti, Mo02(Nll2)2— forms the brownish- 
red hydroxyamidc when extracted with alcohol, A. Bosenheim and F. Jacobsohu 
found that liquid amuionia reacts with molybdenum trioxidc, forming a 
Huow-whiie substance with the empirical rompobition M0O3.3NU3, molybdenum 
triamminotlioxidei ami the same substance was formed by the action of liquid 
ammonia on molybdenyl chloride. The product was thought to bo am- 
moDinm imidomolybdate. Nil : MoO(ONH4)2 ; ammonium lead imidomolybdatei 
(Nli4)2Pb[Mo(NH)03]2, was also prepared. When a soln. of potassium amide 
m liquid ammonia acts on molybdenum trioxidc, a mixture of Nil : MoO(OK)2, 
potaraom imidomolybdate, and j^tas^mn mtrilomailyhdate NK:MoO(OE)2, 
appears to be formed. F. W. Bergstrom found tliat nitridation occuis when sohi, 
of molybdenum hahdes iii liquid ammonia arc kept for some days. Potassium 
ammoniomolybdite, or molybdenum amidodipotaadmidei Mo(NK)2NH2, is pre* 
cipitated by adding excess of potassamide soln. to molybdenum tribiomide soln., 
and keeping for some weeks. Free potassium is formed owing to reduction of 
the potassamide and “ nitridation ” of the molybdenum ; hydrogen and nitrogen 
are simultaneously formed. The compound reacts vigorously with water and is 
soluble in dil. sulphuric acid; it loses O-SNHs at 120 - 130 ^' in a vacuum. The 
sodium ftmmoniomolybditef or molybdonum amidodisodimidei is prepared using 
molybdenum pentachloride aTid sodamide. 

F. Wohler reported a tungsten imidoiUtlUe^ WbNqQi, or W(NH.W.N : NH)2, 
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to be foimed when ammonie is passed over heated tungsten hezachloride. The 
black masB appears like coke. TtHien heated in air, ammonia is first evolved, and 
the mass then burns to tungsten tiiozide. Acids, and alkali-lye are without 
action ; molten potassium hydroxide forms a tungstate with the evolution of 
ammonia and hydrogen. It is reduced to metal when heated with carbon, 
hydrogen and nitrogen are evolved. Ammonia is given off when the compound 
is heated in hydrogen, and tungsten imlde, W(NH.W.NH)2, is formed with the 
evolution of ammonia. At a higher temp., the metal is produced, F. W. Bergstrom 
observed that potassium ammoniotun^te, or tungsten omidodipotasrimide, 
W(NE)2NH2, is precipitated as above, using a soln. of potassamido and tungsten 
pentabromide in liquid ammonia. It is pyrophoric, blackens in air, and reacts 
violently with water. If excess of halide is used in these precipitations, ammonio- 
basic mixtures are obtained. 

S. Kidcal heated timghion triozide with ammonium chloride until its weight was 
confltont. The composition corroBjioiidod with tungsteih oxyn^tnd^^ WO|.WN|, or W|N|Oa. 
£. J). Dobi roportod a number of oxynitrides to be formed in an analogous manner, 
W1N4O, W5 Kb() 4, otB. Doth A. Lottermoser, and M. Guicliard fon^idor that 
the alleged oxyiiitridos are partially redured tungstic oxide mixed with a nitrogen com- 
pound, and possilily olementaJ tungaten. F. WOhler obtained what lio regarded as iungtitm 
oxyamxdonxtridet W7N,B404, or, according to S.BidoBJ,\V|K|oU404, by the action of dry 
ammonia on heated tungsten tnoxide, or an excess of ammonium chloride on potossiuni 
tiuigstale followed by leaching with water. The black acalos give oiT ammonia when 
heated; in hydrogen, ammonia and water are given oil find the metal remain<i ; in air, 
tungsten trioxido is formed. Tho compound is also oxidized when heated with copper 
oxide or red-lead. With sodium faypoohloriie, hydrogen is given oJT. Water at 231 )°, 
acids, and alkali-lye do not act on the compound, but fused pulaBsinm hydroxido forms a 
lungsinte with the evolution of ammonia. When limgstou trioxido is hoatid to dull 
rednoBs in a current of dry ammonia, S. Kideal said that a groy amorphous powilor with tlie 
eompo&ition W'l^'ill^O^, is fonned. These subslances ore probably raixtum^ 

According to E. F. Smith and 0 . L. Shinn, a substance with the composition 
W4N4O4H2, is formed when tungstyl chloride, WO2CI21 is heated in u current of 
dry ammonia. There is no action at ordinary temp. The black mass is insoluble 
in water, it is not attacked by hydrocliloric acid or dil. alkalis, but is very energeti- 
cally acted on by cone, nitric acid, and yields ammonia when fused with potassium 
hydroxide. It is not altered by heating with cone, sulphuric acid at 180 ^- 250 ^’. 
When treated with aq. silver nitrate, crystals of metallic silver are deposited. 
A. Rosenheim and F. Jacobsohn said that liquid ammonia does not react with 
tungsten trioxido even at 106 M 09 ° in a sealed tube; with hydrated tungsten 
trioxide, liquid ammonia forms tungsten dhunminotrioxidef WO3.2NlIa.H2O; 
and with tungstyl chloride, brown tungsten triammmotriozidei WOa.SNIlg. 

Uranium trioxide does not react with liquid ammonia, but uranyl chloride 
furnishes a greyish-green precipitate which has not been obtained pure. E. F. Smith 
and J. M. Matthews prepared uranium oxynitride, U11N5O26, by heating uranyl 
chloride in a porcelain boat heated in a current of dry ammonia, when, at a compara- 
tively low temp., the material assumes a dark colour, and copious fumes of 
ammonium chloiide are evolved ; the heat is then raised and continued until no 
more fumes are given off, and a dull black residue freo from chlorine is left. This, 
when fused in a nickel crucible with potassium hydroxide, slowly evolves ammonia. 
When introduced into soln. of silver nitrate, brilliant orysials of metallic silver are 
formed. When heated in a sealed tube with dil. sulphuric acid ( 1 - 2 ), complete 
soln. ensues. V. Eohlsrhiittcr and E. A. Hofmann prepared the oxynitride, 
UO5N, by dehydrating bydioxylamino uranate at 125 ° until the weight was ron- 
Btant; this is a brownish-black substance with metallic lustre; cold, dil. acids 
liberate a mixture of nitiogen and nitrous oxide, uranic acid remaining dissolved. 

In 1894 , J. Thiele and A. Lachmau^o prepared nitramide, or nitroxyl amide, 
NUa-^^a, t.c. H2N2O2, isomeric with hyponitrous acid. They found that by add- 
ing a soln. of potassium hydroxide to a cone. aq. soln. of nitrouiethane, 
NO2.NH.COOC2H5, at 0 °, potassium nitrocarbamate, NO2.NH.COOE, separates 
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In platGB whioh are immediately decomposed by water with the development of 
heat yielding nitrons oxide and potassiiim carbonate ; if, however, the potassium 
nitrocarbamatc be treated with a mixture of ioe and sulphurio acid, nittocarbamio 
acid, NO 2 .Nil.COOH, is sot free, and this at once splits up into carbon dioxide and 
nitramide, NH 2 .NO 2 . To isolate the nitrocarbamide, the suln. is sat. with 
ammonium sulphate, and extracted with ether ; on evaporating the ether in a 
current of air at ordinary temp., the nitramide separates out in prismatic crystals, 
and if light petroleum be present in the ethereal soln., lustrous plates are formed. 
J. Thiele and A. Lachman also made it in small quantities by the action of potassium 
imidosulphonate in cone, sulphniic acid, on nitric acid or ethyl nitrate. Nitramide 
melts at 72°, but the m.p. is considerably lowered by tracos of moisture. Nitramide 
is somewhat volatile at the ordinair temp., and dissolves in all tho common solvents 
with the exception of light petroleum, the aqueous soln. having a strongly acid 
reaction. It is most unstable, and when mixed with copper oxide, lead chromate, 
or even glass powder, decomposes into nitrous oxide and water with devcloj^mcut 
of heat. It is also decomposed by cone, sulphurio acid and by hot water, but, 
unlike the alkylnitramines, is equally unstable in alkaline suln. Accoidiug to 
J. N. Bronstod and C. V. King, the decomposition of nitramide, U2N202->H20 -j- N 2 O, 
is strongly catalyzed by platinum black, but not by bright platmum. 'J'he 
decomposition in water at 15° is 10 per cent, faster than the spontaneous 
decomposition in acid soln. at the same temp. The dissociation constant 
K-2‘bxl0r'f- Oil reduction, it yields a substance having strong reducing 
properties, probably hydrazine. E. Baur found the mol. conductivity, /x, of 
mtramidc for a mol made up to 1-941 and 63*105 htres, to be between 
0-5205 and M26; and, owing to decomposition, A. Hantzscb and L. Kauf- 
manu found the latter value foil to 1-042. They also found for v--32 and 
64, respectively /x=:l*95 and 1-69, and consider nitramide to be an acid witli 
a conductivity about DUO times smaller than that of acptic acid ; £. Barn’s 
results led him to conclude that the acid is 5-6 times weaker than acetic Rcid. 
A. llantzBch measured the transport numbers of tho ions, and concluded the 
sticnglh of the acid is 40-50 times less than that of acetic acid. The salts are 
particularly unstable. J. N. Bionsted and co-woikcis fnund that the aq. soln. 
decomposes quantitatively: H 2 N 202 =H 20 +N 20 ; and is slow enough for 
measurement in dd. hydrochloric acid soln. at 15°. Tho reaction is accelerated in 
the presence of basic substances. J. Thiele and A. Lachman said that the alhdli 
niiramidates can exist only lor a few seconds ; and tho ethereal soln. of nitramide 
and an alcoholic soln. of ammonia furnish ammonium ntiramidale which begins to 
give oQ gas immediately. J. Thiele and A. Lachman found mercuric nitramidatet 
ilgN.N02, to be a htile more stable. J. Thiele considered mtramidc Lo be the true 
amide of nitric acid, and explained the formation of salts by the assumption that 
nitramide passes into the tautomeric imtdonUrous aviJ, HN : NO.OH ; on the 
other hand, A. Hantzsch did not accept the amide theory, but rngardud nitramide 
as an acid syadiazobydratc, in contradistmetion to the isoiucnc hypouitrous acid 
(;.v.) was considcied to be aiUidiazohydiate. 

HO.N HO.N 

HO.N N.OH 

NltramldB, llyponllTDus ui Id. 

The phosphorus nitride of the early workers— H. and F. Wohler and 

J. vonLiebig— was probably phosphorus imidonitride. PN 2 II, or N I P : NH, some- 
times called phospham. It was made by F. Wohler and J. von Liebig, 0. Gcrhardt, 
and H. Davy by heating phosphorus pentachlorido in ammonia ; and by H. Bose, 
by the action of ammonia on phosphorus pentachlorido, trichloride, or tribromide : 
5PCl5-fSNU3^4PN2H-J-17H01+3H-HF. A. Besson made it by slowly heating 
phosphorus ootamminopentachloride to 200°, and then finishing at 260°-300°; 
W. Couldridge, by the action of ammonia on phosphorus trinitrilohexachlorido, 
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F8N8ClQ+3Nn8=!P8N8(NH)34 ^HCl ; and R. Vidal, as a 90 per cent, yield, by hea&g 
B miztw of phosphorus pentasulphide and ammonium chloride. Fhospham is a 
white, pulverdent solid. The analyses of C. Gcrhardt, H. Rose, F. Wohler and 
J. von Liebig, and A. Besson agree with the formula FNsH ; but the phospham 
prepared by A. Fauli, by the action of ammonium chloride on phosphorus penta- 
Bulphide or pentachloride, was probably impure ; and the same remark applies 
to that prepared by M. Salzmann, by the action of ammonia on phosphorus penta- 
chloride. Phospham can be regarded os a nitrile of phosphoric acid, H8FO4, formed 
by the abstraction of the equivalent of four mols of water from a mol of diammomum 
hydrogen phosphate, (NH40)2FO.OH ; phosphoryl nitrile, FON, may be regarded 
as derived from ammonium dihydrogen phosphate, (NIl40)P0(0H)2, by the 
abstraction of three mols of water ; and a third nitrile wo^d be formed by the 
abstraction of four mols of water from normal ammonium phosphate, (Nl^OjsFO. 
This would famish PNsH^i a compound which has not yet been reported. 
D. I. Mendel 6 eff regards phospham as a polymerido of FN2n, analogous with 
hydrazoic acid or azoimide, Nall, in agreement with the fact that both phosphorus 
and its compounds show a greater tendency to polymerization than nitrogen and 
its compounds. According to A. W. Hofmann, the non-volatility of phospham 
shows that it is a polymeiide, probably FsNstNUls, and this is in agreement with 
W. Conldridge's work-Hnis supra. 

A. Besson found that the amide gives oil ammonia when heated, and at a red- 
heat in vacuo, or in a stream of nitrogen, it forms phosphonis. Fhospham, accord- 
ing to n. Rose, docs not melt or volatilize, in a closed vessel protected from air, at 
a dull red-hcat, but when heated in atr, it forms white clouds of phnsplinrus pent- 
oxide, and oxidizes slowly without inflammation. When heated in hfjdTogen it forms 
phosphorus and ammonia. C. Gerhardt heated phospham moistened with water, 
and found that it decomposes : FN2H4 3H20=HP03-| 2Nn3. H. Rose observed 
that it is not decomposed by dry chhrim, or dry hydrogen chloride ; il moisture ))e 
present, ammonium chloride is formed. It is not dissolved or decomposed by dil. 
hydrochloric acid, F. Wohler and J. von Liebig said that a mixture of phospham 
and potassium chhrale detonates when heated giving off cldorine. II. Rose observed 
that it is not decomposed in contact with molten or disliUmg sulphur. At a red- 
hcat, dry hydrogen sulphide decomposes phos])ham, forming white clouds which 
condense to a white or yellowish-white powder. 

This powder takes fire in air at a summer’s heat, ond bums vith a white flaxnn to form 
phosphorio acid ; it is violently oxidized and dissolved by nitno acid, fonmiig sulphuric 
and phosphoric acids ; it inflames in the vapours uf nitrogen peroxido ; it has no odour 
when freshly prepared, hut after exposure to air, it acr]uir('S the bmoll of hydmgon sulphide ; 
it foims a turbid soln. when treated with water, which deposits sulphur and smells of 
hydrogen sulphide ; it evolves ammonia when treated with alkali lyo ; and it is dissolved 
by hot slkali-lye but not by aq ommoma or liydroehloric acid. The product is probably 
a mixture of phosphorus sulpliide, and ammomum salts. 

Retuming to phospham, H. Rose found that it is not dissolved 01 decomposed 
by dil. sulphuric add, but it is dissolved by the cone, acid giving oC sulphur dioxide 
and forming phosphoric acid, Fhospham is not decomposed by dry ammonia. 
It is scarcely afiected by dil. niiruc acid, but the cone, acid slowly oxidizes it to 
phosphoric acid ; and, added A. Fanli, it is not dissolved by fuming nitric acid. 
H. Rose found that a mixture of phospham and a nitraU detonates when heated. 
Fhospham is not decomposed by dry carbon dioxide, and when healed with alkali 
carhoiudes it gives oS carbon dioxide and ammonia, forming alkali phosphates 
— ^R. Vidal said that at a red-heat, cyanates are formed: FN2H+2M2CO8 
=M2HF04+2M0CN; and with oxaMes: FN2H+M2C204=MallF04+02N2. 
The vapour of methyl or ethyl dcohol at l& 0 ^- 206 ° forms a phosphate of the 
primary amine : PN2H+4R0H=F04H(NH2R2)2 or F04n(NH2R2)2=R0n 
+B(NH8)P0ii+NHR2 ; propyl ahohd gives propylamine and propyl oxide; 
phenol, ^phenyl amine; glycol at 210 ° reacts: 2C2H4(OH)2H-FN2ir- (NH4)2lIP04 
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H-2C2H2; formie acid at 160 ®- 200 “ reacts: FN2H4'2HCOOH»H3 POa+ 2HCN ; 
with the homologous faUy acids : Pl!T2H+2RC0OH=H3F04+2BCN ; and dioxy- 
compounds give diphenyWine derivatives. H. Rose found that phospham is decom- 
posed by fused jmtassiufn hydrtmde frequently with incandescence, forming mtrogen, 
hydrogen, ammonia, and alkali phosphate. Fused barium hydroxide acts similarly. 
Boiling sdkali-lye does not decompose or dissolve phospham. F. Wohler and 
J. von Liebig found that mercuric ocide decomposes phospham with incandescence, 
forming mercuric phosphate; cupric oxide acts similarly. F. W. Dafert and 
A. Uhl heated phospham with various oxidizing agenta— (ormm dioxide, lead 
chromate, lead dioxide, mamganese dioxide, potassium pmnangafuUe, cupric oxide, 
etc. — and found that siker oxide gave the most uniform results and also acted at a 
comparatively low temp. In these circumstances, exactly one-half of the nitj og m 
contained in phospham is eliminated in the form of nitrogen compounds, whilst 
the other half is evolved in the elementary condition. This is probably accounted 
for by the diilerence in the mode of linking of the nitrogen atoms in the phospham 
mol., N ; f : NH. Phospham is not grealdy changed in the soil, and cannot serve 
DS a source of nitrogen or phosphorus for plants. 

The observations of G. Perpdrot^^ indicate that when the ammine PCI3.6NH3 
is heated, ammonium chloride and phosphorus triamide, P(Nll2)3, aio formed ; 
iind with the ammine, PCl5,10NH3, phosphorus pentamidei P(NH2)5. H, Per- 
perot represented the reaction with the phosphorus amminochlondes ; PC 1 „ 
-f2nNH8->PCl,i.2nNll3->P(NH2),iH-»NH4Cl. According to 0 . Hugot, liquid 
ammonia reacts with phosphorus tribromido a little below — 70 ^*, fonmng 
phosphorus amidei P(NH2)3, thus: PBr 8 + 15 NHa= 3 NH 4 (Nll 3 ) 3 Br+P(NH 2 ) 3 ; 
most of the ammonium bromide can be removed by rapidly washing with 
liquid ammonia. If phosphorus triiodide be employed at about ^ 65 ^, the 
umidc, being soluble in the ammonium triamminoiodide, cannot be isolated. 
The yellow, amorphous amide is insoluble in a soln. of ammonium triam- 
ininobromide, but is soluble in the triamminoiodide; it slowly decom)»osea 
at 0“ into brown phosphorus imido, P2(NH)s, thus, 2P(OT2)3— SNHa-f P2(NH)3. 
J. A. Joannis obtained the imide by kce]nng the imidoamidc between O'" and 100°* 
for a few hours : 2NUrNH2'-NH3-f PalNHls* U. Ilngot observed that the soln. 
of the amide in ammonium triamminoiodide at — 05 ° slowly deposits the imide. 
The brown imide slowly decomposes when heated; and this occurs rapidly in 
vacuo at 250 °-^ 00 °, forming a red substance which docs not decompose completely 
into mlTogen and phosiihorus at a red-heat. The imide is insoluble in a sola, of 
ammonium triamminoiodide. According to R. Schenck, and A. Stock, phosphoms 
imidoamide, H2N.P : NH, is probably formed as a by-product in the action of 
liquid ammonia on ordinary phosphorus, Tcllow phosphorus, purified by distilla- 
tion in a current of steam, is treated with liquid ammonia, gives ofi some hydrogen, 
and is converted into red phosphorus and small quantities of a hydride ; an amide, 
imide, or probably phosphorus imidoamidc, NH2.P : NH, is formed at the same 
time. The hydride is said to unite with ammonia, forming a black mass which 
has the composition (NH4)P4H ; and the reaction is accordmgly symbolized : 
14 P+ 7 NHs*= 3 P 4 H(NH 4 )+ 2 NH 2 PNn. J. A. Joannis made it by passing dry 
hydrogen and phosphorus chloride vapour at liquid ammonia at — 76 °. The 
constancy of the proporiiniis of imide : amide made ib appear os if there was a 
complex formed, and at — 23 °, the reaetion is represented: PCI3-I-IINH2 
—3NH4(NH3)3CI+NH2.P : NIL It decomposes into the imido between 0 ° and 
100 °. Both the amide and imide have been used in the manufactuio of mcandescent 
lamp filaments by the Zirkon Oliihlampenwcike, 

By treating arsenic trichloride with ammonia, J. Persoz obtained what he 
regarded as ^Cl2.3NH3 ; H. Rose, 2AsCl3.7NH8 ; and A. Besson, ASCI3.4NH3. 
The product is a pale yellow or white powder which, according to U. Rose, dissolves 
gradually in water with the evolution of heat, the loss of ammonia, and the formation 
of ammonium chloride ; only a portion of the ammonia in the soln, is precipitated 
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hj LydrocUoroplatmio acid. According to L. Pasteur, when heated, the product 
evolves ammonia, a portion then sublimes unchanged, and lastly, a sublimate of 
ammonium chloride is produced. When the soln. in cold water is evaporated, a 
substance, AS4N2CI2H10O7, remains. I'his is probably a mixture of aimnoniuni 
chloride, etc. Hot water decomposes the amininnchloride into arsenic tiioxide, 
ammonia, and ammonium chloride. According to J. von Liebig and F. Wohler, 
the soln. formed with boiling alcohol depuhits cubic crystals during the cooling. 
Sulphuric acid extracts ammonia from the amminochlorido, and gives oil arsenic 
trichloride. L. Pasteur found that ammonia oonverts the compound into ammonium 
arsenite. L. Pasteur regarded the product of the action of ammonia on arsenic 
trichloride as a mixture of ammonia, ammonium chloride, and arsenic chlofoimide, 
2Aa(NH)Cl+4NI]4Cl+NHs. Accor^ng to C, Hugot, the product of the action 
uf arsenic trichloride and ammonia is always a mixture of ammonium chloride and 
arsenic amidei As(NiT2)3. He also found that between — 30 '^ and — 40 ^ ammonia 
reacts with arsenious chloride, bromide, or iodide, forming arsenic amide together 
with the corresponding ammonium halide: AsCl3+6Nll3=3NH4Cl+As(NH2)8. 
Arsouamide is a greyish-white powder, insoluble in liquid aminnuia, and stable 
below 0°, if kept out of contact with moist aii ; above O'*, it decomposes into 
arsenic imide. A82(NUj3, and ammonia: 2 Ab(NHo) 3= 3NH3-}-As2(NH)3. The 
decomposition is complete at 60 ^, and the resulting imide is a stable yellow powder 
not decomposed in vacuo at lOO'", but at 250 °, it forms arsenic nitridcj AsN, and 
ammonia: Ab 2(NH)3 NIi34‘2ABN, an urange-reil powder which, on further heat- 
ing, decomposes into arsenic and nitrogen. Water decomposes both the amide and 
the imide into ammonia and arsenic trioxide. According to A. Lesson and ( r. llosscfc, 
when arsenic tetramminotrirhloride, prepared at - 20°, is treated with liquid 
ammonia, it loses its colour, and remains colourless when the excess of ammonia 
is driven ofi. When extracted with liquid ammonia, ammonium chloride is removed 
and a white, insoluble residue obtained, the composition of which agrees with that 
of the imide, Ab 2(NH)3. Ilenco liquid ammonia acts chemically on the tetrammine, 
and not merely as a solvent. Arsenic trichloride also reacts with AbC 13,4NH3, 
giving rise to ammonium chloride and a substance or mixture of subbtances, the 
composition of which is indicated approximately by the formula AS4CI5N2H4. 
E. C. Franklin found that when soln. of antimony iodide and potassiuiu amide in 
liquid ammonia are mixed, an impure antimony nitride is formed. A. C. Youinazos 
prepared a scries of bismuth amines by direct combiualion of a ten^alent bismuth 
salt with an inorganic or organic ammonium salt, with sails of primary or secondary 
amines, cither aromatic or aliphatic, and with salts of primary hydrazines. Halides 
of bismuth yield the most characteristic compounds, but they are also given by the 
trioxide, nitrate, and phosphate. Tlio bismuthammes are of two kinds, simple, 
in which the bismuth salt and the amine salt are derived from the same acid and 
mixed, in which derivatives of diflerent acids unite. As most bismuth salts are 
easily hydrolyzed, bismuthamines can only be prepared in organic solvents, and 
from these they separate in crystalline form. The synthesis is best carried out 
in glacial acetic acid, by adding the bismuth salt as a dry powder or in hot acetic 
acid soln. to a soln. of salt of the nitrogen compound also in hot acetic acid soln. 
The product is filtered ofi. Water or alcohol decomposes the amine ; and it is also 
decomposed by beating it to 400 °. Methylene nilratobimuthate, [Bi(N08}4]NH3(CH) ; 
and ammmium iodotrichlorobvimtithatef NH[BiCl8lJ, are examples. The com- 
pounds do not give the ordinary reactions of bismuth. 

F. W. Bergstrom obtained potassiam manganese diamminoamide, 
Mn(NHE)2.2NH3, in light yellow needles, by the action of manganese on a soln. of 
potassinm in liquid ammonia, or better by pouring a soln. of manganese thiocyanate 
into an excess of a sobi. of potassiam amide, all in liquid ammonia. The dianunino- 
amide decomposes in vacuo above 100 °- 120 °. By adding potassinm amide to a 
soln. of manganese thiocyanate in liquid ammonia, light yellow manganese amide« 
Mn(NH2)2, contaminated with some potassium, was formed. It decomposes in 
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muo at 140^-175'’. Aocoiding to Q. S. Bohait, a Boln. of mokel thiocyanate in 
liquid ammonia gives a precipitate of nickelamide when treated with an eq. amount 
of pniassamide soln. Nickd amidBi Ni(NH2)2> is a red, flocculerit mass which 
reacts mildly with water, producing nickel hydroxide and ammonia, When heated 
at 120^ in a vacuum, it yields nickel nitride, Ni2N2, a black, amorphous substance 
which reacts extreircily slowly (if at all) with water and dissolves slowly in mineral 
acids. At 120^, it is decomposed into its constituents. Nickelamide dissolves in 
an excess of potassamide soln., producing a deep rod soln., which deposits a red, 
crystalline substance, nickd hexaimninopotassaniidey or ammonio-potassium 
nickelamide, Ni2NsE5.6NHa. It reacts violently with water. Ammonium 
chromium thiocyanate, NH4Cr(SCN)4.2NH3, iu liquid ammonia soln., forms at least 
four different compounds when treated with potassamide. These compounds are, 
lespoctively, wine-rod, salmon-pink, and purple llocculent precipitates, and a 
winc-ied, crystaUine substance. Their composition has not been determined, 
Potassium nickel cyanide, 2KCN,Ni(CN)2, yields three distinct compounds when 
treated with a soln. of potassamide in liquid ammonia. (1) With excess of the salt, 
a biowiush-red, slightly soluble, crystaUine substance u obtained, which has the 
foimula Ni3N2ll2E4(CN)0,8NH3 ; when these crystals arc kept at ordinary temp, 
and press., eight mols. of ammonia escape, and a straw-yellow powder, 
Ni3N2H2E4(CN)0, remains. (2) With eq. amounts of salt and amnion o-base, a 
lemon-yellow, curdy precipitate is formed ; this, when washed with liquid ammonia, 
crumbles to a heavy powder, having the composition K(CN)2Ni.NHK. (3) With 
n, larg[* excess of pottiabaniide, a deep red soln. is produced, which after twelve hours, 
dei)i)sila deep red crystals of the compound Ni3NjiH22K7(CN)2. 

F. W. Bergstrom obtained cobaltous dXOiiB, Co(NH2)2« by the action of 
cobultouH thiocyanate on potassamirlc in liquid amnaonia. I'he compound loses 
ammonia at 120°, forming cobaltous mtridc. In 1898, A. Wemer and A. Baselli 
discovered a complex series of cobalt amniincs containing an imido-group, the 
oobaltic imidoctainmmes. G. Vortmann prepared what he called the fusco-itaUs by 
the oxidation of ainnioniiical soln. of cobalt nitrate ; and analogous salts were made 
by S. M. 3orgeni-pn, and E. Fr6my. A. Werner and F. Beddow showed that 
Q. Vortmaim's salt is really a mixture of dicobsltic oxodiimidoct a]nminDsulphatc,and 
dicobaltic hydrosulphatoimidoctammiuosulphate. They prepared 0. Vortniann’s 
fuBCOsulphate as follows: 

Cotiolt nitrate (]f>0 grams) dissolved in water (60 grams) is mixed witli ammonin (600 
grama), iiio soln. gradiially lieaiod to boiling and at onro liltored ; thn liltrate is iivided 
mto JO parts, which are [ilarsd m tlasks and treated with a slow cunont of air as «ong os 
eobalt Dxynitiafo is prk*cijiitaied ; the dark brown soln. is aUowed to remain 12 hours, 
and tlion tilt mod and Hoiihlied with dil. aulphuiic aeid. After a fow houni, the precipitate 
oi fuficu-sulphato and Hquopontommine sulphate is separated by filtration and wojbhod 
with watm imtil all tbe aquopontommine sulphato is removod. 200 grams of cobalt 
mtrato yield 7-7'6 giams of fusoo sulpliato. The yiold, liowever, vanes considerably in 
each expoiimont. 

A. Womei and A. Baselli, and A. Wemer and h\ Beddow mode cobalUc Imidoct- 
ammlnotetranltrate, Co|(NU)(NH,)B(N0a)4H«0 ; oobaltlo Imidoetammlnodisulpluito 
Co.(Nli )(NH,),(S() 4 )a. 3 H , 0 ; cobalUc imldootammliiotetraehlorlde, Coi(KH)(N U.)8Ul4 6 H , 0 ; 
and CQliaUtc Imldoetamminotelrabromlde, ro,(NH)(NUa)aUr4.6HaO I'lmy also mode di- 
hydrated and hexahydrated CobalUo oxoblslmldoblsoctammlnoctonltrDte, 0 {CO|(N’H)(NHt)H}| 

t>|)i ; Dobaltlo oxoblsimldoUsoctomiiilnotetrasDlpliate, OfUosfNiljlNH,)^} j(St) 6H |0 ; 
cobaltio oxobJsimldobisootammliioctoeUorJde, 0{Coi(NH)(NH,),}|Cl,.6£laU; ami cobaUlo 
oxoblsimidoctammlnoetAbromidB, 0 {Coa(NH)(NH,)a}|Br,.dH| 0 . They also propared the 
Borios oobaltlo hydronltrltolmldoctaminlnotetranltrate, {Co|(NH)(NH,)A(nN0a]}(N0a)4H|0; 
oobaltlo bydronltrltolmidoctammlnodlsulphate, {0oi(NH)(Nn,)4(llN04)}(S04)|.H|O ; and 
oobaltlo hydronitrltolmldootammlnotetrachlorlde, {Co|[NK)(KH,)4(HNOa)}Cl4.11 gO. A. Wemer, 
l'\ Uteinitzer, and K. Ruokor prepaid oobaltlo BUlphatolmldoctainiiilnodliiitrate, 
(aii|(NH)(Nng),(S 0 «)}(N 0 a)|. 3 H| 0 ; and oobaltlo BUlptaatoimldoetammlnodlohlorlde, 
|CO|(NH)(NhJ 4(S04)}G1,.3H|0. A. Wemer and A. Baselli obtained the series oobBltle 
hydrofiulphatolinldoetaiiiiiilnotrinltrBte, (CO|(NH)(N11 b)i(I1S04)}(N0|)s ; eobaltio hydroBUl- 
phatolmidoctammliiDhydrodlaiilpliate, {Cog(NH)(NHB)i(H604)}[S04),H.Il|0 ; cobaltto 
hydrosulphatolmldootammmotrieUDrid {Co|(NH)(NH|)|(HS04)}Clg.2HgO; oobaltlo hydro- 
BiUidiatoliiUdOfl tammlnDdlshlft Tnnltrato^ {Co(NH)[NH|)i(HSO«)}Cl|(NO|) ; Mbaltio bydro- 

VUL, Viu. T 
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BUlphAtoliiUdoetBmmlii^ (Coi(NH)(KH|)B(HS 04 ]}Br|.H, 0 ; And oobalHa 

taydraolphAtoifflldDotmmbi^ {Uo|(NH)(NH|)4(im04)}T,, A. Wemor and 

F. Steinitzer, euid A. Womor and A. Myliiu prepaid a senra of Balls whose ezistenoa 
hod been previously oqtablisliod by F. RoBe» and Q. Vorlmonn, and which have been 
ooUed mehno-aaUa : oobaltle InUdoheiammlliotetnuiitrate, NH{Co(NH,)|(N04)|)|.4H,0, or 
[NH{CO(NH,),(11,0)|),|(NO.)4; eobalUe ImldDliBxammlnotetraoUoride, 

HCl; oobaltlo Imldohexamminotetrabromide, NH{Co(NH,),Hr4}, ; and oobaltiD fmldohBX- 
ammlnotetniodidB, N11 {Cd[NH 4),14}|. A. Wemer, F. Stemitzer, and K. Rucker proparod 
Bobaltic ozolmldohexaimiiinotrlnltrate, [Go,(Ot)(NH)(NH|]B(U|0)|][NU,]a or Cng(Ot)(NU)- 
(NH,)a(NO|)|.2[IaO ; and eobaitto Dzoimidohexammlnohydrotriohloride, Co|(Oa)(NH)- 
(NR,),CU HC]. a Wenior and F. Steinitzer made eobaltio hydronltrltolmidohexammino- 
tetra^orldBj (C0|(I^)(NH3)|(irNO|))Cl4 H,0. A. Womor, F. Stoioitzor, andK. Rucker pro- 
parod eobaltio nltratolmidotrloquohexamiDinotrinltrates [Co|(Nli)(NH4)|(II,0)3(NOa)l(N()B)a; 
and eobaltio lUtntoimldotrladUDhBXBiiiiiilflotrieUorl^^^ [Coi(NU)(MnB)|(iJ |0)i(N0|)]U],. 
They also proparod the Bories cobaltlB diozotriimldodecamminoDltrate, Co4(C),)|(NlJ)v 
(Nil3)ip(NO|)|.6H|l) ; eobaltio diozotriimldodeGAiniiilnoetochloride, GoptOililNlllilNUOitClp. 
2H|0 ; and oobaltio diozotrilmldodecamminoGtobromldB, Co4(0|)4(Nll)3(NU,)iBBr|.H|0. 
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§ 22. AnalogiM betveen Uguid Ammonia and Wain 

In ilB general rhotniral and physioid properties, aramonm ah own a btriking raemblanoe 
to waior — C. Fuankltn. 

£. C. Franklin and co-workera have emphasized and developed many striking 
analogies between water and liquid ammonia. Among the well-known solvents, 
water is characterized by its high boiling point, high spncilic heat, high heat of 
vaporization, and fusion, high critical temp, and press., high association factor, 
and low boiling constant ; by its power of uniting with salts as water of crystalliza- 
tion ; and, excepting hydrogen cyanide, it is the most powerful ionizing solvent 
known— and soln. of salts are good conductors of electricity. Ammonia comes 
next to water in those qualities which give to the latter its unique position among 
solvents ; its boiling point is perhaps low, bnt it is high in comparison with liquid 
methane, ethylene, hydrogen sulphide, phosphine, hydrogen chloride, etc. The 
specific heat of the liquid and the heat of fusion of the solid are greater than those 
of water; its heat of vaporization, and its critical temp, and press., are high. 
Ammonia is an associated hquid, and its boiling constant ( 3 ’ 4 ) is the lowest of any 
known liquid. It rivals water in its power to unite with salts as ammonia of crystal- 
lization ; and as a solvent it is scarcely inferior to water, it can readily dissolve 
some salts whicharebut slightly aficcted by water— silver iodide, for instance— and 
its solvent action on organic compounds exceeds that of water. Ammonia is also 
an ionizing solvent, indeed, dil. ammonia soln. are even better conductors than 
dil. aq. soln 

Solve)!/ action, — A great number of organic and inorganic compounds dissolve 
in ammonia — e g, nitrates, nitrites, cyanides, etc. — vide supra. The solubility of 
the halogen salts in ammonia decreases with increasing at. wt. of the halogen so that 
the iodides are usually easily soluble, while the bromides and chlorides are bnt 
sparingly soluble, and the fluorides almost insoluble ; tbc sulphales, sulphites, and 
carbonates, phosiihatos, arsenates, and oxalates, and the hydroxides of the alkalies 
and alkaline earths are usually sparingly soluble in liquid ammonia, while most are 
fairly soluble in water. The alkaline earth sulphides and chlorides are precipitated 
in liquid ammonia. The facility with which ammonia dissolves many organic 
compounds recalls the piopcrties of alcohol rather than water. Determinations 
of the lowering of the f.p. and the raising of the b.p. of soln. in ammonia show that 
compounds have a great tendency to associate or to unite with the solvent. 

Cheniical reactums in liquid ofwmom'a.— Ecactioiis involving double decom- 
position takes place in hquid ammonia like they do in walcr ; the reactions are of 
course modified by the diflorcnce in the solubilities of the reacting components 
in the two solvents so that icactious may take place in the one which do not occur 
in the other ; or the direction of the reaction may be reversed. Thus, sulphides 
of the alkaline earths separate as white precipitates when soln. of the salts in liquid 
ammonia are treated with ammonium sulphide ; and calcium chloride is precipi- 
tated on mixing soln. of sodium chloride and calcium nitrate in liquid ammonia. 
Reactions between acids and bases are limited by the insolubility of the metallic 
oxides and hydroxides. Many acids in the form of their ammonium salts dissolve 
in liquid ammonia and as such exhibit acid properties ; (a) they discharge the rod 
colour of plicnolphthalein produced by the addition of a small quantity of liquid 
ammonia ; (b) they dissolve metals like potassium, sodium, calcium, and magnesium 
with the evolution of hydrogen : 2M-|-'2I^X=2MX+2NH3-fH2 ; and (r) many 
oxides and basic salts insoluble in ammonia dissolve in soln. of ammonium salts in 
liquid ammonia, e.y., sodinm and potassinm hydroxides, and the oxides of calcium, 
copper, lead, magnesium, mercury, cadmium, and zinc are solnble in a soln. of 
ammonium nitrate in liquid ammonia, in a manner analogous to the soln. of the 
insoluble bases in aq. sob. of the acids: NaOH+NH^S -NaCl-|-H20+NH3; 
Ca0+2NI]i4N0g=Ca(N03)2+H20+2NE2. Even m aq. sob. the acid properties 
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of the ammoninm Balts are Bometimea in evidence, witness the soln. of magnesium 
and mercury hydroxides in soln. of the ammonium salts. 

HydrateB and ammonia^.— Judging from records of salts with water of crystal- 
lization and also with ammonia of crystallization, ammonia, in its tendency to 
unite with other compounds, probably exceeds water. Just as a salt may unite 
with water to form a hydrate, so can salts combine with ammonia to form 
ammoniatos, or ammines, e.y. cupric and mercuric chlorides form respectively 
CuCl3.2Nn3 and HgCl2.2NH8, etc. 

Hydrolysis atid ammemolysis. — ^The hydrolysis of salts has previously been 
desenbed. Bismuth chloride hydrolyzes in a series of stages which can bo 
symbolized : 


The coireBponding action with liquid ammonia as solvent ie toimed anunonulyeie. 

E.g.i 


tr -Cl IT 

Hg . 


NH 

ca 




Nil 

NH 


•-»Hg--Nn 

K 


When aij. ammonia acts upon mercurous chloride the latter is oxidized to white 
amidomcrcuric chloride, H2N.ngCl, and metallic mercury. In symbols : 


J^+1IH^H,+H8<°„+HCI 


The jet black colour is produced by the admixture of the finely dividpd mercury 
with the white precipitate. With aq. ammonia both hydrolysis and ammouolysis 
may occur, thus, with mercuric chloride : 


Hg 


, a , H— OH „ .OH 
'NU 


+2110 


The so-callrd Millon’s base, (Hg01I)2Nll20H, is formed as a yellow precipitate when 
mercuric oxide is boiled with aq. ammonia : 2Hg0H-NH40H^ '(Hg01I)2NIl2011 ; 
and the precipitate formed when Nessler’s reagent reacts with an ammonium salt 
is to be regarded as an iodide of Millon’a base— mercuric ammonohydroxyiodide, 
thatisdimcrcurihydroxyammoniumiodide,HO— Hg—NlI- Hg— 1. The following 
are typical ammonolyiic reactions : 

SiCl4+8NH3r-'-Si(NHa)|+4NH40I ; 3TpCJ4+16HH,i:iTe4N4+12NH4Cl 
BCl,-f-6NH8c-‘B(NH 2)44 3 Nll 4 ( i ; r)NHa^P(NH)NlIa+ 3 NH 4 Cl 

Just as some hydrolytic reactions proceed to compleiion, others are levcisible, so 
with ammonolytic reactions, some proceed energetically to the end, while others 
are balanced against a counter-reaction, e.y. lI|^]2-|~2NIl3^NH2}lgCl-)-NH4Gl ; 
and 2Hgl2-f-4NH3^HgNHgl+3NH4L The foUowing reactions which proceed 
in aq. soln. resemble the corresponding reactions in liquid ammonia : 

2AgN0|-H 2K0H^Ag40-l-2KH0a+H20 ; AgNO,+KNH.;FiAgNHa+KN04 

Hga,+2KOH?^HgO-t-2Ka+HaO ; 3HgI,-|-BKNHj^Hg,Na+6KI+4NHj 

2Bia4+6K0H^Bij0.-|-6KCl+3fl,0 ; BiBr,H-3KNHa^BiN-|-3KBr-l-2NH4 

Just as with potassiiun hydroxide in aqueous solutions, sometimes the hydroxide 
and sometimes the oxide is formed, so in ammonia solutions, potassium amide 
furnishes the amide, the imide, or the luLrido. 

Acids, bases, and salts, — To distinguish between the ordinary oxygen salts, 
acids, and bases and those compounds which bear an analogous relation to ammonia, 
E. C. Franklin applies the term hydro-salts, hydro-acids, and hydro-bases to those 
compounds which are related to water, like the ammmo-seiis^ ammono-acids, and 
ammono-hases are related to the ooirosponding ammonia derivative. The terms 
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ajuo-acids, and aquo-iastta are similarlj applied — e.g. potacwinm nitrate 
is an aqno-ealt ; potassium hydroxide or calcium is an aquo-h^o ; and acetic add 
is an aquo-acid, while potassium acetamide, CH^.CO.NUK, or CIT3.CO.NK2, is an 
ammono-salb ; sodium amide is an ammoiiO'baae ; and acetamide, CJI3.CO.NH2t 
is an aminouo-add. 

Ammrao^ds.— These are represented by the acid amides, acid imides, and 
acid nitrides. They arc soluble in liquid ammonia, and tlicir solutions discharge 
tlie colour of alkaline soln. of phcnolphthalcin ; they usually conduct the electric 
current, and react with the ammono-boses to form ammono-salts. Representatives 
of the ammono-acids are numerous in organic chemistry, the aiiiidcs of sulx^huric 
and nitric acids are also well-known, and generally, the amides, imides, and nitrides 
of the non-mctallic elements. Jusb os the haingen derivatives of the strongly 
olectro-negativB elements — e.g, arsenic, phosphorus, boron, silicon, etc. — arc com- 
pletely hydrolyzed by water, so the same compounds in liquid ammonia are decom- 
posed, forming compounds which boar analogous relations to the solvent ammonia, 
os the hydrolj^ic products bear to water. E,g. AsCls+6NIl3^As(NIl2)3+3NH4Cl ; 
SiS 2 -f 4 NH 3 ^Si(Nn) 2 -f 2 Nir 4 HS; clc. 

Ammono-bases. — This class of compounds is represented by the metal amides, 
imides, and nitrides,. Just as the hydroxides of the alkali metals are easily soluble 
in water, so arc the amides of the alkali metals readily soluble in liquid ammonia. 
The solubility of potassamidc in liquid anunonia enabled £. C. Franklin to prepare 
a number of insoluble metal derivatives by bringing togetlier pulassamidc and the 
metal palls in ammonia soln. Thus, potassamide reacts witli silver nitrate, forming 
silver amide: AgN03+KNH2?^AgNll2+KN03 ; with lead nitrate or iodide, 
lead imide is formed : rb(N03)2-f2KNIf2?r^rbNlI“f 2KN(),+Nir3 ; and with bis- 
muth iodide, to form hisimith nitride, Bil3-f-3KNIl2-- RiX-j 3 K 1 -] 2NH3. These 
bases arc insoluble in ammonia, but readily dissolve in ammoniu solutions of the am- 
monium salts ; and they are decomposed by water witli the evolution of ammonia. 

Ammono-salts. — ^The acid and metel amides are related to ammonia much as 
the ordinary acids and bases are related to water. The acid amides discharge the 
colour from an alkaline soln, of plienolphtlialidn in liquid ammonia, while the 
soluble metal amides give the eharactmstic colour with the same iiidicalor, and 
they react with one another in soln. in liquid ammonia, forming metal derivatives 
of the acid amides in a manner analogous with the interaction of acids and bases in 
aq. soln., forming a class of compounds related to ammonia as ordinary salts are 
related to water. The metal and acid amides neutralize one another and phenol- 
pLthalein can be used as indicator. Thus, with acetic acid, CH3COOIT, and potas- 
sium hydroxide in aq. soln. : CIl3COOII+KOIl^*UH3COOK-t-If20 ; and aceta- 
mide, ClLjCONH^, and potassamide, KNH2, in soln. in liquid ammonia, react ; 
KNII24 CH3CONHa^CJl3CONHK-t-Nll3. Certain heavy metals amides form 
ammono-hases and ammono-basic salts by TPadiniis analogous to the formation 
of insoluble bases and salts from aq. soln. Oiddes and hydmxiiles of some metals 
are soluble in an excess of a strong base like potassium hydroxide to form a class 
of salts typified by potassium zincate : 2 KOI 1-4 Zn-^Zn(OK)2+H2 ; and certain 
metal amides — e.g. the amides of nickel, cadmium, silver, aluminium, copper, lead, 
etc. — are soluble in the amides of more basic elements — e.g. potassium amide — to 
form analogous ammono-salts. For instance, zinc amide or zinc iodide is acted 
upon by liquid ammonia solution of potassium amide in an analogous manuer : 
2KNH2-f Zn->Zn(NHK)2‘l H21 and the potasaiuni ammno-zinccUe takes up 
amuiouia of crystallization, forming well-defined crystals. Similarly, the reaction : 
SnT44 4KOH^'Sn(OH)4-f 4 KI can be contrasted with Snl4-| 4RNIl2^Su(NU2)4 
-I- 4 KI, and the reaction: Sn(0H)4-|-4E0H^Rn(0K)4-f4H20, can be contrasted 
with 8n(NH2)4+4ENH2^Sn(NHK)4+4NH3. The ammonia analogue of potas- 
sium stannate is thus jtoUutsiuin a 7 mnono- 8 tan 7 itae, Bn(NK)2.4NH3, or 
8n(NH2)4.2KNH2. The following is a selection of examples from E. C. Franldin’s 
list in which the hydro- and ammono-acids bases and salts are compared : 
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Water or OzTaEir Tm. Ammonia or Nitrooen Tttb. 


I. Aguo~acids and acid anhydrides. 

Anmono-aeids and acid nitrides. 

Nitric acid . 

a NO, OH 

NitramidR . • 

. NOtJTH, 

Sulphuric ooid • 

. SO, (OH), 

Sulphimide . 

. SO,(NH.), 

Oarbonio acid 

. GO(OH). 

Carbamide . . 

. CO(NU,), 

Ortlioailicio acid . 

. Si(OH), 

Silicon amide . 

. Ri(NH), 

Silicic anhydride ■ 

. 6iO| 

Silicon nitride ■ 

. Si.N. 

n. Aauo-basrs and basic omdes. 

AtnmonO'baacs and basio nitrides, 

Lithium hydroxide 

a LiOH 

Lithium amide a 

. LiNU, 

Lithium oxide 

. Li,0 

Lithium nitride . 

a Li,N 

Calcium hydroxide 

. Gb(OH), 

Calcium amide . 

. Ca(NB,|, 

Mercuric oxide ■ 

. HgO 

Morcurio nitride . 

■ Hg,N. 

Bismuth oxide . 

. Bi,0, 

Bismuth nitride t 

. BiN 


III. Aquo^tafiB. 

Pol asBium sulphate . SO|(OK)a 

Pol fuiaium acid sulphate SO|.OH.OfC 
Fotussimii carbonato . CO (OK), 
Potassiuin acid oorbon- 
alo. . CO.OII.OK 

FotasHium acetate . CH,.GOOK 

IV. Amphoteric hydroxidfB, tic. 

Zinr liydroxide . Z]i(OU), 

Silver hydroxide (T) . ArOTI 

Lead hydroxido . . Vb(OU), 

Tliallium hydroxide (T) TlOH 
PotasBiuiu staniiaLe . K,Sii0,.3H,0 

V, Aquo-boBto salts, 

Basio mercuric chloride xHgCl,yH20 
Basic load iodide . . a;PbI,yPbO 


Ammono-sallB, 

Dipotossiumsulphamide SO,(KHK), 
Monopotaasium sulpha- 
mide • 60,(NH2)NHK 

Dipotassium urea . CO(NnK), 
Monopotaasium urea . CO(NiJ|)NHE 
Potassium acsetomide . CH,.CO.NK, 

Amp?iotcrtc amides, unides, and nitrides. 
Zinc amide . . Zn(NHJ, 

Silver amide . . A^NIl, 

Lead imide • . PbNH 

Thallium nitrido . . T1|N 

Folaasium ammono- 

staunate . . K,Sn(NH),.3KH| 

Ammtmo-basic salts, 

Basic morouric chloride Bll,Hg01.Hg€l, 
Basic load iodide . FbNI.2NH, 


Io7iizatton of liquid ammonia and water solutions. — Solutions of certain salts 
in liquid ammonia aro good conductors of electricity so that liquid ammonia 
approaches water in its ionizing power. The effect, however, is largely due to the 
Ingh speed at which the ions are supposed to travel in the solvent. For example, 
E. U. Franklin and H. P. Cady i find that nnivalcnt ions travel, at — 33 ", nearly three 
tunes as fast as in aq, soln. at 18 °. Just as the solvent water, in the ionization 
theory of hydrolysis, is supposed to be ionized HgO— OH'+H', so in ammonolysis, 
the solvent ammonia is supposed to be ionized NH3“NH2+Tr. Sodanudo, NaNH2, 
furnishes sodiiun inns Na' and amide ions NH'2 when dissolved in liquid ammonia, 
and it is to be considered as a base. It reddens phcnolphthalein. The neutraliza- 
tion of this solution results in the union of H' ions with NH2 ions to form ammonia 
molecules, just as the neutralization of bases is regarded as an effect of theiimon 
of ir and OH' ions. Acetamide, CH3.CO.NH2, ionizes in liquid ammonia in an 
analogous manner : CIl3.CO.NH2r^CH3.CO.Njr+H', and it thus behaves as an 
acid. 
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S 88. Hydnnyluiiine 

Anuiioiiia is the end-product of the leduotion of nitrio oxide by hydrogen i 
2N0-|-5Il2->2H,0-f 2NDs ; the reduction, however, may take place in stages : 
NO^NHjOH-^NH,. When the conditions are favourable, the incompletely 
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reduced bteimediate compound may l^edommate among the products of the 
reduction* The compound, symbolized NH 2 OH, is called hydiOxylaiDilie* because 
it can be regarded as water with a hydrogen atom replaced by the amine-group, 
NHs. E. AVagner compared hydrozylamiue with hydrogen dioxide, where one 
HO-group is replaced by a NH 2 -group. Hydrogen dioxide is obtained by reducing 
oxygen; hydroxylamine, by reducing oxygen derivatives of nitrogen. Both 
compounds are unstable, one producing water and oxygen, the other ammouia and 
oxifhtion products. From the opposite point of view, hydroxylamine, together 
with iihydTQxyammonia^ NH(OH) 2 , can be regarded as intermediate compounds in 
the oxidation of ammonia ; 

NH, NH^OH NJI(OH), N(OH), 

Ammoaia. Hydrozylamtno. Dibydmxyiuiuiioultt. Oitliunllrijua acid. 

E. Divers and T. Rhimidzu belie\ed that in the reduction of dil. nitric acid by zinc, 
ammonia and hydroxylaniine arc not consecutive products, but are produced by 
parallel and independent reactions. They said that when once formed, hydroxyl- 
amine is not readily reduced to ammonia, and is therefore not necessarily an inter- 
mediate stage in the reduction to ammonia. They also showed tliai the presence 
of sulphuric acid favours the formation of hydroxylamine, but no explanation of 
this peculiar eilect has yet been made. By using a great excess of sulphuric acid 
they found, in accord with J. B. Einnear’s result, that nearly, if not all tlie Jiitrie 
acid unconverted to hydroxylamine is converted into ammonia. N. R, Dhar 
suggested that ammonia being more basic than hydroxylamine is more difficult 
to form in strongly acidic soln. In opposition to 0. von Dumreicher, E. Divers 
and T. llaga said that an acidified soln. of stannous eliloridc dr>es not reduce nitric 
oxide to amiiioma if no air (nitrogen peroxide) be present. Under thcsi* circuiii- 
stanccB only hydroxylamine is pr^uecd. The reduction does not occur at 100^*, 
the reduction is small at 90°, and as the temp, falls, the reaction becomes more 
and more pronounced. One of the old temis for hydroxylamine is oxyammoma. 
The second oxidation product, NH(OI{) 2 . has not been isolated ; but in a paper 
Veher das Uydrorylaminsj 1865, W. Lossen 1 announced the discovery of hydroxyl- 
amine among tlie reduction products of nitric acid or nitric oxide by nascent 
hydrogen; 2N0+3H2->2NH20H. W. Lossen’s discovery of hydroxyhimine 
not only threw much light on the nature of the reduction of nilric acid, but it also 
enriched chemistry with a substance which possessed interesting and useful pro- 
perties. Hydroxylamine has proved of great value in studying tlic structure n[ 
organic compounds ; it has been used in photograjihy ; as an antiseptic ; as a 
reducing agent in analytical and synthetic chemistry ; etc. 

The preparation ^ hydiozylamine salts.— 'Hydroxylamine is formed by the 
reducing action of imscent hydrogen on nitric oxide, nitric acid, nitrous acid, certain 
nitrates, or iiitro-bodies. For instance, W. Lossen passed a stream of nitric oxide 
through a soln. of tiu dissolving in hy^chloiic acid : 2 N 0 -|- 3 IT 2 = 2 NH 30 . The 
sola, will contain a compound of hydroxylamine and hydrogen chloride — hydroxyl- 
amine hydrochloride — and also tin chloride. The tin may bo precipitated by passing 
hydrogen sulphide tJirough the soln. The liquid is then filtered and evaporated to 
dryness. The residue is extracted with absolute alcohol, and, on evaporation, white 
crystals of hydroxylamine hydrochloride, NH 2 OH.HCI, are obtained. £. Ludwig 
and T. Hein, and E. Divers and T. Haga, and E. Divers and T. Shimidzu used a 
similar process. E. Fremy reduced nitrous acid and nitrates by tin and hot cane, 
hydrochloric acid; E. J. Maumeni, ammonium nitrate; J. Donath, podium 
nitrate ; and B. Lcngyel, potassium nitrate. W. Lossen obtained hydroxylaniine 
by the action of tin on nitric acid, andE, Divers showed that the presence of hydros 
chlonc or sulphuric acid favours the reaction. L. H. Milligan and G. K. Gillette 
studied the reduction of free nitric acid by stannous chloride, ferrous salts, and by 
titanous salts — wfra^ nitric acid. W. Lossen, and B. Lcngyel obtained the 
base by the action of tin and hydrochloric acid on ammonium, potassium, sodium, 
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or othyl nitrate ; E. Fr4my, and E. Divers and T. by the action of hydrogen 
sulphide, sulphur dioxide, and sulphides on nitric acid ; B. Divers and T. H^a, 
by treating ^ver nitrite suspended in water, or a mixloie of copper sulphate and 
potassium nitrite with hydrogen sulphide; or by treating silver or mercurous 
nitrite with sulphurous acid ; E. Divers and T. Haga, andK. Baschig, by reducing 
sodium nitrite with sulphites; A. lidofi, by reducing nitrites, say mercury or 
silver nitrate, with hyposulphurous acid ; E. Divers, E. Fr£my, and E. J. Maumen^, 
by reducing, say, sodium nitrite with so^um amalgam ; and A. Jouve, by reducing 
nitric acid with hydrogen in the presence of spongy platinum between 115** and 
120°. M. Coblens and J. K. Bernstein observed that hydroxylamine is formed 
when silver hyponitrite or a soln. of sodium nitrite is added drop by drop to an 
acid soln. of stannous chloride. 

C. F. Bohriiiger, and J. Tafel recommended making hydroxylamine by the 
electrolytic reduction of nitric or nitrous acid, or the corresponding salts, in a 
partilioned cell containing sulphuric acid with nitric acid in the cathode compart- 
ment, and amalgamated lead electrodes. E. P. Schoch and B. 11. Pritchett used 
as anode a lead pipe or rod about 1 inch in diameter instead of a graphite 
rod. The cathode compartment is fdled with a mixture of three vol. water 
to one vol. of hydrochloric acid (sp. gr. 1*20). The anode lii^uid is cooled 
by causing it to circulate continually through a lead pipe coil immersed in the 
freezing mixtures used to cool the cathode liquid. The current used is 50 amperes 
at 25 volts, and the nitric acid (sp. gr. 1*4) mixed with one vol. of water is run 
into the cathode compartment at the rate of 50 c.c, per hour, the addition beiiq; 
allowed to proceed for two and a half hours. The cathode liquid is concentrated 
in vacuo on a water-bath, and the hydroxylamine chloride freed from ammonium 
chloride by crystallization from alcohol ti. Ponzio and A. Pichetio recommended 
the following method of preparation : 

A convotiioui crll ronsifits of a gloss beaker, 8-6 rms. wide and 16 cms. high, tliD anode 
being n cylinder 4>7 cms, in iniurntU diaiuoter and about 110 sq. cins marea, moduul lead 
shent 1‘2 mni thick, and the cathode a similar cylinder, 7 cina. in diameter, about 100 sq. 
cma in nroo, luid with 30 lioles 0*6 cm. in diameter. An ordinary porous pot, 6*6 cms. wide 
inside iitid 3*6 mm. thick, served as diu])liragm, and the anoljio is composed ol 200 c.c. of 
Bulphiiiii' iii'id having a sp gr. of l'66.‘i at 16^, and thecatholyte of 160 o.c, of the sumo 
acid containing in soln. 10 g. of sodium nitrate A current of 6 amps, is maintained by 
inrons of a jiotentiai difforenoo of 3'7-3'6 volts between the uloctrodos, and tlio cell is kept 
iinmerhorl in cold water during tlio electrolysis. WliMi the nitrato ions complelely dis- 
aiqioar, this occupying 2-3 hrb., further quantities of 10 g. of sodium nitrate are added, 
n total amount of GO g. being einploynd. 'riio current eOicienry amounts to 20 22 par cent., 
and thu yield of liydroxylamino calculated on thn sodium nitrato, to 14’5-16 per cent, of 
tJiu thouretical. To isulato the hydroxy Inini no, tho neutralized cathodic liquid is heated 
to 70°-80'‘ with acetone, and after 12 hrs., the separated sodium sulphate ciystals are 
filteicd oil and washed with bonzone, with w'hich also the fillrato is extracted four times. 
The benzene soln. is shaken with 20 per rent, hydrochloric acid, the arid soln. being cone, 
to Bmall volume by boiling and then uvaporated to dryness on a water-bath. The hy ilroxyl- 
ainino h>drocl]lorido thus obtained is quite free irtjm ammonium salts and becomes per- 
fectly whito if crystallized once from one-half its weight of water. 

J. Tafel eircirolyzed a soln. of 0*4 gnn. of nitric acid and 20 c.c. of 50 per cent, 
sulphuric acid, using 10 sq. cms. of cathode surface and 2*4 amps, at 0°. Tho product 
of the reduction is largely dependent on the nature of tho metal used as electrode. 
Some results are indicated in Table XXVIL With platinum, no ammonia or 
hydroxylamine was formed, and with paUadium the reduction is extremely slow. 
The chief pioducts of the reduction ore hydroxylamine and ammonia. The largest 
proportion of the hydioxylaniine is formed when mercury is used os cathode, and 
the conversion of the nitric acid into this can be carried out almost quantitatively, 
With lead electrodes, about 40 per cent, of the nitric acid is couvorted into 
hydroxylamine, and with copper electrodes only about 16 per cent. ; if the 
oopper be in the form of a spongy mass, only about one per cent, of the acid is trans- 
formed into hydioxylaminei the remainder being reduced to ammonia. When 
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an amalgamate (lead, tin, or coppcrl cathode is used, the redaction takes place 
in the same waj as when a mercury cathode is employed. Hydroxylamine is not 
reduced when subjected to electrolysis between copper cleotrodes ; and the reduction 
of nitric acid does not, at least between copper electrodes, always go through the 
hydroxylaminc stage. 


Table XXVII.— The Et^bctbolytio Heduction of Nitrid Acid. 


Csthodr material 

I^ature of aurfaec. 

Tuns 

lun. 

Froducta ol xeductioa. 

h*] 1 , 0 ir 

NH, 

nuo, 

Gas. 

Lead « 


prepared 

2-5 

24-7 

C9-0 

0-8 

7-3 

Lead . 


eiiialgomatpd 

2 5 

69<7 

lB-9 

0-1 

9*2 

Tin 


polished 

30 

43-3 

40-4 

0-7 

7-3 

Cop|ier . 


polished 

2*5 

11-6 

7G-B 

trace 

7-1 

Copper • 


spongy 

2*5 

1-3 

93-0 

0-1 

3*4 

Silver . 


polisliod 

30 

22-3 

47 >2 

1-6 

19*7 


The amount of hydroxylamine produced is greater as the soln. of nitric acid is 
more dil. ; in order to obtain the largest proportion, a very dil. sola, of nitric acid 
should be used, and more added as the reduction proceeds. When the amount of 
sulphuric acid present falls below 40 per cent., the quantity of hydroxylamine 
formed docreases appreciably, but otherwise the cone, of the sulphuric acid exerts 
no influence on the reaction. In the production of hydroxylamine, the current 
yield is greatest for lead, slightly less for amalgamated lead, and decidedly less 
for copper. The presence of nitrous acid is said to exert no appreciable influence 
on the reduction of nitric acid at cathodes of these metals. E. Divers, and J. Tafel 
agree that the yield of hydroxylamine inerpasea with increasing cone, of sulphuric 
or hydrochloric acid, although E. Divers observed that with the latter, the yield 
passes through a maximum. H. E, Patten made some observations on this subject. 
The relation of sulphuric acid to the yield of hydroxylamine is not known. E. Divers 
said that there is no reason to believe that the action of the hydioehloric or sulphuric 
acid upon the metaJ is instrumental in forming hydroxylamine. Tlie second acid 
serves to decompose the metal nitrate as fast as it is produced. In this way, it 
holds the hydroxylamine in a state more stable than the nitrate. This agrees wiih 
the observations of 0. Flaschncr, that hydroxylamine loweis only slightly the 
'decomposition voltage of 22^^-112804 at a mercury cathode, while that of 
is lowered nearly OA volt. Thu means that under the given conditions nitric acid 
is a better oxidizing agent than hydroxylamine and will be used up before the 
hydroxylamine ; E. J. Joss also found nitrous acid is slightly less powerful than 
nitric acid. E. Divers's second point, (ii) that the second acid preserves the hydroxyl- 
amine from the destructive action of the nitrous acid, by preventing the formation 
of this substance which would otherwise result from the reaction between the 
metal yielding hydroxylamine and its own mtiatc. J. Tafel, however, found that 
this is not correct because nitrous acid has very little efiect on the reduction. 
E. Divers’s third point, (iii) that the second acid determines the reduction of sJl 
the nitric acid to hydroxylamine by supplying the hydrogen for reducing it, and 
BO keeping it free to the last. J. Tafel, however, doubted this because in very cono. 
Boln., the free acid or H'-ion cone, is low. 

J. Tafel further showed that the production of ammonia docs rot always pass 
through the hydroxylamine stage. He said : 

Nitric acid dissolved in sulphuric acid is reduced elcctrolytically at on amalgamated 
cathode almoat exclusively to hydroxylamine, although suoli a cathode has a distmet 
electrolytic reducing action on hydroxylamine sulphate. On the other hand, ziiirie add 
is reduced almost completely to ammonia at a copper cathode which is effective only at 
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low oumnt denfiitioa and which is quite iziadequate to reduce hydroxylamine sulphate 
any further. The only safe concliuion to draw is that the olertrolytic reduction of nitiio 
acid to ammoma at a copper cathodo does not pass through the hydroxylomine staga 
Certain cathodo maiozialSi such os copper, for instance, by a chemical action divert 
reduction process somewhere between nitric acid and Itydrozylomine from the sp. elec* 
trolytic course so that tlie reaction gOM direct to ammonia, without passing through the 
hydroxylamuiD stage. I cannot toll certainly at wliat stage the switching of the roaotion 
takes pl(ue ; but it soems not improbable that it occurs at dibydrazylamine, NH(OH)^ 

J. Tafel could, not reduce hydroxylamine at the copper cathode, but it passes to 
ammonia at the amalgamated co])pci cathode, 0. Flaschner, however, did reduce 
the hydroxylamine at the copper cathode, because, added J. Tafcl and II, Hahl, 
he worked with soln. so dil. that the hydrolyzed hydroxylamine undergoes 
reduction, not the hydroxylamine itself. The hydrogen over-voltage at the 
amalgamated copper cathode is higher than it is at a copper cathode, and hence 
reducing efiects may be possible with the former and not possible with the latter. 
All the amalgamated cathodes used by J. Tafel gave high }rields of hydroxylamine ; 
this is taken to be a speciric property of the mercury since no mercury ions are present. 
The high over-voltage of mercury might be expected to carry the reduction to the 
ammonia stage. Ho found that no hydroxylamine is produced when mercury is 
treated with nitric acid. It was accordingly inferred that the chemical and 
electrolytic processes are diScrcnt. J. A. Wilkinson showed that the different 
results are del crmiiied by the presence of mercury ions ; if the cone, of the mercury 
ions be ke])t low, the chemical process also furnishes hydroxylamine. J. Tafers 
expeiiments show that hydroxylamine does not depolarize the decomjiosition of 
bO per rent, sulphunc acid at a copper eatiiode. E. Muller showed that there is a 
peeuUar lelatiun between the coiic. of the acid and the depolarizing power of 
hydroxylamine because the oYidizmg power of hydroxylamine in alkaline sob. 
is gi cater than that of cither the nitrate or the nitrite ; and no appreciable yield 
of iivdroxylamiiie could be obtained by the electrolysis of neutral sob. 

V. >Silivniien studied the elect rolysi.s of nitric acid with platinum or copper 
cathodes, with a cathode of mercury in phosphoric or sulphuric acid at 25°-’40° - 
and al'iO the electrolysis of hydroxylamine with the same cathodes. His idea of 
the mechanism of the reactions in the two cases is illustrated by ; 



NH. on salt— NHzOH 
N^ll,saU NhIIoH 


where the symbols of the hypothetical intermediate compounds are bracketed. 
The compounds following one another in the scheme are reduced in acidic sob. 
with mcreasmg cathodic potential. Down to nitric oxide, the reduction proceeds 
without the evolution oihydiDgon— indein/ra, nitric acid. 

Accoidmg to E. Carstanjen and A. Elirenherg, and A. Sterner, hydroxylamine 
hydrochloride is formed when mercury fubiinate, C 2 N 202 lIg, is treated with 
hydrochloric acid ; B. Preibisch obtained it by the reduction of aliphatic nitro- 
compounds— e.g. nitro-methane ; V. Meyer and J. Locher, and G. Chancel, by 
reduemg dinitropropanc, dinitrobuiane, ethyluitrolic acid, and the ammonium 
salt of nitrofoim ; and J. Kachlei, by reducing dinitioheptylic acid. In E. Divers 
and T. Haga’s pioee^ hydioxylamme disulphonate, N(HS 03 ] 0 H, is first prepared 
by the mtoraction of sodium nitrite and sodium sulphide, and tbs is subsequcutlv 
decomposed by hcatmg it with water, whereby hydroxylamine sulphate is piodaoeiL 
Details ore as Mow: 
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Cono. Boln. of two moL b^. of sodium nitrite and one of sodiam carbonate are treated with 
sulpluir dioxide until the mixture liaa an acid reaction. The sodium salt of hydroxylamine 
disulplmric acid, If O.N(HH 03 )|, is formed, and this dncomposes on the addition of a little 
sulphuric add into the sodium salt of hydroxylaimdosmlphonio acid| HO>NH.HSOs, and 
sodium hydroBulphate, NoUSUi. When the first-named salt has stood a couple of days 
at 90°>n5", it breaks down still further into hydroxylamine, I10<NfIa, and sodium bisulphnte. 
The latter is first orystullized from tho suln., and ciystals of hydxoxylauiiup sulphato are 
subso(]uently separoted. Potassium salts do not give so good a yield as the sodium salts. 
\'ery lit tie ammonia is formed. \V. L, Hemon moditied t his process. 

Ibe isdation of hydrozylamine. — W, Losscu prepared an aq. soln. of tho free 
base (i) by adding the proper amount of baryta-water to precipitate all the combined 
sulphuric acid as barium sulphate ; and (ii) by treating a cone. aq. soln. of tho 
sulphate or nitrate with an alcoholic soln. of potassium hydroxide, whereby 
potassium sulphate or nitrate is precipitated. When the attempt is made to con- 
centrate the aq. soln. of the base by evaporation in vaouo, the soln. begins to decom- 
pose ; and if tho aq. holn. is distilled, a great proportion of the hydroxylamine is 
decomposed into ammonia, etc., and the remaindiT passes along with steam to the 
receiver. 

Up to 1390, hydroxylamine was known only in the form of its salts or in aq. soln. 
W. Losbeii tried, without bucccss^ to isolate tho base by (li.slilJiiig the aq. soln. 
(' A. Lobry de Bruyn assumed that the ])rospnoe of water was the secret of 
AV. Lossen’s failure to isolate the base, and ho tried alcoliol as bolvont. Kolubility 
of the hydroxylamine in moth}d alcohol was found to be grcaioi than in ethyl 
alcohol. lie succeeded in ibulatiug the base by diblillaliun from a mixture of 
sodium metboxide, and hydroxylamine chloride. 

To isolate hydroxylamine, dissolve the hydrochloriJt* in methyl alcoliol and add 
sodium methylate (obtained by dissolving metaUic sodium in methyl alcohol). 
Filter oil the sodiuin chloride, and romr»ve the alcohol by distillation— at first midor 
ordinary press, and then under reduced press. The hydroxylamine distils at about 
70“ under a press of CO mm. ; or at, say, 68“ uuder a press, of 22 mm. The method 
was modified a little by J. Houben, fi. Lecher and J. Unfuianu. A 40 per cent, 
yield was obtained by using absolute alcohol ; and C. D, Hurd and IT. J. Ihiiwnstein, 
obtained a 50 per cent, yield by using butyl alcohob The explosivi* pro|)erlio8 of the 
hydroxylamine and the precautions to be takiui in it.s ]>rpparati'>n were rlisr‘iJb.snd by 
C A. Lobry dc Bruyn, J. W. Briihl, R. Uhlenhuth, and R, Wolilenhl ein ami F. Groll. 
Almost at the same time as C. A. Lobry de Bruyn, L. Orismer obtain*'d the base by 
passiug ammonia through a mixture of ether with the complex salt sine hydroxyl- 
amine chloride, ZnCl 2 - 2 NH^OH ; he distilled ofi the ether, and (mally the 
hydroxylamine. 11. Uhlenhuth isolated the base hy distillaiiou from the phosphate 
under diminished pr(*ss. According to E. Ebler and E. Schott, the solid can be 
further purified by crysiallizatiDn tom alcohol at —18“, when cone. soln. deposit 
the base in white leaflets, and dil. soln. in needles. 0. Baudisch and F. Jemirr 
added finely powdered and dried hydroxylamine sulphate to liquid ammonia in 
a quartz tube, and removed tbe ammonia by evacuation ; the free hydroxylamine 
was extracted by alcohol. 

The phyBical properties ot hydioxylamme. — ^Anhydrous hydroxylamine 
furnishes transparent plates (L. Crismer), needles (C. A. Lobry de Bruj-n, and 
J. W. Briibl), without tUtSte or smell. H. Lecher and J. Hofmann said that tho 
crystals obtained from ethyl alcohol, or by the solidification of th(' molten substance, 
are identical, and belong to the rhombic system. C. A. Lobry de Bruyn gave 1*35 
for the sp. gr. of the crystals at 18° ; and 7'236 for the molten salt, J. W. Briihl 
gave 1'2265 for thci b]». gr. at 0®/4° ; 1’2156 at 10“/4“ ; and 1'2044 fur tlie liquid at 
23'6®/4“. E. Rchott obtained very different values for the highly purified hydroxyl- 
amine; ho gave 1-0742 at 19'l“/4“; and 1'0717 for, 2074®. 11. Lecher and 

J. HofWnu gave 1 *336 at 10®, and 1 *334 at 11®. Considering hydroxylamine as the 
amido-derivative of water, C. A. Lobry de Bruyn inferred that hydroxylamine would 
be solid at ordinary temp, because tbe substitution of a NH 2 'graup in place of 
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lijdiogen URoally raises the b.p. and the m.p. The argument from analogy turned 
out to be correct. The crystals when first prepared melt at 33^ and alter standing 
for some hours, they melt at 27-5'’. J. W. BrQhl gave 32^ 33^ for the freezing temp , 
and in a capillary tubci they fused at 33^-34^. H. Lcclicr and J. Hofmann gave 
32° -35° for the m.p. According to C. A. Lobry de Bruyn, if the cooling liquid be 
at rest, it can be under-cooled down to 0° — solidification occurs instantly if the 
liquid be then shaken. The b.p. is 56°-57° under 22 mm. press. At ordinary press., 
hydrozylamine gradually decomposes if kept over 15°, and at higher temp, it is 
liable lo explode with a yellow flash. H. Lcchcr and J Hofmann’s preparation 
was leas stable than that of C. A. Lobiy de Bmyn, for it smelt of ammonia after 
keeping 21 hrs., and in 4 days it completely liquefied and contained only 42*55 per 
cent, of hydrozylainine. C. A. Lobiy de Bruyn said that if hydrozylamme be 
heated slowly on platinum foil, it bums with a yellow flame ; but if a drop be heated 
in a tcbt-tiibc over the free flame, it explodes with a loud roise. The solid dccom- 
poBPs on standing a short time in air. 6. M. J. MacKay found the mol. depression 
of the f.p. to he 1-77°, 1*90° and 2-26° respectively for soln. with a mol of hydroxyl- 
amine in I, 20, and 500 litres of soln. Those results agree with the conductivity 
mcasuTcments in showing a slight ionization of the hydroxylamine in aq. soln. 
M. Berthelot and C. Matignon gave —3*8 Cals, per mol for the heat of soln. in 
water ; and M. Berthelot and G. Andre, 23*8 Cals, for the heat of formation in aq. 
soln. 

W. N. Harthy and J. .T. Dubbic exammed the speetrum of hydroxylamine ; 
and AV. B. Brodic, the spectrum of blood treated with hydroxylamine. C. A. Lobry 
de Bruyn reported the index of refraction at 14° to be ■=1-44123 ; -45025 ; 

and /xa"M 3035; and at 40°, -43350; jafl=l *44299; and fiA=^l'42298. 

J. W. Bruld gave at 23*6°, 1*43751 for the Li-ray ; 1-44323 for the Tl-ray ; 1*43801 
for the Ha-ray , 1*44652 for the lljj-ray; 1*44.(>47 for the Na-ray ; and 1- 15137 
for till' Hy-ray. This makes for the dispersion y— a-=0*0057, or M(y— a)— 9*19. 
E. Schott gave al 14*5°, fi=-l*dl723 for the Ila-linc; 1-41902 for the Na-line ; 
M2476fortheHp-lim‘ ; andl-42917fot the llyline, giving M(y— a) 8-09. Accord- 
ing to E. Schott, the mnl. lefraelinn for NII2UII is 7*257 and the dispersion 0-211 ; 
and for II3N- 0, 8*14, and 0-50. 

E. C. Szarvasky found that the electrolysis of hydroxylamine was acrompanied 
by the siKintaneons tiansformatioii of hy^oxylamine into ammonia. Secondary 
reactions always orcur— the base being reduced to ammonia at the cathode and at 
the anode oxirlizcrl to nitrogen oxides. F. Balia found that with various electrodes 
the percentage current yield of NaNOgiNaNOs in the electrolytic oxidation of 
hydroxylamine with anorles of dificient metals was as follows : 

PI Ou JFe N Co Pb V bruphite 

NaNO, . ri 10 .r'lfil 4M3 44-4D 43 44 21-Uij 8-U6 81-18 

NoMC), . 17•0.^ ItiOU 158 5 53 0-74 82'10 35-59 32-19 

Thus, copper and platinum give similar results ; the nitrite formation is greater 
with iron, nickel, and cobalt, and the nitrate formation less. The gases were mainly 
nitrous oxide and nitrogen with a small proportion of oxygen. N. D. Zelinsky 
and S. G. Krapiwin showed that the decomposition of hydroxylamine into acid 
and base docs not occur in soln. with methyl alcohol as solvent. J. Tafel showed 
that an aq. soln. of hydroxylamine sulphate in presence of 20-60 per cent, of 
sulphuric acid is not reduced at a copper cathode. 0. Flaschuer observed some 
reduction in dil. sulphuric acid soln. J. Tafel and H. Ilahl found that reduction 
always takes place when the sulphurio acid cone, in the layer of electrolyte in contact 
with the cathode is reduced beyond a certain point, and when there is no excess 
of acid ; in other words, when hydroxylamine sulphate itself is electrolyzed, the 
reduction is quantitative. These results are most readily accounted for on the 
view that only free hydroxylamine (produced in this case by partial hydrolysis of 
the sulphate), but not the hydroxylammonium ion, NH^OH', is reduced at a copper 



INORaANIC AUD THEORETICAL CHEMISTRY 


cathode. The subjeet was discussed by H. E. Fatten, V. Rothmund and 
0. Flaschncr, and J. Tafcl— v/de supra* 

The electrical conductivity was measured by W. H. Ross, whp found that 
in all cases the conductivity of the salt soln. was increased with time, especially 
with the more dil. soln. This is due to the decomposition of the salts under the 
influence of the platinum-black of the electrodes ; with polished electrodes, the effect 
is considerably smaller. The base itself is oxidized even more rapidly than the 
salts. The soln. are in all cases decomposed by the platinum electrodes, and 
0. M. J. MacKay showed that tin does not decompose the soln. at all, while 
copper decomposes the soln. completely. The order in which the metals were 
found to dexomposc the soln. is : liu, pklimim, silver, nickel, mercury, and copper. 
The electrical conductivity of liydroxylaniLie, using tin electrodes, in terms of 
mercury at 18°, with v vols. of soln. pcT mol, is os follows : 

V . O'OOOl 0‘3 1*0 50 10 20 60 100 200 600 

II . 0*031 0-02 0-051 O-OOB 0-2g 0-40 0*52 0*70 1-3 1-4 

There is therefore a minimum nitJ. conriuctivily between the 2iV- and ]0i\r-conc., 
which may indicate that at high cones., liydrates are formed which are dissociated 
on further dilution, but tliis point was nut further investigated. The sp. conductivity 
in reciprocal ohms of pure h) droAylaiuine at a temp, slightly nbovc was found 
to be approximatnly 83xlU~>^, a value which lien between that of lifjiiid ammonia 
at 30°, 150x10“®, and that of hydrazine hydrate, 34x10”®. W. A. Nnyes and 
J. H. llibbcn made some Lrunsport ex|MrimentB witdi some ionizable derivatives of 
hydroxylamine. K. Winkclblecb found 2*5 per eent. hydrolysis in aq. srdn. of 
hydroxylainiiic hydrochloride at 25° with sola. conLaiiiing a mol of the sail iii 1024 
litres of water ; and V. II. Veley, B-1 per eent. at 15° with a mol of salt lu 10,000 
litres. £. 0. Ellingson obtained results about 0*3 to 2 6 per cenf. luglier than 
J. Thomsen fur the heats of neutralization of hydroxylamine with acids. 
£. 0. Ellingson found for liydroxylaniine and hydioclilonc acid, concentriilioii 
1 : 60, 9483 cals., and cone. 1 : 200, 9292 cals. ; for hydroxylamine and sulphuric 
acid, cone. 1 : 60, 11,445 cals., and cone. 1 : 200, 11,071 cals. ; for hydrozylaniino 
and trichloracetic acid, cone. 1 : 100, 9081 cals. ; and cone. 1 : 200, 9280 cals. 

Hie chemical properties ol hydroxylamine^— According to C. A. Lobry de 
Bruyn, free hydroxylamine may produce a blister if a drop n-sts on the skin for a 
short time, but no ill-elIcctB were notiecd from the vapours when working with this 
substance. G. Bertoni and U. Raimondi observed that intravenous or subciitancuiis 
iujectioiis have a poisonous action, and nitrous arid can then be detect rd in tlie 
blood. A. Fasquali said that tlie salts of hydroxylamine arc poihonous, but large 
doses are needed to produce fatal ctTects ; he found the lethal do&o for dogs to bo 
0*032 grm. per kgim. of body weight, R. Cuisa and R. Luzzatto say that hydroxyl- 
amine is four to five times as powerful a pni.son as nitrous acid. T. L. Bninton 
and T. J. Bokonham found that hydroxylamine reduces the blood press, like amyl 
nitrite. L. Lewin, C. Biuz, and G. Bertoni and U. Raimondi noted the changes 
produced in blood corpuscles by hydroxylandne. W. Lossen said that the alcoholic 
soln. irritates and reddens the skin. The toxic action of hydroxylamine on bacteria, 
and infusoria was observed by G. Bertoni, W. Gibbs and E. J. Rcirhert, F. J. Eieh- 
koff, 0. Low, G. Marpmaim, W. B. Brodie, and A. Fasquali; M. Raciborsky, however, 
showed that hydroxylamine is assimilated by some fungi. V. Meyer and E. Schulze 
found that hydroxylamine salts retard the development of plants or else kill them. 

C. A. Lobry dc Bruyn said that if hydroxylamine be of a high degree of purity, 
it may be kept lor montlis without decomposition ; its decomposition is favoure.d 
by alkalies, so that the glass vessels in which it is to be kept must be well washed 
with acids. A number of salts also favour the decom])Osition of hydroxylamine. 
According to J. W. Brilhl, the solid is stable at low temp., and molten undcr-cooled 
hydroxylamine, at 0°, does not docompuse. Decomposition commences at about 
10° with the formaiioii ol small bubbles of gas— mostly nitrogen ; the decompo- 
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ntion at about 20 *^ prooeeda steadily, and this the fasieT, the higher the temp. 
0 . A. Lobry de Bruyn said that nitrogen and nitrous oxide are formed by the 
spontaneous decomposition of hydroicylamino or ammonium nitrite. Accord- 
ing to E. A. Hofmann and E. Kroll, the slow decomposition of hydroxylamine 
hydrochloride at about 150 ^ takes place in accordance trith the equations; 
3NH2.0H=N2+NH,+3H20 and 4NHz.OH=N20+2NHs+3H20. The addition 
of basic substances represses the second in favour of the first change to an extent 
which is less than would be expected, whereas acidic substances displace the action 
in the contrary direction. Nitrous acid or nitrite is produced by the acid or alkaline 
fusion of hydroxylamine. It is therefore probable that hy droxyhydrazine is produced 
initiaUy from 2 mols. of hydroxylamine and subsequently converted into the diamide 
of nitrous acid, OH.N(NIl2)2 ; this is hydrolyzed to ammonia and nitrous acid (or 
uitrosyl acid in cone, acid soln.) which, with unchanged hydroxylamine, yields nitrous 
oxide. Confirmation of this hypothesis is found in the observation that nitrous 
oxide is not formed in the presence of sufficient alkali or of carbamide. In alkaline 
soln. the diamide of nitrous acid suffers mainly intramolecular decomposition, 
On.N(NH2)2=:Nz+NII<)-|-H20, accompanied by the subsidiary change ; 
OH N(NH2)2+Na01I=NaN02-|-2NH3. A. Kurtenacker and F. Weiner found 
that the course of the decomposition of hydroxylamine in alkaline soln. depends 
on the rone, of the alkali, on the temp., and on tlie nature of any catalyst present. 
The higher the alkali cunc. — ^in the absence of a catalyst or in the pieience of 
pnniire, platinized pumice, or platinum gauze — ^the smaller the proportion of 
nitrous oxide and the greater the proportion of nitrogen funned. In the presence 
of platinum black, the proportion of nitrous oxide formed increases slightly with 
a rise in the cone, of alkali. Catalysts in gpneral cause an increase in the yield of 
nitrous oxide for any given conditions, platmum-blark being the most efficient 
catalyst in this respect, giving a yield up to 63 per cent, of the weight of hydroxyl- 
amine. The reaction proliably proceeds through the formation of the labile condensa- 
tion product, hydroxyhydraziue, which may react with a further mol. of hydroxyl- 
amine, giving ammonu and nitrogen: 3NJ^20H=NI^3^-N2^ 3II2O; or may decom- 
pose into ammonia and nitruxyl, the latter being converted into hyponitrous acid, 
which decomposes into nitrous oxide and water : 4NH2t)H=2NH3+N20-|-3H20, 
Hydroxylamine in oxygen produces a white cloud without becoming hot. 
Hydroxylamine on filter paper or asbestos, in air, becomes heated owing to 
rapid oxiiktion ; the free base absorbs oxygen from air, forming nitrous acid. 
The Dxidcilion is favoured if traces of free alkali be present. Dil. aq. soln., 
free from salts, are fairly stable even if the temp, be raised ; but couc. soln. 
were found by E. Divers and T. iShimidzu, W. Lessen, and E. Fremy to decompose 
readily on exposure to air. The aq. solu. decomposes more rapidly m the 
prc.scnre of sodium or potassium hydroxide ; and V. Meyer and E. J. Constam 
found the presence of ammonia favours the decomposition so much so that an 
aq. soln. of hydroxylamine which had stood beside couc. aq. ammonia over-night 
was completely decomposed. 8. 8. Kolotoff said that the products of the decom- 
position are ammonia, nitrogen, nitrous oxide, water, and, added W. R. Dunstan 
and T. 8. Dymoud, nitrous acid. The reaction was examined by 8. M. Tanator, and 
V. Meyer. 0 . Low said that the presence of platinum-black hastenfl the decom- 
position, and, added 8. M. Tanatar, favours the formation of nitrous oxide. 
A. Findlay and W. Thomas found the vol. of gas evolved by an aq. soln. of hydroxyl- 
amine in the presence of colloidal platinum was much reduced in the presence of 
dextrin, starch, gelatin, peptone, and, to a less degree, of ferric hydroxide soln. and 
this the more the greater the proportion of dcxlriu, starch, or gelatin present. Thus, if 
V C.C. denotes the vol. of gas evolved in a given time, without and with the addition ; 
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The oolloidal addition thna retards the catalytio activity ol the pktinnm possibly 
by adsorption of the colloid by the platiniiin. W. Streckcr and H. Thicnomann 
observed that hydroxylamino hydrate radily reacts with 02(XI16y forming hydroxyl- 
amine nitrate. The reaction is not complete and on excess of ozone is needed. 

According to C. A. Lobry de Brayn, hydioxylamine is miscible with water in 
all proportions ; the aq. soln. lias no smell ; and it reads alkaline. When the aq. 
soln. is distilled, ammonia is evolved, and undecomposed hydroxylamino and water 
pass into the receiver without leaving any TPsidue in the retort. E. Banett studied 
the dissociation of the salts of hydioxylamine in aq. soln. A drop of hydroxyl- 
amine mixed with 5 c.c. of a 2-5 per cent. soln. of hydrogen dioxide gives ofE 
bubbles of gas, and the soln. contains nitric acid. C. Wurster found that the 
oxidation of hydioxylamine sulphate by hydrogen dioxide at 40° furnishes sulphuric 
acid, water, and a quantitative yield of nitric acid ; likewise also with hydroxyl- 
amine chloride. An aq. soln. of phenol, hydroxylamine salt, and hydrogen 
dioxide give nitrosophcnol ; and phenylhy^aziue is converted by hydrogen 
dioxide into benzene und diazobenzencimido. S. M. Tanatar said that in neutral 
soln. the gas evolved is a mixture of equal parts of oxygen and nitrogen, and in 
alkaline soln. almost pure nitrogen. E. Francke also studied the action of hydrogen 
dioxide on hydroxylamine. A. Thum noted the formation of a hypouiliite in the 
DX'daiion of hydroxylamine by hydrogen dioxide. 

Acrording to C. A. Lobry de Bruyn, hydroxylamine inflames in a stream of 
ohlorine gas ; bromine decomposes the base without incandescence, forming 
hydrogen bromide, nitrogen, and water ; and iodine acts in an analogous way. 
T. Haga representod the reaction with iodine: 2NH201I-f2l2— N2O+4III+II2U. 
According to K. A. Hofmann and F. KroU, the oxidizing or reducing action of 
hydroxylamine deprmds on the conditions ; in feebly acidic soln., ferric chloride 
gives ferrous chloride and nitrons oxide, whereas in cone, sulphuric or phospliorjc 
acid soln., ferrous sulphate gives ferric and ammonium sulphates. In acetic acid 
soln., hydroxylamine is oxidized by iodine, but not so in mineral ueid boln., for in 
cone, hydrochloric acid, hydioxylamine liberates iodine from hydriodic arid. 
F. Baschig suggested that the fimt stage of the oxidation of hydroxylamine by 
iodine is the formation of dikydroxyUiydrazii^e : 

ll-N-OH 

H— K-OH 

which immediately passes into dihydroxyldiimtde, ITO.N ; N-OII ; and this in turn 
into nitrous oxide, N2O. C. T. Dowell found that an exeeas of chluriiie on a bulii. 
of hydroxylamine in carbon tetrachloride forms nitrogen trichloride. The base 
forms a salt when it reacts with hydrcMdllciric add. Hydroxylamine is vigorously 
oxidized by sodium hypochlorite ; W. R. Dimstan and E. Goulding studied the 
action of hydriodic add and of the metal iodides on hydroxylamine. F. Baschig 
showed that the hypochlorites of sodium, potassium, and calcium are reduced by 
hydroxylamine salts and iodic add is also reduced— according to E. Fr£my, in 
acid or neutral soln. R. P. Sanyal and N. K. Dhar observed that in the reduction 
of iodic acid with hydroxylamine hydrochloride there is a period of induction, but the 
electrical conductivity of the system did not attain a maximum until after the 
appearance of the iodine ; this is attributed to the decomposition of the hydroxyl- 
amine in aq. soln. as wdl as to the oxidation of iodine. R. Mohlau and (J. Hoff- 
mann found that with a 10 per cent. soln. of hypochlorous addi an aq. soln. is decom- 
posed with the intermediate formation of NH2OCI, ^orohydioxylaillilief 
NH20H-t-H0Cl=Nn20Cl-fHa0; and 2NH20Cl=N2+Caa+2H20. F. Rascliig 
said that hypochlorous acid can oxidize hydroxylamine completely to nitric ariil. 
According to C. A. Lobry dc Bruyn, no action occurs when chlorateB» or perchlcmtes 
or hromates are mixed with hydroxylamine, but if a drop of sulphuric acid be 
present, the mixture inflames. The base reduces iodates and periodates without 
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injQammation. D. Vital! repret^nted the reducticKn of iodates by hydiozyl- 
amine sulphate by 2(NH20H)2H2804+KI05=N20-|-N2+6H20+KI-|-2H2B04 ^ 
2KI-[-H2S04=:E2S04+2HI ; and 6HI+HI03=3l2+3H20 ; with broma^ 
biomine is separated only when the soln. is heated ; and with chlorates^ no reaction 
was observed. M. Bohlutter represented the quantitative reduction of bromates 
in acid soln. ; 4NBBr08+12NH20H- INaBr-f 18 H 20 + 302 + 6 N 2 . The reaction 
was studied by A. Eurtenacker and J. Wagner, F. Fiohter and W. F. Tschudinf 
and by E. Bupp and H. Mader. According to P. Jannasch and A. Jahn, 
the reduction of the iodates, bromates, and chlorates occurs more readily in 
acid soln. than in neutral or ammoniacal soln. The reduction of the chlorates 
in ammoniacal soln. is very feeble. E. C. Gilbert observed that there is a 
variation in the reaction with bydroxylamine and an acidic soln. of potassium 
bromate depending on the order of mixing. G. B. Levi represented the 
reaction with equimolar parts of hydroxylaminc hydrochloride and a ehlorite 
in neutral soln. : NH20H.HCl+NaC!102— NaCl+C!l+NO+2H20 ; and with an 
excess of the hydeoxylamino salt : 2NH20H.HC!l+NaCll02=NaCl+N20 
+3H2O+2HCI. Powdered BOlphlir does not react with hydrozylamine. 
S. M. Tanalar, and F. Baschig noted that solplmr dioxide is oxidized to ammonium 
Bulpliatc, and F. Baschig obtained hydroxylamine Bulphaminates by the action 
of sulphur dioxide on hycLroxykmine salts — ends sulphur dioxide. The persulphatee 
are reduced by hydroxylamine salts. A. Guimann represented the reaction with 
sodium tetrathionate|in acid soln. by H2S40s+^H20H+n20=s2H2S04+2SH-Ni 13 ; 
and in alkaline soln. by Na2S4Ofl+2NH2OH+3NaOH=-2Na28208+NaNO2 
’l-SIIoO+Nlls. 0. Hinsbcrg found that selenium dioxide is reduced to selenium 
by aq. soln. of the base. According to C. A. Lobry de Bruyn, ammonia is absorbed 
to the extent of 20 per cent, by molten hydroxylamine ; and B. S. Eolotofi observed 
no reaction when ammonia is heated for 100 hrs. in a sealed tube with hydroxylamine 
at 100°. For the action of hydiaxine, vide infra, Nitrous oxide and nitric oxide 
are without action on the base, but liquid nitrous oxide is reduced. G. Oesterheld, 
and E. J. Joss represent the reaction with hyponitrous OOid : H2N202-|-‘2NH20H 
=2Nn-|-4H20. According to V. Meyer, nitrous add decomposes an aq. soln. of the 
base : NII2OH+HNO2 - 2H2O+N2O. 8. M. Tonatar found the reaction between 
liydroxylamine chloride and sodium nitrite occurs with difiiculty in the presence 
of magnesia, calcium oxide or carbonate, and cadmium or zinc oxide ; if the acid 
soln. of the hydioxylaminc chloride be neutralized, it does not react with sodium 
nitrite. The reaction with hydroxylamine suljjhate and nitrite is spontancons and 
vigorous in cone. soln. ; in dil. soln., the reaction is very slow with cold soln. 
W. Wislicenus, and C. Paul showed that some hyponitrous is formed as an inter- 
mediate product of the reaction, and it can be isolated, particularly, said 
B. M. Tanatar, if chalk be present in the system. C. Montemartini measured the 
speed of the reaction between hydroxylamine chloride and sodium nitrite : 
NH20U.HCl+NaN02=N20+NaCl+2ll20. If k be the velocity constant; 
C (grams, per 100 c.c.), the cone, of the hydroxylamine t minutes from the 
beginning; and Cq the cone, at the beginning when t=^0, dCldt=^kC^, and 
k Cq— I f Cq be ^eater than 0-036 at 16 °, £ increases with time, and 

when fc= 0 * 226 , at 25 °, it remains nearly constant. When t is greater than 400 , 
the value of k decreases. The presence of either sodium sulphate or sodium chloride 
decreases the speed of the reaction considerably, as shown by the decreased values 
of h. The product Ktj is not constant for soln. with varying amounts of sodium 
chloride — ^here 77 denotes the viscosity constant of the soln., but kq^ is approximately 
constant when 16-24 per cent, of sodium chloride or 8-14 per cent, of sodium 
sulphate is present. If n denotes the ratio of the number of mols. of the one salt — 
hydroxylamine chloride — sodium chloride— then kn was not constant. With 
hydroxylamine hydrochloride, the velocity of the reaction is less than when the 
sulphate is used, and still less than with the nitrate. With lithium, sodium, and 
potassium nitrites, k decreases as the at. wt. of the metal increases, and k is greater 
VOL. vui. u 



290 


INORGAinO AND (THEOftElJlOAL CHEMISTRY 


for fitiontium nitrite than for that of barium. Hjdroxylamine probably reduces 
nitrio acid : 2HN03+2NH20H=2HN02+N20+3H20. 

According to C. A. Lobry de Bruyn, no rf*action occurs when hydroxylamine 
is mixed with ordinary phosphorus. Hydroxylaniinc hydrochloride reacts slowly 
with phosphorus pentachloride in the cold, but at loo'll the action is energetic — 
hydrogen chloride is given off, and ammonium chloride and some nitrogen are formed. 
Inflammation occurs when the base is mixed with phosphorus trichloride or the 
pentachloride. E. Ebler studied the action of hydruxylamine chloride on soln. 
of Bcsenic acid, and on bismuth salts ; A. (1 utmanu said that with sodium arsenite 
the reaction is symbolized; Nlf20Il4-Na3As03 Na3As04 |-Nir3, with the side 
reaction: 3NHnOII-Nll3+N2-h3H20- Hydroxylaiuiiie does not react with 
carbon monoxide, hut carbon dioxide is absorbed m great quantities with a slight 
rise of temp., and the formation of a liquid which docs not freeze at —10°. Caibou 
disulphide unites with hydruxylamine, forming a substance which slowly becomes 
yellow, then orange, and there is then a separation of sulphur. Hydruxylamine 
is miscible in all proportions with methyl or ethyl alcohol, and the cone. soln. on 
cooling may dtqjusit aricular or scaly crystals ; it is slightly soluble in propyl 
alcohol ; boiling ether dissolves about 1-2 per cent, uf the base, and on cooling 
needle-hke crystals separate ; acetic ether rlissolve^i 1-G per cent, of the base at 
ordinary temp.; and cUoTolorm, 0*3 per coni. With rklorofonn, a while amorphous 
coinjxjund with hydro xylaniine is formed. Uyilroxylamine is virtually insoluble 
in benzene or petroleum ether. 

Tlie action of hydrox\ liunine or iia 8a1t<3 on varhmyl compoiinrii wa^ studlod by 
R. K iVcrco and CD-v((iik(TH ; on a( ilonc^ hy Lanilricu, and 1 SrliOttb; on A:l tones, by 

K, ('iosa and A. 'i'erni, P. I. Peli'ciiko-KTitscbrijko and S Lordki[)aiuilzo, C. Mourou and 
J. I^zeiiTjpc, G. Minuimi and G. C'urta-Satta, and A. Jaiiny ; on ilhylnif ojitfr, by 

L. W. Jones and 0. 11. Burns ; on tynnogm hromnif', by 11. Wiolaiid and H. Bauer ; on 
pot(Mtoturr?/'(rrniyanii/c,byK. A.IlufniaiinandB Amnldi, and A. Timm; onnftro-j;ru 0 «idetf, 
by J. Giral'Pcrcini., and J. G. Pereira ; on hunlotiint by L. liVanrosconi and G. Ciismano ; 
on Jata, by E. Morulli; on dimcthylpyrmM'dumboxi/Iatv, by V. Pakizzo ; on pt roTijiftme, by 

A. Bach; on cyanoamd(8f by J, von Braun oitd K. Rclururz; on misrUunUed at ids, by 
T. Posner, and C. D. BorrieM and W. Haaiiiionn ; on bromomtroramphanr, by M 0 Forster ; 
on aldchydeaf by lx. Bcbs and G. L'ibng; on vxnbautic arid, by H. J. Jl. Fenton and 

B. 0. Joiich ; on furnuc arid, by 0 Seliniter and M. Poschkes ; on tlhyl phaiylpropionatr, 
by S. ItuliBniann and 31. E. Rtajdoton; on mpthyl, tfhyl, and propyl lodtdfg, by 
W. R. Dunstnn and E. GoiiUbn^, A. Bantzbcli and W. Billund, and L'. A. I^obry do 
Bniyii ; on thiocarbamidr, by W. R. G. Atkins and Pk A. \V urnor, and Pk Ticmann ; on 
phcnyliarbamidp, by E. 0. Borkinanii; on irinUrotolutnc, by M. Gma; on ndroaohtmtw, 
by E. Jlamberi^er and E. Itcnauld ; on nittobournt, by A. An^^oli, and Pi Bainbur^or and 
£. Knecbt on areiamide, by M. 0. Forster ; on fthyl fomuUej by G. 8clin/t('r ; on laittmea, 
by L, Francosconi and G. Cusinano ; on coumariM, byT. J'usnertind Ji. Jloss ; on acetylene, 
by £ Oliveri-Mandnla ; on luhdone, by I. Si'liottlo; on bfnzoylhydracvhc acid, 
1. Schettlo ; on Pcozenr sulphvnate, by A. Soye^eiz and L. J*oizat ; on plitnyl hydrazine, 
by £. Fibchur ; on ztnr ethyl and magnesium alkyl hahdes, by F. Ebler and 
R. L. Krause; on mdaphosphonc esters and phospliotous estets, by W. Stieckor and 
H. Houser ; el c. 

C. A. Lobry de Bruyn found that sodium reacts with hydroxylamine with 
incandosccucc ; in ethereal soln., hydrogen is developed and a white, voluminous, 
hygroscopic soffium hydroxylomite, NlLONa, is formed, which sometimes catches 
fire when exposed to air. E. Elder and E. Schott found that when hydroxylamine 
is treated with calcium fllinga at 50°, a white powder of calcium h^OXyhimite» 
Ca(ONH2]2, is formed which explodes at 180°. It is slon^ly hydrolyzed by moist 
air, and reacts with water : Ca(0NH2)a+2H20=Ca(0H)2+2NH20H— uttfe infra. 

C. A. Lobry de Bruyn reported that no reaction occurs with hydioxylamine and 
magnesium powdej. D. Vitali found that magnesium acts on a soln. of hydroxyl- 
amine chloride, forming hydroxylamine and hydrogen. According to E. Eblei and 
E. Schott, the base is reduced when heated with zinc dust, forming zinc oxide and 
ammonia ; sometimes the mixture inflames, at other times it explodes. The im- 
mediate product of the reaction is not ZnO : NHa, but rather ziUO hydraxylamit^ 
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Zn(0Nn2)2.3NH20H. This salt con be purified by lecrystallization from absolute 
alcohol. When partially immersed in hydrazine hydratci and partially exposed to 
air, Li gives ofi hydrogen, and forms zino taydnizinCKMtflKizylaie dihydnudnatev 
(Nll2.N]l.CO.O)2Zn(NlT2Nll2)z. It does not give a precipitate with a soln. of a 
chloride of an alkaline earth ; and when the soln. is boiled, the substance is hydro- 
lyzed, and the carbonate of the alkaline earth is precipitated. There are also 
indications of the formation of very unstable tenooB hydzozylaiiiite by the action 
of inm on hydroxylamine salts. 

C. A. Lobry do Bruyn found that molten hydroxylamine does not react with 
solid sodium hydroxide, but dissolves therein, forming a moss which atiracts oxygen 
from the air. W. Lessen showed that the alkali hydroxides react with an aq. or 
alcohoUc soln. of the hydroxylamine salts liberating hydroxylamine which then 
reacts with the excess of alkali-lye, forming ammonia, nitrous oxide, and nitrogODt 
According to M. fierthclot, M. llerthclot and G, Andrd, the main reaction is 
symbolized : 3NH2OH— NHa-|-N2+3H20, and there is at least one side reaction : 
4NlJ20Il--2NIl3-|-N20-f'3H20 — ^thc gaseous product contains about 95 per cent, 
of nilrugcu and 5 per cent, of nitrous oxide. The thermal value of the first reaction 
is 57 Culs. per mol, and of the second, 45*2 Cals. If platinum black be employed os 
catalyst, the side reaction ])Tcdominates and becomes the main reaction, for the 
gaseous product then contains 15 per cent, of nitrogen and 85 per cent, of nitrous 
uxule. In neutral solutions, hydroxylamine decomposes very slowly. A. Thum 
found that hydroxylamine is oxidized by cupric oxid^ and E. Franckc studied the 
reaction with the copper oxides in some detail. C. A. Lobry de Bruyn said that 
hyilroxylamine is inflamed in contact with barium OXide ; W. Lossen, that barium 
hydroxide reacts with aq. or alcoholic soln. of hydroxylamine salts as in the case 
of the alkali hyclroxid(‘S. K. A. Hofmann and V. Eohlschutter digested finely 
powdered calcium oxide, or calcium carbide with a soln. of hydroxylamine in 
methyl alcoliul, and obtained a white powder, which is partly decomposed by 
water at ordinary temp, into calcium hydroxide and hydroxylamine, and which 
reduces ammoniacal soln. of copper or silver salts. E. Eblsr andE. Schott regard 
the product as a mixture of calcium hydroxylamite and hydroxide. AV. Lossen 
founrl that magnesium oxide docs not decompose a soln. of hydroxylamine 
rhb)ri(le at ordinary temp., but when warmed, ammonia gas is vigorously evolved. 
C. A. Tiubry dc Bruyn said that a mixture of hydroxylamine with barium or lead 
dioxide inflanies. 

Hydroxylamine was found by C. A. Lobry de Bruyn to dissolve many salts— 
potassium iodide, bromide, and cyanide are copiously dissolved ; while sodium or 
barium nitrate, and sodium or potassium chloride are dissolv^ to the extent of 
11-14 per cent. The soln. of barium nitrate and potassium sulphate in hydroxyl- 
amine do not give a ])TCcipitate of barium sulphate when they are mixed. 
F. L. Halm and K. Brunngasscr found that the solubility of barium carbonate is 
increased more than 30-fold in 0'25M-NH2OH. Hydroxylamine can unite 
with many salis, forming compounds in which it appears to act as hydroxyl- 
amine ol Ciystallizatiim like water in hydrated salts — e.g. L. Crismer pr(q)arod 
ZUCI2.2NII2OH, Cda.2NH20H, and BaCl2.2NH20H ; 11. Alexander, 

P«)l2.2NH20H,Pt(0II)2.4NlIa0U, and PtSO4.4NH2OH.H2O; H. Goldschmidt 
and E. L. Syngros, compounils with the carbonates of zinc, iron, manganese, and 
nickel ; W. Fcldt, compounds with cobalt and manganese salts ; and B. Uhlen- 
huth, NiS04.6NH20H. A number of complex salts have been made, thus, 
W. Meyeringh prepared (NIl30H)AJ(S04)2.12H20 ; (NIl20H)Cr(B04)2.121l20 ; and 
(NU20H)Fe(S04)2.12U20. A double salt is formed with magnesium sulphate, 
^8(NIl30H}2(S04)2.6Il20, but not with ferrous and zinc sulphates or with mag- 
nesium and manganese chlorides. G. Antonofi has described a number of these 
^Its with magnesium and the alkaline earth chlorides. Hydroxylamine is amphoterio 
in that it behaves towards the alkalies like a weak acid, forming hydroxylamite^ 
and towards the bases like ammonia, forming a scries of salts, llydroxylainine 
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generaDy acta aa a vedooilic agent, particniatly in acid soln., but aa shown by 
A. Piccini, L. Marino, and B. M. Tanatar, it can also act as an oridialng agent, for in 
alkaline soln. it oxidizes the alkali nitritesi nitric oxide, and the hyponitrites ; and 
in acid soln. stannous chloride forms stannic chloride; sulphurous acid gives 
ammonium sulphate ; and sulphuric add soln. of vanadium trioxide are converted 
to vanadium tetroxidc. 

C. A. Lobry de Bruyn found that anhydrous copper SOlphate causes hydroxyl- 
amine to inflame, and the hydrated s^t is vigorously reduced. W. Lossen, 
E. Ebl(*r, G. von Knorre and E. Arndt, E. Francko, 11. 0. Jones and F, W. Carpenter, 
E. P6chatd, W. Feldt, A. Thum, C. Ejellin, W. Meyeringh, and B. Frdmy noted the 
reduction of soln. of copper salts by hydroxylamine. The precipitate first formed 
is grass-green, and it then becomes copper-red and forms a colourless soln. with an 
excess of hydroxylamine, without the evolution of a gas. When the soln. is exposed 
to air, the surface acquires a dirty bluish-green separation which again passed into 
soln. when the liquid is agitated. When the soln. is heated, a gas is evolved, and 
if it be mixed with a little alkali-lye, or baryta-water, it fumislics an orange- 
yellow precipitate, probably of cuprous hydroxide. Alkaline solu. of copper oxide 
give a precipitate of cuprous hydroxide with hydroxylamine. J. Douath said that 
almost all the nitrogen is evolved as nitrous oxide, very bttle ammonia is formed. 
Ammoniaeal soln. of copper oxide are decolorized by hydroxylamine and alkali- 
lye, giving a yellow precipitate when treated with alkali-lye. The precipitate 
obtinned by adding an alcoholic soln. of hydroxylamine to a soln. of copper sulphate 
is less variable than that produced by an aq. soln. The first precipitate is grass- 
green, it tlien changeh to dark azure-blue with an excess nf hydrnxyltimine. When 
dried over sulphuric acid, the precipitate is giern, and when boiled with water, it 
gives ofi a gas and forms cuprous oxide. A. Kurtenarker andF. Wengefeld found 
that copper sulphate in acidic soln. of hydroxylamine yields mainly nitrous and 
nitric oxides and a little nitrogen ; in strongly alkaline soln., nitrons oxide is the 
mun product. Powdered silver nitrate was found by C, A. Lobry de Bruyn to be 
reduced by hydroxylamine, forming silver. A. Lainer, E. Eblcr, W. Lessen, and 
E. Fr£my said that aq. soln. of silver salts are nnluced to metal by soln. of hydrazine 
salts. The precipitate first obtained is black, and this soon gives oil gas copiously 
and is transformed into the metal. W. Ijossen, and E. Ebler found that a soln. of 
gold chloride is likewise reduced to metal by hydroxylamine salts. 

W. Lossen observed that no precipitation occurs when a soln. of hydroxylauiiue 
is added to one of a caldum, stontium, bariom, or magnesium salt. A sola, of 
zinc sulphate gives a precipitate not soluble in an excess of the hydroxylamine soln. 
E. Ebler studied the action of the chloride on cadmium salts. U. A. Lobry de 
Bruyn found that anhydrous hydroxylamine has no perceptible action on the 
anhydrous sulphates of zinc or magnesium. W. Lossen, E. Ebler, and E. Fr6my 
observed that hydroxylamine soln. has a strong reducing action on meroury salt& 
The precipitate with mercuric chloride is at first yellow ; it then rapidly changes 
into mercurous chloride ; and if excess of hydroxylamine be present, it gives ofi 
gas, leaving mercury as a residue. M. Adams prepared mercury compounds with 
hydroxylamine analogous to the mercuriammouium compounds (4. 31, 31). 
N. B. Dhar studied the induced reaction involving the effect of hydroxylamine on 
the reduction of mercuric chloride by oxalic acid. Soln. of aluminium salts, say 
alum, give precipitates with an aq. soln. of hydroxylamine, insoluble in an excess 
of precipitant — vide supra, hydroxylamine — alum. According to A. Bonrath and 
E. Buland, oeric sulphate in the presence of sulphuric acid oxidizes hydroxylamine 
to nitrogen and nitrous oxide (69 to 73 per cent.). E. Ebler studied the action 
of hydroxylamine hydrochloride on tin salts. C. Ejellin found that staanous 
hydroxide and hydroxylamine react in accord with the equation: Bn( 0 H) 2 +NH 20 H 
-fH20=Sn(0H)4-|-NHs. W. Lossen noted that soln. of lead saltal— e.^. lead 
acetate— give a precipitate with hydroxylamine not soluble in an excess. A. Gut- 
mann represent^ the oxidizing action of hydroxylamine on sodium azsenite : 
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NH20H+NasABQ8BNa9AB04+NHB, wldoh nina ooncnurently with 3NH2OH 
^hler, G. von Enoiro ftnd K. Azndt, nnd E* A* Hoiinann 
and F. Klispert observed that vanadiom pemtoiido is redno^ by hydrozylamine 
with the evolution of nitrogen ; as indicated above, hydroxylamine was found by 
A. Ficcini to oxidise a snlphuric acid soln. of vtoadium bfandde into the tetroxide. 
According to A. Eurtenacker und F. Werner, alkaline eoln. of hydroxylamine are 
reduced quantitatively to ammonia by vanadyl salts, quinquevalent molybdenum 
salts, and ferrous sulphate. In dil. addio soln., cuprous sulphate and molybdenum 
sulphate have the same effect, ferrous sulphate and cuprous chloride arc without 
action, and vanadyl sulphate causes a catalytic decomposition into ammonia, 
nitrogen, and nitrous oxide. In very strongly acidic soln., only the molybdenum 
salt has any action, causing a slow but eventually complete reduction to ammonia. 
Cuprous oxide induces a slow catalytic decomposition of alkaline hydroxylamioo 
soln., the velocity of the action moreasing with the alkalinity. E. A. Hofmann 
and V. Eohlschiitter prepared a complex salt with metavanadic acid ; a drop of 
anhydrous hydroxylamine on powdered potassiam diduomate produces a violent 
explosion ; ammomum diduomate and chromic acid act a little less vigorously. 
F. Baschig noted that chromic acid and the chromates are reduced by soln. of 
hydroxylamine salts. According to A. Thum, a cold, neutral soln. of potassium 
C^mate is not changed by a soln. of hydroxylamine, but when heated, the colour 
darkens, and if a little sulphuric acid be present, gas is evolved and a brown pre- 
cipitate is formi‘d ; if more acid be added, the precipitate dissolves. G. von Enorre 
and K. Arndt found that with mercuric chloride in alkaline soln., nitrous oxide and 
nitrogen arc formed, and nitrites are produced. A. Eurtenacker and F. Wengefeld 
showed that in the oxidation of hy^oxylainine by potassium dichromato in weak 
acid soln., haU the hydroxylamine is oxidized to nitric acid, and the proportion of 
nitric oxide increases, and that of nitrous oxide decreases as the acidity of the soln. is 
diniinishrul ; in strong acid soln., the proportion of hydroxylamine oxidized to 
nitne acid sinks to about 25 per cent, and the gas produced is nitrous oxide ; and 
in alkaline soln., the formation of nitric acid is still further redue<>d, while the 
gaseous products are nitrogen and nitrous oxide. The oxidation of hydroxylamine 
is complete only in weak acidic soln. ; in alkaline soln., it varied from 47 to 64 per 
cent., and in strong acid soln., it was about 76 per cent. E. Francke studied the 
oxidizing action of chromic oxide on hydroxylamine. G. von Enorre and 
K. Arndt, G. Bertoui, W. Mcyeringh, and W. 0. do Coninck found that nitrous 
fumes and nitrogen gases are evolved ; and W, Lossen, that cbiomB-alum gives a 
precipitate with a sob. of hydroxylamine, not soluble in an excess of the precipitant. 
W. Meyeringh ])rcpared hydroxylamine chrome-alum. According to K. A. Hofmann 
and V. Kohlschiitter, molybdic, tuiigsticy and uranic acids, or molybdates, tung- 
states, and uranates, form complexes with hydroxylamine. The aotiuu of hydroxyl- 
amine hydrochloride on molybdates and tungstates was examined by E. Eblcr. 
A. Eurienackei and F. Wengefeld said that molybdic acid has no action on 
hydroxylamine in alkahne soln., but in acidic soln. it acts catalytically, forming 
ammonia, nitrogen, and nitrous and nitric oxides. According to A. Eurtenacker 
and B. Neusser, the decomposition of hydroxylamine in the presence of a vanadate 
in acid soln. yields nitrogen and nitrous oxide, the proportion of the latter first 
decreasing and then increasing with decreasing acidity. The simultaneous reduction 
of the vanadate takes place. In neutral soln., nitrous oxide only is produced, but 
in alkaline soln. a catalytic decomposition to nitric and nitrous oxides and nitrogen 
takes place, the proportions of the first two decreasing with increasing alkalinity. 
The oxygen in these gases must be derived from the hydroxylamine, and the latter 
is reduced to ammonia. When tho vanadate is replaced by ammonium molybdate, 
mtric oxide, nitrogen, and nitrous oxide are produced, the first-named decreasing 
in amount as the soln. passes from the add to the alkaline state. The evolution of 
W corresponds with about half the hydroxylamine used ; the molybdates behave 
hke the vanadates in strongly alkaline soln. A. Eurtenacker and F. Wengefeld 
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found that quinquevalent molybdenum, quadiiyalent yanadium, and bivalent iion 
reduced hydroxylamine to ammonia. 

C. A. Lobry de Bruyn found that when solid hydroxylamine is brought into 
contact with solid potanom pawnangnnuto^ there is immediately produced a white 
flame. F. Baschig suggested that the oxidation of hydroxylamine in dil. sulphurio 
acid Boln. by potassium permanganate passes successively through the stages ; 
dikydToxylhydrazinef 2(HO).NH.NH(OH), vide st/pra, iodine — dihydroxyldiimide, 
nitrous oxide and an iso-nitrogen tetroxide, which would have the constitution ; 

l>^4 


and which, on hydrolysis, yields nitric acid and nitrogen : 6N204-f 41120= BHNOg 
+N2. Complete oxidation to nitric acid cannot be effected with the peimangaiiate. 
In a dil. alkaline coin., F. Baschig suggested that tetrahydroxyUtydrazme, 
(110)2N.N(011)2, is formed and immediately broken down into nitrous oxide and 
nitrite. A. Kuitenacker and R. Neusser observed that the products of the reaction 
arc greatly inllneiiced by the acidity or alkalinity of the soln., and to a less extent 
by the cone. In acidic 01 strongly alkaline soln., potassium permangaiinlo oxidizes 
hydroxylamine to nitrous oxide, and nitric acid or a nitrate, but iu slightly alkaline 
soln., some nitrogen is produced. 0. A. L. de Bruyn found that anhydrous 
manganese salpbAte has no perceptible action on hydroxylamine— vide the nitrate 
and sulphate nf hydroxylamine. C. Kjellin found that the amount of aniinnniu 
produced by the action of manganese hydroxide on hydroxylamine is negligibly 
Riiiall. W. Feld prepared a complex salt with manganese sulphate. Alkaline soln. 
of potassium permanganate are reduced by hydroxylamine salts, and A. Thum said 
that the hydroxylamine is converted into nitrohydroylaminir arid : 


0 < 


N-OH 
N— OH 


as an intermediate product of the oxidation. The reaclion was studied by 

E. Franckc. F. Raschig, and S. M. Tanatar found that soln. ul ferric salts are 
reduced to ferrous salts by hydroxylamine salts, though W. Mcyeriiigh was able to 
prepare a hydroxylamine fcrric-alura. A, Kurtcnackrr and R. Ni'Uhsor found that 
the sole oxidation product with ferric salts in acidic soln. is nitrous oxide, but the 
action is not complete unless the ferric salt is present in mnsiderablc eveess. In 
neutral soln., a little nitrogen is produced, but in alkaline soln., the ferioiie hydroxide 
formed is oxidized by the hydroxylamine. A. Kurtenackcr and F. M'engefrid 
found tlip ferric hydroxide produces nitrous oxide and ammonia, calalytipally in 
alkaline soln. E. Franrke, W. K. Dunstau and T. S. Dymond, and F. Haber showed 
that if ferrous hydroxide be suspended in alkali-lye or in an ammoniaral soln., the 
hydroxylamine is reduced to ammonia, and red ferric hydrnxidr» is fnnued. If 
the product bo dissolved in aeid and treated with hydroxylamine, the ferric salt is 
reduced back to the ferrous state. E. Ebler and E. Bchott did not agree with 

F. Haber, but the discrepancy is attributed to F. Haber having used dil. soln. 
C. Kjellin represented the reaction ; H20+NH20Il+2Fe(0H)2=-NIl34 2Fe(0H)3. 
W. JjOBsen observed that leiTOUS salts give a precipitate with an aq. soln. of 
hydroxylamine, which is insoluble in au excess of the ])rcci})itaiit ; A. l). Mitchell 
said that the reaction, after the early stages, is directly jiroporiional to the cone, 
of the hydroxylamine and to the square of the cone, of the ferric chloride, and 
inversely proportional to the cone, of the ferrous sail, and to the square of the 
H-ion cone. It is assumed that the reaction is: 2Fc"‘+NH30HVFo"+2H’ 
+(N0 H,Fc,I 1)*"^N20, etc,, where the bracketed term represents on intermediate 
complex. The temp. cocS., 6*6 per 10^ is abnormally high. The salt effect is 
negative, lor the speed of the reaction is depressed by the addition of indifferent 
salts. W. Lessen observed that hydroxylamine gives a precipitate, insoluble in 
ezecssi when added to a soln. of uickd lulpbate. B, Uhlenhuth prepared a complex 
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gait. C. A. Lobry de Bruyn found that anbydioiis hydrazine is without action on 
anhydrous nickel sulphate, but anhydrous cobalt sulphate is transformed into a 
voluminous brown mass. W, Feldt prepared a complex salt with cobalt sulphate. 
Acrording to E. Fr6my, and W. Lossen, a prolonged heating is necessary for an aq. 
Boln. of hydroxylamine to reduce a soln. of platinum tetrachloride to tho metal. 
H. Alexander prepared some complexes with platinum salts and hydroxylamine — 
vide supra. 

Some reactions ol analytical interest. — The reactions of hydroxylamine are in 
many cases quite distinctive and are shown by relatively small quantities of the 
compound ; hence, they can be used lor its idcniiftcation. Hydroxylamine can 
he detected by its reducing action on alkaline or ammoniacal soln. of copper oxide, 
since it forms a red precipitate of cuprous oxide recognizable, it is said, if but one 
part of hydroxylamine be present in 100,000 parts of water. A. Angeli proposed to 
neutralize the soln. with cither hydrochloric acid or sodium hydroxide ; add about 
a milligram of sodium nitmprusside to about 2 c.c. of soln. in a Icst-tubc ; make 
the soln. alkaline wiLh about 1 c.c. of i\^-NaOH ; shake ; and warm the soln. 
ra])idly to lOO'’ on a wateT'balh. The presence of as little as O'Ol per cent, of 
hydroxylamine will give a magenta coloration. "W. C. Ball said that if hydroxyl- 
amine is boiled with a drop of yellow ammonium sulphide until siilpluir begins to 
separate, and then mixed wilh 2 or 3 c.c. of cone. aq. ammonia and the same vul. 
of alcohol, a purplc-rcd coloration sensitive to one part of hydroxylamine in 
500,000 parts of soln. will uitpcar. Hydrazine dors not show any coloration under 
the sanic conditions. E. IJambi'rgcr, and G. W. Pucher and H. A. Day, treated 
soln. with sodium acetate and benzoyl chloride when hy(liox> lammc foniis 
bcnzhydroxiinic acid wdiicli gives a violet-red coloration with ferric chloride. 
W. M. Fischer said lhai 0*CKX)05 per cent, of hydroxylaiiiinp in the iircsrnce of 
ammonium or hydrazine salts can be detected by adding 1-2 drops of 2J per cent, 
yellow ammonium sulphide soln., and 1-2 c.c. of ammonia to 1-5 c.c. of the soln. 
to he tested. In presence of hydroxylamine an unstable purple colour is developed 
in the soln. on bliaking in ])rescnce of air, and its appearance is greatly accelerat^^d 
by adding 1-2 drops of (MA^-niangaiious sulphate soln. which appears to act as an 
oxidizing catalyst. W. I), llirscliel and J. A. VerhoefI said that an ammoniacal 
soln. of diacetyliuouoximc in presence of hydroxylamine condenses to dimethyl- 
glyoxiiiie, which in presenre of nickel gives the well-known red precijdtato. A 
cone, of 1 mg. i)er c.c. of hydroxylamiue gives the precipitate at once in the cold ; 
for small quantities, it is necessary to boil, cool, and neutralize with acetic acid, 
and in this way 0-01 mg. ran be detected. C. A. Lobry d« Bruyn determined the 
free hydroxylamine in aij. soln,, by titration with standard arid, using methyl 
orange as indicator. Hydroxylamine can be determined in a soln. by adding a 
known amount of a substance — c.ff. ferric sulf^hate (W. MeyiTliiigh, A. Leuba, 
F. Kasehig, and L. Aniat) ; vaiiadic suli>hate (K. A, Hofmann anil F. Eiispert) ; 
silver nitrate (G. Deniges) ; or titanium trichloride (A. Stabler, W. C. Bray and co- 
woikers, and E. Kueclit)— and determining voluinctrirally the amount which has 
not been reduced in the remaining sobi. adding an excess of permanganate soln., 
and back titrating with arsenious acid (A. Thum, and K. A. Hofmann and 
F. Kiib])ort). It is also dctermiiipil by titration with a standard soln. of jiotassium 
pennaiiganato after tho arlditiini of soilium oxalate (L. J, Simon) ; and by titration 
nt the alkaline soln. with increuiy acetamide (M. 0. Forster). H. 0. Jones and 
F. W. Carpenter poured the hydroxylamine into an ammoniacal soln. of cojqier 
oxide, or one of copj)er potassium carbonate (A. Ruhlaiui). Tlic mixture was boiled 
and the precipitated cuprous oxide filtered, washed, and added to a solii. of ferrio- 
alum in a flask filled up with carbon dioxide. The resulting ferrous sulphate 
was titrated with polassium permanganate. 

The oonstitntion ol hydroxylamme. — ^Analyses, and the mol. wt. determination 
by the f,p. method agree* with the empirical formula NH3O, which may be repre- 
sented graphically by H^N--0, or H2=N— OH, according as the nitrogen be 
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quinque- or tmalent. It ia generally aappoBed that hTdroxylamine has a con- 
Btitation related to that of ammonia, with but one hydrogen atom of the ammonia 
replaced by hydroxyl. This agrees with its formation from nitric acid: 
HO— N02+6H->H0— N^-|-3H20 ; a reaction analogous with the formation of 
amine bases from the nitio-compounds R— N02+6H->R— NH2+2H2O ; and, 
like the amines and ammonia, hydroxylamine unites directly with aci^ to form 
salts. If hydroxylamine be constituted H2=N— OH, the hydrogen atoms arc not 
of equal value, since one is not related to the nitrogen atom the same as the other 
two. Consequently, the compound might be expected to yield two difierent sub- 
stitution products, according as the hydrogen of the hydroxyl group or the hy ilrogcu 
of the amido- or NH2-group be replaced by an eq. radicle, H. Remy, and H. Hen* 
stock discussed the dectronic structure. W. Lessen worked for many years Vcber 
die Strukturformd des Hydroxylamins und seiner amidartigen Demote, At first, it 
was thought that just as the acid chlorides — ^like benzoyl chloride, CQH5CO.GI — react 
with ammonia, forming acid amides— like benzamide, CBHgCO.NH2^^ symbolized: 
C||H5CO.ClH~2NH3->CQH5GO.NH2+NH4Cl,Bodo acid chlorides react with hydroxyl- 
amine, giving what are called hydrozylmnic acids-^ide tn/ra— or, as A. Werner 
prefers to call them, hydroxamic adds— for example, with benzoyl chloride, 
benzhydroxitnio acid, CoHsCO.HNOH, is formed : CeH5C0.Cl-|-2NH20H 
->Cq 1[5G0.NH20-|-NH20H.HC1. From this point of view, the hydioximic acids 
bear the same relation to hydroxylamine as the acid amides bear to ammonia. By 
a similar reaction, a second and third group have been introduced into hydroxyl- 
amine, forming the di- and tri- substituted hydroxylamiiies. By boiling these 
substituted compounds with dil. hydrochloric acid, hydroxylamine is restored. 
Dibenzhydroximio add should have two isomeric forms in accord with the fact that 
there are two kinds of hydrogen atoms in hydroxylamine — namely BH=^N— OR 
and R2— N— OH — and in agreement with this, two forms were found to exist. 
All this agrees better with the formula H2=N— OH than with H3=N=0 ; but the 
different isomers of the tri-substituted acids weakened confidence in the argument. 
Only one form of irtbetashydroxylamine, (CbH5)oN.0Cb H5. should he possible, 
whereas three isomers are known to exist ; again, two dibenzanisyUkyiroxylamiTii^ 
are theoretically possible— R6 Rb=N—0Rb and UftEB^N—ORn— whereas three 
have been actually found. Consequently, either the fundamental assumption as 
to the constitution of hydroxylamme is wrong, and each of the three hydrogen 
atoms has a different substitution value, or else the constitution of the base changes 
when its hydrogen atoms arc replaced by three radicles, so that each of the three 
nitrogen valencies acts in a different manner. In later years, W. Lessen came to 
the latter conclusion ; he supposed that the muuosubstitution product has a con- 
stitution typified by 


r H ^ <N.0H 


and not by C8H5.CO.NH.OH. The two tautomeric forms suggested by the first 
two formulas ^ve not been discovered, and the experimental evidence does not 
decide which of the two is preferable, for, as N. Y. Bidgwick has said ; “ There are 
arguments of no great weight on either side.” With either structure, it follows 
that the hydroximic acids are not formed by reactiuns analogous with the action 
of acid chlorides on ammonia. In each case, a transient addition product is probably 
first formed, and this breaks down into hydroxiiuio acid and hydrogen chloride, 
thus: 

In this manner, it can be seen that although the three replaceable hydrogen atoms 
may appear to have a different position in the mol., the oases of isomerism, inex- 
plicable on the first hypothesis, can be readily explained without aMuming that 
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hydrozylunine itadf has a Btraotnie different from that generally accepted, viz. 
H, ssN— OH. The subject was diBcussed by A. Hantzsch and A. Werner, 
B. Behrend and E, Konig, E. Auwers and V. Meyer^ L. W. Jones, and 
A. Michael. 

S. S. EolotoS supposed that because he could not make the reaction 
NH20H+Nfl3->N2H4+H20 progress by heating the mixture under difierent 
conditions, hydioxylamine does not contain a hydroxyl group. This argument 
docs not appear to have much weight. E. Wagner tried to explain the oxidizing 
and leduoing properties of hydroxylamine by assuming it to bo derived from 
hydrogen dioxide by the substitution of one hydroxyl group by one amido-gioup. 
This would make the formula of hydroxylamine depend upon that of hy£:ogen 
dioxide. If the latter be HO=OH, that of hydroxylamine may be supposed to be 
H2N=0H ; and if H2=0=0, hydroxylamine may be supposed to be HgN^O. 
The optic^ measurements of R. Bach, and J. W. BrilU make the formula 
H2N : NH2 for hydrazine and of H2N— OH for hy dioxylamine improbable, E. Eblor 
and E. Schott have brought forward evidence to show that both the constitutionBl 
formula} H2-N— OH and ]fa^N =0 may be correct under special conditions. 
Thus, F. Haber regarded hydroxylamine to be constituted H2=N— OH when it 
acts as a reducing agent ; and as H3 -=N =0 when it acts as an oxidizing agent. 
E. Eblcr and E. Schott concluded that there is a kind of desmotropism. In alkaline 
solutions, hydroxylamine plays the role ol an amidiMicid H 2 - N— 0% 
and acts as a ledncing agent ; while in acid solntions, it behaves like basic 
ammonia oxide H2=N=0, and acts as an oxidizing agent In the latter case, 
hvdroxvlaniinc salts resemble the oxonium compounds in containing a quadri- 
valent oxygen atom. 

Hydnaylamlnff nltratfl. Sodium h\arDX7lamulB 

[H>drozylaminB a bass.] [U^drowlamlne an arid ] 

The formation of oximes and hydroximic acids from hydioxylamine, and of, say, 
ethylnitTolic acid, CHb.C(N 02)N0H, from dibromonitroethane, CH3.CBr2(N02), 
and hydroxylamine, observed by V. Meyer : 

-KO. 

and the formation oliao-diaizohenzene, CBH5.N : NOH, frommtrosobcnzene, CqHbNO, 
and hydroxylamme, observed by E. Bamberger and E. Renauld : 


C.Hb-N- 5 1-Ha CgHa-N«N-OH 


favour the amido-foimula, and these reactions all take place in alkaline solutions. 
In these cases, hydroxylamine is not an oxidizing agent in the sense of the reaction 
UsN^O-^NUs-j-O, but it appears to act in this way in acid solutions. For 
instance, hydroxylamme oxidizes a sulphuric acid soln. of vanadium sesquioxide 
to vanadic acid, and it exerts a similar action on the sosquioxides of titanium and 
molybdenum : 

H.N=l^‘'n,6j->NH,+2TiO, 

Aioooiding to B. M. Tanatar, also, Bulpliurons acid is oxidized to snlphuiic acid by 
bydioz^amine hydroohloride, oud the latter is at the same time reduced to 
ammoma : U,S08+IIH80.HC!1->(NH4)HS04+HC!L Several organic compouuds, 
too, are oxidized in an analogous manner. Just as hydrogen dioxide can be regarded 
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M B reduction product of oxygen ( 1 . 14 , 13 ), bo, in acid soln., hydioxylamine u 
formed as a reduction product of the nitric oxide 

0=0+2H->0=0<J; 0=N+3H^0*=N-<^H 

and not ns an oxidation product of ammonia or hydrazine. 

Doubled fonnulce liko Ihat of J. Donaih ; and the imaginary 

anhydride 11 b=N— 0-‘N>=]l| of K. Divers were abandoned after C. A. Lobiy de Bruyn 
liad determined the mol. wt. of h> droxy lamiiie to be 33. 
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§ 21 The Balts ol Hjrdroxylaixime 

The preparatiDn of normal hydloiFlamine chloride, (NHaOH)Cli or, as it is also 
represpiited, NU2OH.HCI, hydroxylamine hydrochloride or chlorohydrate, has been 
indicated in connection with the preparation of hydroxylamine by the reducing 
action of hydrochloric acid and tin, or stannous chloride on nitric acid, or nitrites ; 
and electrolytically. W. Lohsen ^ also obtained it by the neutralization of the free 
base with hydrochloric acid. M. Adams obtained the salt by double decomposition 
between barium chloride and hydroxylatnine sulphate. W. L. Semon used 
a modification of E. Divers' process in which tlic conversion of sodium 
carbonate, first into a mixture of hydrocarbonate and hydrosulphite, and then 
into hydrusulphito alone is carried ont prior to the addition of the sodium 
nitrite, as a result of which the time required for the complete operation and the 
amount of cooling necessary are considerably reduced. Further, the sodium 
hydroxylaminedisulphonate is converted directly into acetoxime as recoinmcudcd 
by F. Kaschig, and this is then hydrolyzed by hydrochloric arid and the required 
hydroxylamiac hydrochloride obtained after distilling oil the acetone as indicated 
by A. Janiiy. Dndor these conditions, a product is obtained free from ammomum 
salts and with a yield of 5.V77 i>er cent . — vide supra, hydrozylamine. Tt was 
also prepared by P, J. EichkoS. 

The salt occurs in thin plates by cooling the hot, sat., alcoholic soln. ; in 
small crystals, by the slow evaporation of the soln. ; and in plates, by the 
cone, of its aq. soln. The monoclinic prisms were found by V. von Lang 
to have the axial ratios a : & : c=2*0108 : 1 : 3028, and J3— 02'^ D7'. The crystals 
show no crystallographic relations with those of ammonium chloride, although 
0. Lehmann said that the two salts crystallize in regclmdssiger Avlagerung. 
H. Schiff and U. Monsacrhi gave 1-676 for the sp. gr. at 1771°; and for 
the soln., they gave D=14*0-0()425io+0*0595w^, where w denotes the percentage 
content ol hydroxylamine chloride in the soln. During the dissolution, there 
is a contraction of — 0'432 with soln. containing 40 per cent, of salt — sp. gr. 
1*1652 — ^an expansion of 0-192 with 20 per cent. soln. — sp. gr. 1-0H88— and 
an expansion of 0*201 with 10 per cent. soln. — sp. gr. 1-0437. G, Tam- 
mann found the vap. press, of water by soln. with 10-18, 19-80, and 34-24 
grms. of salt per 100 grms. of water to be depressed 34-2, 05-6, and 109*5 mm. 
respectively. W. Lessen said the salt does not lose weight when dried at 120° 
over cone, sulphuric acid ; and it melts at about 161° with rapid decom- 
position, forming water, hydrogen chloride, ammonium chloride, nitrogen, and 
possibly nitrous oxide. P. J. Eichkoil said that it melts at 151° and decomposes 
at a higher temp. ; W. H. Koss gave 157° for the m.p., and represented the 
decomposition : 3(NIl30II)Cl=-NIl4Cl-|-2HCS-f N2+31l2^- Berthelot gave 
(2H2,d[,Nl,0) — 70*8 Cals, for the heat of formation ; and J. Thomsen, 18-5 Cals, 
for the heat of neutralization with hydrochloric acid. U. Bemy measured the 
electroljrtic transport of water in soln. of hydroxylamine hydrochloride, E. Ebler 
studied the mol. Aspersion of aq. soln. of hy^oxylamine hydrochloride. W. H. Boss 
gave for the electrical conductivity, /a, at 18°, in terms of mercury, with soln. of 
vol. V per mol of salt : 

V . . 2 6 10 20 60 100 600 1000 5000 10,000 

fi . • 73-3 80-6 86-6 900 95-8 98-9 lUl-5 107*6 111-6 112'4 

E. Divers and T, Haga noted the padual decomposition of the salt when it is 
impure. The salt readily disaolves in water and there is a marked fall of temp.p 
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and H* Bohifl and U. Monsacchi said that at 17^ 100 parts of water dissolve 63-3 
parts of salti The dried salt is only sparingly soluble in absolute alcohol j and 
is precipitated from its solo, by ether. The hydrolysis of the aq. soln. observed 
by K. Winkelblech, and V. H. Veley has been discussed in connection with the 
base itself. The same remark applies to the actions of hydroxylamine hydro* 
chloride on hydrogen dioxide, by C. Wurster; on alcoholic hypochlorites, by 
W. U. de Coninck ; on the alkali nitrites, by 8. M. Tanatar ; on soln. of copper 
salts by Q. von Knorre and K. Arndt, and E. Ebler ; on acid soln. of ferric salts, 
by W. Meyeringh ; and on the salts of silver, gold, cadmium, mercury, bismuth, 
tm, and arsenic, and on the molybdates, tungstates, and vanadates by E. Ebler. 
W. Lessen, and E. J. Maumend found nitric oxide and other gases are given oS 
when the chloride is triturated with cupric oxide. Ammonium chloride was 
produced by the oxidation of crocionic acid by hydroxylamine chloride (B. Nietzki 
and T. Benckiser), of oxanihranol (E. von Meyer), and of triphcnylviiiylalcohol 
(H. Blitz). J. A. Muller found that the hy^ochloric acid in hydroxylamine 
hydrochloride can be titrated with standard sodium hydroxide by using phenol- 
phthalein as indicator provided carbon dioxide is absent The free base docs not 
act on that indicator. 

By mixing a soln. of 42 grnis. of hydroxylamine hydrochloride, in 48 c.o. of 
water, with a soln. of 20 grins, of hydroxylamine in 2G0 griu^. of absolute aLohol ; 
washing the procipitatr with alcohol, then with ether, and finally drying in a current 
of air, W. Lassen obtained hydroxylamine hemichloride, 2 NH 2 OII.IIUI. It is also 
called basic hydroxylamine hydrochloride. He obtained the same product by adding 
ether to the mother-liquid obtained in preparing the normal chloride. The salt 
appears in rhombic prisms when a soln. in the smallest possible amount of hot water 
IS cooled, or when the soln. is evaporated over cone, sulphuric acid. The crystals 
pri'cipilatod by alcohol are tabular. The salt melts at about 65'’ with the evolution 
of gas The crystals are deliquescent in moist air ; and they aie slightly soluble 
in alrohol, but not in ether. The aq. soln. gives ofi hydrox 7 laimue at ordinary 
temp. W. Lossen also reported hydroxylamine ditritachlorido, 3 NU 2 OH. 2 IICI, 
to be formed from a mixed soln. of the normal and the hemichloride. Th(‘ rhombic 
crystals nicll at about LI5'’ with the evolution of gas. The hemichloride crystallizes 
from an aq. sulu. of the ditrilaeliloride The deli([uescei)t crystals are but spariugly 
sululde m alcohol, aud insoluble in ether. W. It. Duristan and E. Gouldiug stated 
that the evidence in favour of the existence of tliis product as a chemical individual 
is not free from objecliuns. 

M. Adams prei)arrd normal hydroxylamine bromide, NHoOll.lIBr, by adding 
barium bromide to a soln. of hydroxylamine sulphate iu excess. The filtered 
soln. was evaporated to dryness, and the residue extracted with absolute alcohol. 
The purified crystals arc stable in the absence of air ; the impure crystals become 
brown when exposed to light. The salt is readily soluble in water, and insoluble 
in other. It is a stronger reducing agent than the chloride. II forms double 
Balts with mcicury and cadmium bromides. M. Adams prepared hydiOxylEmine 
hemibromide, 2 NIl 201 I.IlBr, or basic hydroxylamine bromohydratc, by adding 
hydroxylamine to a cone, alcohobc soln. of the normal salt ; and by tlie action 
of the normal salt on mercuric oxide: IIg0+4(NIl20U.IIBr)-l[gBr2+Il20 
+2(NH20H)2HBr. The white tabular crystals are readily soluble in water, but 
insoluble in ether or ligroin. 

B. Wolfenstein aud F. Qroll made normal hydroxylamine iodide, NH 2 OH.HI, 
m colourless needles, by evaporating a soln. of eq. proportions of hydroxylamine 
and hydriodic acid, in vacuo, at 26°. The salt was also made by M, Adams, who said 
that the salt is very unstable, deliquescent in air, and furnishes a yellow soln. The 
instability, said W. K. Dunstan and E. Goulding, is due to the reducing action of 
hydrogen iodide on hydroxylamine, E. Wolflenstein and P. GruU recrystallized 
the salt from methyl alcohol. When warmed, iodine separates, and at 83°-84°, the 
Balt decomposes with explosive violence. W. B. Dunstan and E, Goulding prepared 
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ludiozylamme heiniiodidBt 2 NjE 40 H.HI, by evaporating an alcoholio Boln. 
of eq. proportions of hydroxylamino and methyl io^de or hydriodic acid, or by 
evaporating the mother-liquid obtained in the preparation of the tritaiodide ; 
M. Adams obtained it from an ethereal solu, of the normal iodide. The tabular 
crystals are deliquescent ; they are readily soluble in water, and in methyl or ethyl 
alcohol, but are not soluble in ether. When recrystallized from water, iodine is 
set free. The aq. soln. is acid, and is a strong reducing agent. The salt is best 
recrystallizod from methyl alcohol, foe then only a very small proportion of salt 
is decomposed. W. R. Duiislan and E. Gouldiiig could not make the 3 : 2 salt : 
hydroxylamim diirilaiodide ; but they obtained hydroxylamilie tritaiodidCt 
3NU2OH.III, by dissolving theoretical proportions of hydroxylamine and hydriodic 
acid in methyl alcohol, and fractionally precipitating the salts with ether so 
as to separate the normal and tritaiodides. 0 . Filoty and 0 . Ruff made the 
salt by the action of butyl iodide on hydroxylamine. W. R. Dunstan and 

E. Goulding said 1 liat the white tabular crystals are stable in dry air. 0 . Filoty and 
0 . Kufi gave 103 '^- 101 ° for the m.p. According to W. R, Dunstan and E. Gould- 
iiig,ataboutl(X)“,th(‘saliRuddenly decomposes: SNIIaOII.lII— NII4I+N2+3II2O ; 
when recrystallizcd from hot methyl alcohol, or from water, there is a loss of 
hydroxylamine and the hemiiodide is formed ; the tritaiodide is produced if an 
excess of hydroxylamine be always present. The aq. soln. has an acid reaction, 
and is a strong reducing agent. 

W. Losaeu jjiepELred normal hydroxylamine snlphate* (NH2011]2H2S04, by 
evaporating a mixture of the normal chloride with the calculated quantity of sul- 
phuric acid, and extracting the residue with alcohol. The methods of B. Frribisch, 

F. Raachig, E. Divers and T. Haga, J. Tafel, and C. F. Bohringor—indicateil iu 
connection with the ifrpparatiou of hydroxylamine — can be employed. W. Lossen 
saidthattliecoolingof thehot aq. soln. furnishes prismatic crystals, which, according 
to V. von Lang, belong to the monoclinic system, and, according to J. II. E.Dathe, 
to the tnclniic system. W. Lossen found that the sulphate dried over cone, 
sulphuric acid does not lose iu weight at llO’’, and mrdts with dccomposiUon 
at about 170 ° ; S. S. Kolotefi found a loss in weight orcurs between 125 ° and 130 °, 
and added that the loss is rapid at 136 ° ; and K. Freibisch gave 140 ° for the m.p. 
and the temp, of decomposition: 4(NH20II)2H2S04=4(NH4)HS04+N2-f2N0 

6Un(). W. H. Ross gave 163 ° for the m.p. and represented the accompanying 
decoiiiposilion ; 3(Nll3 011)2804=- (NH4)2S04-( 2S02*f2N204-8n20. J. Thomsen, 
and M. Bcrthelot gave for the heat of foimation, (N2, 4112 , 8 , 302 ) ^ 280*20 Cals., lor 
the heat of neutralization (NH2OII, ^112804)= - 10*79 Cals. ; and for the heat of 
snln., —5 8 Cals, (M. Berthelut) or — 9-6 Cals. (J. Thonibcn). J. Tafel found that 
electrolytic reduction of hydroxylamine occurs at the copper cathode, only when 
the cone, of the sulphuric acid about the cathode falls lieluw a certain critical 
value— inde supra, hydroxylamilie. W. 11 . Ross gave for the clcctncal con- 
ductivity, [i, at 18 ° in teniiB of mercury with soln. containing a mol of salt iu ovols. 

u . . 6 10 20 50 100 500 1000 5000 10,000 

H . . G3-8 71*6 80 5 02*0 97*7 100-3 113*0 11 SO 120*3 

E. Divers and T. ITaga said that the salt is not hygroscopic, but H. Schroder said 
that when triturated, the powder becomes moist owing to the decomposition 
brought about by the friction. The salt is soluble in water ; E. Divers and T. Haga 
said that 133 parts of salt dissolve in 100 parts of water. M. Adams found that 
100 grms. of water dissolve S grm. of salt : 

-8" 0" 10’ 20- 80* 40" BO" BO" 00" 

8 . . 30-7 32*9 36-6 41*3 44*1 48-2 52-2 56*0 GS-5 

R. Freibisch found the salt to be insoluble in alcohol and ether, and M. Adams 
said that wheu dry, the salt is insoluble iu absolute alcohol and almost insoluble 
in 95 per cent, alcohol. W. Lessen found that alcohol precipitates the salt in 
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heedlra from its cono, aq. sola. The aq. solu. haa an acid reaction, but B. Frcibisch 
found that it would not drive carbon dioxide completely from the carbonates in 
tbe cold. The reactions indicated in connection with hydroxylamine were often 
produced by the sulphate. The reducing ad ion ou the iodates, bromates, and 
chlorates was discussed by D. Vitali, M. Sclilritter, and P, Jannasch and 
A. Jahn. Similarly, C. WurstfT discussed the oxidizing action of hydrogen dioxide. 
According to B. Preibisch, the crystals dissolve in cone, sulpliuric acid without 
developing any gas. J. Tafcl said that the sulphate is so stable in 50 per cent, 
sulphuric acid, that the soln. can be warmed to 40*^ without decomposition. 
A. Angoli and F. Angelico studied the decom])osition of hydroxylamine sulphate 
by jiersulpliates. 11. Preibisch found a copious evolution of gas when hydroxyl- 
amine dissolves in cone, nitric arid. J. Tafol found that a soln. of hydroxyl- 
amine sulphate in 50 jier cent, sulphuric acid is not changed in tbe cold by the 
addition of 50 per cent, nitric arid ; a soln. of 0*64 grm. of hydroxylamine sulphate, 
0 'G 5 grm. nitric acid, and 10 c.c. of 50 per cent, sulphuric acid is not changed by 
keeping 7 hrs. at 15** ; when warmed to 41®-42“, inueh gas is given off ; if 10 per 
cent, sulphuric acid is use d, decoiii])ositiDn occurs at 2i“-27° ; with 30 ])er cent, 
sulphuric arid, decomposition begins at 100 '* with explosive violence, V. Meyer, 
and W. Wislicenus discussed the action of nitrous acid or nitrites — vide, hydroxyl- 
amine. R. Preibisch found hydroxylamine buliihate is not perceptibly altered 
by enne. aq. ammonia ; but it dissolves iu soda-lye, and the soln. smells of ammonia. 

J. Tiifrl found that a soln. of hydroxylamine f>ul|)hatc in 50 per cent, sulphuric aoid 
is quite stable in the presence of powdered cu])pcr sulpliatc or metallic copper. 

K. I’rcihisch said that sDver nitrate produces a white precipitate and when ammonia 
is added much gas is evolved, and silver is drposiLetl. (las is vigorously evolved 
when the aq. soln. of hydroxylamine sulphate is treated with potassium dichrnmate 
—the gas eoiitains nitrogeu and nitric oxide in the ratio 1 : 2 . A similar evolution 
of gas occurs with manganese dioxide and sulphuric acid. These reactions were 
also siiulicd by 0. Bertoni. Complex salts with the metal sulphaiea were studied 
by W. Meyeringh, M. Adams, and E. Knovenagel and E. Ebler. 

J. Tafcl bfdieved that the soln. of hydroxylamine sulphate m DO per cent, sul- 
phui ic acid contained a salt Nl] 2 OII.H 2 SO 4 . hydroxylamine hydrosulpbate. A. Lidoff 
obtained this salt by the action of hydrosulphuioiis acid on potasMUiii nitrite ; and 
E Divers, by digesting the normal chloride with the cal(*ulat('d quantity of sulphuric 
acid, and evaporating in cold air. The piismutic crystals are very deliquescent. 

According to V, Meyer, no hyihojyUminf^ carhotiute has been jiroduced; but 
H. Goldschmidt and K. L. Ryngros prepared complex carbonates with zinc, man- 
ganese, iron, and nickel salts. W. Lossen treated hydroxylamine clilondc with 
silver uilrato or hydroxylamine sulphate with barium nitrate, and on (evaporating 
the filt(*red soln. obtaiued an oily liquid, which M. Bcrthelot and (}. Andre cooled 
to — 10 °, and obtaiued a white, hygroscopic mass of hydroxylamine nitraieb 
NH 2 OH.HNO 3 . W. H. Boss could prepare only a viscid colourless liquid which 
he obtained by distilling the aq. soln. at 20 mm. press., and drying over phosphoric 
oxide. The salt melts at 4 ft°, and decomposes at 100 °, forming nitrogen, water, 
and oxygen. The heat of soln. is — 5*9 Cals., the heat of neutraLzation, 9-2 Cals. ; 
and the reaction NH 2 OH.HNO 3 — N 2 -I-O 2 + 2 H 2 O develops 51-4 Cals, at constant 
vol, or 50-3 Cals, at constant press. Hence the heat of formation is (N,3H,0) 
=B6-4 Cals. W. H. Boss found the electrical conductivity, /a, at 18° on terms of 
mercury for soln. with a mol salt of in v vols., to be : 

V . 6 10 20 50 100 500 1000 6000 10,000 

H . — lOO'T 112-0 119 1 122-8 127 1 129 9 1.34-0 135-5 

The nitrate has a greater conductivity than the chloride which would not be ex- 
p(‘cted from the behaviour of the corresponding salts of the alkalies. L. J. Simon repre- 
sented the reaction with potassium permanganate by 2 KMn 04 + 5 (NIl 20 Il.HN 03 ) 
=2Mn(NO3)2-|-2KNO2+2N2O-f-10H2O. W. Lossen reported normal hydroxyl* 
Bmine orUi^bosphato, (NH 2011 ) 8 .H 3 F 04 , to be formed by mixing aq. soln. 
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of hydroxybminc chloride or sulphate and disodium hydiophosphate ; and 
V. Kohlschiittcr and K. A. Ilofmi^, by mixing barium hydrophosphate and 
bydroxylainine sulphate, and adding alcohol to the tiltorcd liquid ; metaphosphorio 
acid neutralized with ammonia and mixed with hydroxylaminc chloride furnishes 
this same salt. W. Lossen obtained small cryslals which give only a syrupy mass 
when the aq. soln. is evaporated. W. H. Ross found that when the salt is heated 
in vacno its decomposition is represented by 2(NH2UH)3.H8P04=6NH20H+U20 
-f H4P2O7. The electrical conductivity, ji, at 18 ° in terms of mercury lor soln, 
with mol a of the salt in v vols. is as follows : 

V . , 6 10 20 f)0 100 600 1000 6000 10,000 

M . . 10*8 22 0 23 0 24-7 25-5 26 4 26-6 27-0 27-1 

The salt is only sparingly soluble in water, and according, to W. H. Ross, readily 

forms supersaturated soln. According to M. Adams, 100 grms. of water dissolve 
S grm. of salt ; 

0* 10" 20" 80- 40- BO* tM)" 70" BO" BO" 

S , 1-2 1-5 1*0 2-8 4-0 6-5 7-7 10-2 13-3 16-8 

The hot aq. soln. reacts feebly acid. Dry aiiimouia gas liberates hydroxylainine, 
forming ammonium phosphate. The analogous ammonium salt, (NHajs IfaPO^, is 
difficult to prepare, and the hydroxylamine salt may be constituted : 

L. J. Simon represented the reaction with poiassium permanganate ]2KMn04 
+K){(NH20H)3H3P04} -- 4 Mn 3 (P 04)2 + 6KH2PO4 + 2K2IIPO4 + 2KNO2 H 2ON2 
-f 3 N 20 -| - 891120 . A. P. Saban^eff obtained hydrinxylamine dihydrophosphate, 
2NH2OH.H3PO4, or (NH30H)2HP04, from monohydroxylamine phosphate by 
treatment uith alcohol. 
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§ 25. Nitrohydnaylaminio Adfl 


Tf a Boln. of hydroxylainino and sodium hyilioxide in methyl alcohol be treated 
with methyl nitrate, a white powder is precipitated ; it appears to be the sodium 
salt of on unstable acid— nitrohydxozylan^c H2N20^and it has the 

em])irical formula Na2N203. A. Angdi ^ has prepared a whole series of similar 
salts — e.g, potassium, alkaline earths, lead, cadmium, and cerium nitrohydroxyl* 
animates— «nd also some inorganic esters— 7* H(C2H5)N203 ; H(C0H5)N2O3 ; etc. 
The reaction between methyl nitrate, CHs-NOs, and hydrozylamine probably 
progresses: 

CH,.0-N<q+ 2 - N.0H-^H,0+Cn,.0-N>s;2 QJJ 

Methyl nitrate. Methyl nltrohydroxylamiimte. 

and sodimn nitrohydraxylaminate, NaO.NO ; N.ONa, is formed by the displace- 
ment of the methyl group and hydrogen by sodium. The various reactions of the 
sodium salt agree with the structural formula : 


NaO N 


0 

N— ON» 


NftO-N -0 
“ NaO— N 


If the sodium salt be treated with a mineral acid, there is a brisk eServcscence, and 
•»itric oxide is evolved Il2N20j->2N0+lJ20, hence the compound has been regarded 
as a hydrate of nitric oxide. In this respect, nitrohyilroxylamiiiic acid is brought 
into line with sulphurous aud caroonic acids, both of which give the corresponding 
anhydrides when their salts are treated with acids ; 


Sulphurrmii ai?ld. 


CBibonlc icld. 


HO. 1,, „ H&-N=-0 

jlQ>Nir) or 

Kltrohydrozylaininir boid. 


Four years earlier than A. Angeli, A. Thum had found evidence of the existence of 
what he called azoxyhydroxyl : 


o<n-oh 

()1[ 


but was unable to isolate it. A. Angeli and co-workers found that when sodium 
ui trolly droxylaiuinate is exposed to air, oxygen U rapidly absorbed, and a mixture 
of sodium nitrite and nitrate is formed. If a soln. of the sodium salt be allowed 
to stand in the cold, nitrous acid is slowly evolved ; and if boiled, half the total 
nitrogen in the saltfonns nitrous oxide, and half sodium nitrite : 2 (NaO.N : NO.ONa) 
+llis0->N20+2NaN02+2Na0H. When the sodium salt is wanned, it melts to 
a greenish liquid, forming a mixture of sodium nitrite and hypouitiiic : 

lNaO.NNO.ONa NaO.N NaO.NO 

iNaO.N:!NO.ONa‘^NaO.N"''NaO.NO 

and the nitrous oxide formed in the previous reaction may be derived from sodium 
liyponitiite formed as an intcniiedistc product of the deconijJOhition. A. Angeli 
and F. Angelico prepared potassium nitoh;dioxyIaimiiate,KoN203. F. Angelico 
and S, Fanara could not prepare ammonium nitrohydroxylaminaiCf or hydrazine 
nilrohydroxylaminate. When the sodium salt is treated with silver nitrate, yellowish 
silver nitrohydroxylaminate, AgO.N : NO.OAg, is formed, but being very unstable, it 
immediately breaks down into silver, nitric oxide, and silver nitrite : AgO.N ; NO.OAg 
->Ag+N0+AgN02. A. Angeli and 6. Marchetti think that silver hyponitriie 
is formed os an intermediate product. The silver salt can be kept at a temp, 
below 0 ° for some time without decomposition. A. Angeli and F. Angelico, and 
F. Angelico andS. Fanara obtained caldlimmtEOliydroxylaimil8te» CaNgOs-S^HgO; 
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■trontfaim nitndvdmylaiiiiiiato, SiNtO|.l^n£0 ; and baziom nitndiydniiyl- 
amiiiAto, BaEsOs-BsO. F. Ang^co and S. Fanara prepared iMdwiinm nitio. 
lipdfl^]amiDate> CdNgOg-HgO, bj mixing equimular quantitias of the eodhim salt 
andcryetallinccadinium s^phate. It reaemblcatho barium suit. It begineto decom- 
pose at 110°, and is completely decomposed at 200 °. The salt becomes anhydrous 
at 100°. A. Angeli and F. Angelico prepared a basic cerium nitrohydioxybuniiuiteb 
CP2(N203)j|.Ce(OH)g ; and lead nitiohydiozylBimnate, PbUgOg. Again, when 
sodium nitrnxylaminate is allowed to react with an aldehyde, say acetaldehyde, 
€9fg.CGH, a sodium salt of BoetohydroziiniD add is formed : 


Acetaldrli) do. Au^lolO dioUiulc «cld. 

Tlie rpktivc pro j)ort ions of the two end-products show that the generalized 
Tcaclion, so to speak, can be written UO.N:NO.O->IIN02+NO. The salt of 
acctohydniMinic acid so obtained is hydrolyzed by boiling with acids, and hydroxyl- 
amine and an organic acid (acetic acid, CH3.CO.OH) arc formed : 

Acrtho> druxltiilc arid. Acetli ai Id. 

The resultant efTect, the end-products of the action of nitrohydroxylaminic acid 
on aldehyde can be generalized, so to speak, in a syinbolic f(»rm by the equation ; 


N-OH 

NO-OU 


+H,0^ 


NH/)H 

ILNO, 


+0 


for the oxygen atom has transformed the aldehyde group ('O.TT into the acid 
group CO.OIJ. These reactionb arc particularly luterosling for they show that the 
ueid and its salts cau decompose in at least six diiTeient ways wliu li A. Angeli and 
F. Angelico sumiiiaiize : 


(a) 

N) 

(0) 

(«} 


2 IlgN,0,= 

+2IT,0 


MN0}2H,0 
2nN()a-f 2N()+JI, 
2UNO i2NOH , 
2HM); l^,0 I 11,0 . 

IMINO. I ll.NgO, 
UllNO] f2Ml,OtI \ 0, 


Ficp [if id. 
iSllvf’l blllt. 
Snillilifi (null. 
SiiiJiuin Bult. 
Sodium salt. 

Via liydioxiiuir and 


Nitroyl, KOH. — A. Angeli in his extensive studies, TJcIftr eimge sauostoffhaliigc 
Vinb^fidunyin dis StichsioJJs (Stuttgart, found it i on\eiiient to call the group 
HOH, nUiOsyl, a rather unfortunate term because the same word has long been used 
for the monad radicle NO; consequently, the term nUtofyl, or niUoyl^ hap been 
recommended in place of A. Angeh’s mtrosyl. This group ran act as a dyad 
radicle, forming with the aldehydes, H.COH, a hydroxuninic acidi K(OU)C- NQH 
{vide supra)j whirh recalls the union of oxygon with an aldehyde to form an acid — 
e.g. acetaldehyde', CH3.COII, unites with an atom of oxygen to form acetic acid, 
CH3.CO.OH; hyponitrouB acid is regarded as dinitroyl, IlON : NOH, recalling the 
formation of a mol. of oxygen 0 : 0, by the union of two oxygen atoms. Nitroyl is 
considered to be the anhydride of dihydroxyainmonia : NU(0U)2->H20+M0H, 
A. Angeli consideis ihefomaiion of hydtoximic add by reaction with an aldehyde 
indicates the presence of the nitroyl group. In virtue of this reaction, nitrohydroxyl- 
aniinic acid is itself supposed to cont ain a nitroyl group . N eit h cr dihy dr oxyammonia 
nor nitroyl has been isolated, but their presence has been inferred in the products 
of certain reactions. A. Kurtenackor and K. Nousser said that nitrogen is produced 
by the interaction of hydroxylaniine with nitroyl. 

When certain unsaiurated carbon compounds — r.jf. isosafrol, B.CH : CH.R— 
are treated with nitrous acid, they take up additively N2O3 to form the so-called 
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isowiliitei, and the isonitrites vhen treated with alhaUea yield a loln. eontaining a 
nitio-derivativB and uitroyl. In Byrnbols : 

R.CH ; CH.B+N,O^R.Cai : CH.B-B.CH : C.B+NOH 
NO NO, NO, 

A. Angeli found hypouitrous acid in the eolu. containing the end-products of the 
TPuctiDn, and the soln. also gave the nitroyl reaction, and he also found that the 
juoducta of the saponification of potassium hyiroxylamine suJphonate gave reactions 
indicating the presonce of sulphites, hyponitiites, and nitroyl ; ho represented the 
com pound in question by HO.N : 80(OK)2 in preference to E. Divers and T. Hama’s 
foniiula ll(OH)N.BO.OII ; and he represent^ its decomposition by the equation 
HU.N : 80(0K)2->N0H-f S 0 ( 0 K) 2 . Similar remarks ajtply to lettzene sidpho- 
hyihoximic add, which 0. Filoty symbolized C(H 5 .S 02 .NH. 0 H, but which A. Angeli 
prefers to represent HO.N : SO(UH)C(H 5 , because it, too, when hydrolyzed by on 
alkali gives the nitroyl reaction. The analogy in the constitution of these three 
substances is inferred from the similarity in their behaviour, and the presence of 
the nitroyl group in caeh is represented by the analogous formulae : 

N.OII N.OH N.OH 

NO.On HO.SO.OH C,H,.SO.OU 

NRni1iyi]Ti)vyl.uiiinp arid. Fydroxylumloe gulphonlf arid. Benzene aulplioliydroxlmlr arid. 

A. Angrli cousiilorA tliat in aq. noln. nitroyl probably cxiyts as nitroyl hydrate, 
I^OH.lluU, which ia isomenr, at any rate, with dihydrozyammonia, 
anil h(3 fiirihor emphasizcB the pro])rrtiBB of nitroyl by showing that (i) it reacts 
with the alk}^! iodides, formiiig oximes — charactcrixed by the dyad group C : NOH— 
Ike some as are produced by the action of hydruxylaminn on aldehydes. Tho 
OMines give hydioxylaniinc when hydrolyzed with acids; (li) with nitrobeuzene, 
('hlI 5 .NO, it gives the same pruduct C 0 H 5 — NO-“NOJIas is obtained by tho action 
of livdioxyliiiiiinn on introbeiizenp ; ( 111 ) \%ith hydroxylamine there is an evolution 
of ijilrogeii and luimatioii of water : 

ijlIJ N.Jl +Ul).N,H.0U-»^”"''N.Nn.0n+H,0-»N, -1-311,0 
and (iv) \\ith hydrazine. II^N.NIT^, it forms ammonia, nitrogen, and water : 


II 

Nil, 


N.JlfiJO.N ILOH- 


H 


N.N IL0H+H,0-»NH, | Nj,-2II,0 


Bniuiiiaii/Jiig the h)Jroxyl derivatives of ammonia, it will be seen that the 
iiitrnduetiiiii ul hydroxyl iurreaHC the acidity and diminishes the stability of tho 
refiulting compounds : 


Taih.k XX>'I11. — ^HYonoxyir Duhivativu^ of Ammonia. 


— 

NWj 

Aniinoiila, 

Nn,OH 

ll}droxyUmlne. 

MU(OH)g 

mhvdmxy ammonia 
DT iiltiDyl hydrate. 

N|im)a 

Orthu-nlLioiuorld. 

llijwiity. 

Weak base 

Weaker boBO 

[Neutral ?] 

W cok acid 

Ml ability 

Mtablo 

Unstable 

Not ibulated 

Not isolated 

With aldohydaa 

Addition coiupd. 

Oximea 

UxiinoB 

Nitrous acid nil 

Wilh kotuiLoa . 

— 

Oximes 

Nil 

Upaets 


Rbferenoxb. 

^ A. Aiij^Bli, Gaa. Chim. Ital,, 26. ii, 17, 1806 ; 27. u, 367, 18D7 ; AUi Atxad. Lincei, (6). 5, 
12U| 1686 ; A. Anguli and G. Marchetti, ib., (5), 17. i, 605, 1908 ; A. Angeli and F. Angelico, ib.. 
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(6), ID. I, S4B, 1001 i am. Chin. Ital, M. 1. BBS, IBOO; 81. H. 18, IBOl ; 88. li, 248, 1B08 ; 
F. AngoliDo B, Fanara, A,, 81. ii, 2]j IBOl ; A. I'hniii, Mmuthh., 14. 294, 1698 ; 0. Filoty. 
Fer., 89, 1659, 1696; A. Kurtenaoker and It. Neusaer, Zeit. anorg. Vhm.i 181. 27, 1928: 
E, l>ivDra »udT. Uaga, Journ. Chm, 8oc., 47. 623. 1665 ; 61. 069. 1887; 69. 1005, 1890, 


§ EB. HydrazinB or Diamide 

The luime hydnudne was applied by 1. Fischer ^ in 1B75 to the then hypothetibal 
diamidBia kind of doubled anuuonia, H2=N— N=:H2. which he foresaw must be 
the parent of a series of substitution products in which the hydrocarbon 
radicles take the place of the hydrogen atoms. Twelve years earlier, A. W. Hof- 
mann discovered the disubstituted symmetrical (CoU5 )H=N— N=H(CqH 5), which 
he called hydiazobenzene ; and in 1875, £. Fischer made the monosubstituted 
derivative, (C0H5)H=N— N=H2, which he called pheoylliydrazinei by treating 
aniline, CoH5NiT2, with nitrous acid so as to form diazobenzene* CyUsN : N.OH ; 
and reducing the diazobenzenc with stannous chloride and hydrochloric acid, so 
as to form the phenylhydrazinc. 

The four hydrogen atoms of the parent H2N.NH2 can be replaced by hydro- 
carbon radirlrs, R, in five different ways : 

Asymmclilc. Byrnmetrlc. 

Primary. Secondary. Tertiary. Quatornary. 

Representatives of all the five classes have been prepared, and the term hydrazine 
can be applied to all. H, Henstock gave for the electronic structure : 


'N— 
+n " 


A. W. Hofmann’s hydrazobenzene is symmetrical secondary hydrazine, or sym- 
metrical diphenylhydrazine ; and £. lih&cherB phcnyHiydrazine is a primary 
compound. J. W, £. Glattfeld and C. H. Milligan made optically active hydrazines, 
e.g. dimi'thylpropylphonylhydrazine. The parent hydrazine was isolated in 1B87, 
by T. Curtius, in the form of a hydrate and salts, by hydrolyzing triazoacetiG add: 


H 

COOH 


.N: 

N: 


N,CH< 


(JOOII 


N.CII 


"COOH 


a compound, it will be observed, which contains the group — N : N— three times. 
Hydrazine has since been prepared fiom many other organic compounds containing 
paired nitrogen atoms ; for instance, T. Curtius and R. Jay made it by the hydrolysis 
of amidoparaldimine, CoTri202(N.NI]2) ; J. Thiele, by the hydrolysis of amido- 
guanidine, NH2.C(NH).NH.NH2 ; F. D. Chattaway, by the hydrolysis of paraura- 
zide, CO- (NH.NJ1)2=C0 ; W. Traubc, by reducing methyleneiliwonitramiiie, 
CH2(N202)2H2, with sodium amalgam ; U. von Pechmaim and P. Manck, by the 
hydrolysis of potassium snlphohydrazinnmctliylene disulplional c, G(S03E)2(NR)N. 
SO3K.H2O; K. Buchner, by the hydrolysis of methyl fiirmaricdiaz^jacetate, 
{CH(COOCH3)N}20 H,COOCHs, or ethyl cinnamicdiazoacetatn, (CHCeH5.N)- 
{CH(C00H).I^CH.C00C2H5 ; and P. J. Schestakoff, by the action of sodium 
hypochlorite on urea : NH2.CO.NH24 NaO(l='NH2.C(ONa) ; NCI-I-H2O ; followed 

by NHg.CiONa) : NC1=NH..N : CCl.ONa ; NIIg-N : CC1.0Na+Na0H=NaCl+NIl2. 
Nn.COONa ; and NHz.NH:C00Na+H20=NaHC08+NU2.NH2. F. Raschig said 
that a trace of hydiaziue is formed in the oxidation of ammonia (9.V.). N. Tarugi 
said that in urine there is an oxydase which can split urea into carbon dioxide and 
hydrazine. The subject is discussed from the point of view ol organic chemistiv 
by N. V. Bidgwick, The Organic Chemisiry of Nitrogen (Oxford, 1910) ; L. Spi^l, 



NITBOaEN 


909 


Dcr Siickstoff uni wim wichligsten Vmhindmgen (Braunschweig, 1902) ; H. Wiu- 
Und, Die Hyirtmne (Stuttgart, 1913) ; and H. Imbert, De Vhyirazine et see derives 
(Paris, 1B99). The discovery and development of the diCeient methods for pre- 
paring NHs.NHfl by organic chemists is an historical accident, lor it can be prepared 
mure simply from inorganic materials. H. S. Hiist, and W. A. Noyes detected 
traces of hydiatine and ammonia in the products of the action of nitrogen on 
hydrogen when exposed in silica tubes to ultra-violet light. 

Hydrazine is a direct reduction product of hyponitrous acid. The presence of 
a sulphite is usually necessary for the reduction. Hydrazine does not usually 
appear as an intermediate stage in the formation of ammonia from nitric acid 
because, as shown by N. B. Dhar, it is more readily oxidized than ammonia by 
nitrous acid. P. Duden treated an alkaline soln. of potassium sulphite with nitrous 
oxide, and reduced the resulting potassium niirosybulphouate, KS03.M(0E).N0, 
with sodium amalgam in a cone, alkaline soln., at about in the presence of 
potassium hyponitrite and sulphite. The product is potassium hydrazine sulphite, 
KBO3.NlI.NlI2 ; formed by the reaction KS03.N(K0).N0 -[-3H2->U20+K0H 
-fK1SO3.NlI.NII2. By acidifying and then warming the sobi., hydrazine is set 
free. P. von Biackel obtained a very small yield of hydrazine by treating a sob. 
of hy])onitrou8 acid with sodium hydiosulpbite, evaporating the product in vacuo, 
and reducing it with zinc-dust and acetic acid. W. B. Hodglanson and C. (J. Trench 
also obtained a small yield by passing dry ammonia over heated and dry cupric 
sulphate. F. Boschig showed that a trace of hydrazine is formed in the limited 
oxidation of ammonia by oxygen: 4NH3-f02-2H20+2N2H4; E. Divers and 
T. Ilaga, by the action of sodium amalgam on potassium nitiososulphate. 

A. Findlay noted the high tension brush discharge passing through a mixture of 
nitrogen and ammonia produces a little hydrazine. J. W. Tuireniiiie and J. M. Olin 
foiuid that the electrolysis of ammonium hydroxide in the presence of sodium 
chloride and glue, with a low current density furnishes hydrazine if the sodium 
chloride be added gradually in small quantities at a time during the electrolysis. 

In 1907, F. Bashig showed that it is possible I0 make animonia double itself, 
no to speak, by converting one part into chloramine, NH2CI, and bringing this 
into contact with more ammonia. The reaction is symbolized ; NHs-f NH2CI 
-^NH2.NH2.I1C1. Tills constructive reaction is opposed by the destructive 
changes 2NU3+3NH2C1->3NH4C1+Nz ; and 2Nll2Cl+N2ll4=2NIl4Cl+N2, which 
are favoured by decreasing the viscosity of the soln., say, by the addition of acetone, 
and it is retarded by the addition of substances, like glue or gelatin, which increase 
the viscosity of the soln. Hence, although the action of the glue 01 gelatin is not 
understood, the yield is much reduced if the colloid be absent. The reaction 
was studied by A. Stock. 

Mix 200 D c. of B 20 por cent. soln. of ammonia. See of a nne per Cent. soln. of glue 
or gelatiiio, and 100 o.o. of an aq. soln. of 7*6 gnus, of sodium hypoLldoiite, froo from an 
exL’esa of cliLorinp - in a litre ilaek. Boil the mixture for about lialf an hour, when it will 
have evaporated to about half its original volume. Monoohloromide is first formed, and 
this reacts with another mol. of ammonia to form hydrazine hydrochloride ; Nid]Cl+NlJ| 
bN HC l. When cold, place the flask in iced water, and add 20 c.c. of a soln. containing 
I'OO grms. of sulphuno acid, H 1 SO 4 . Hydrazine siilphato crystalhzes out. This may be 
purified by reorystallizaiion from water. Tho procosu is uaed technically for the prepara- 
tion of hydrazine sulphate. 

N. Futochin, and B. F. Orelkin and oo-workprs used F. Basebig’s method. 

B. A. Joyner studied the relation between the yield of hydrazine and the mol. 
ratio of ammonia to sodium hypochlorite and found the yield to be 5*7 per cent, 
when the ratio was 2*02 ; 32 per cent, with the ratio 8*8 ; and 76 per cent, with 
the ratio 76‘B. With 0*400 mol of NH3, 0-0100 mol of NaOCl in 110 c.c. of sob. 
and 0 ingrm. of gelatin, the yidd was 2-0 per cent, of hydrazine ; with 4-9 mgrmB. 
of gelatm, the yield was 30-8 pet cent. ; and with 100-9 mgrms. of gelatm, the yield 
was 61 per cent. He found the yield was lowered by the addition of ammonium 
salts ; it was scarcely afiectod by sodium sulphate ur hydroxide, and was raised 
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dightly by potosBium oUoxide, The presence of hydiazino lowered the yield, showing 
that the opposing reaction is probably 2NH2C1+N2H4=2NH4C1+N2. Additions of 
gelatin, glue, and peptone had the same effect in raising the yield ; starch, dextrine, 
and BucroBB favoured the production of hydrazine, but only when present in amounts 
100-300 times greater than that of gelatin. The effect of the sodium salts of 
glutamic acid, tyrosine, tryptophan, and uric acid was insignificant. Peptized 
silicic and stannic acids had strong catalyzing actions, the yield of hydrazine 
obtained with stannic acid being about equal to that produced by one-third the 
quantity of gelatin ; with silicic acid, however, a }dcld equal to that obtained 
with glue could not be attained. The reaction was catalyzed by animal charcoal, 
wood charcoal, asbestos powder, and powdered meerschaum, when these were 
present in relatively large quantities. Eiesclguhr, calcium phosphate, silica gel, 
French chalk, and kaolin had no action. There is no evidence of the fonnation 
of intermediate compounds between gelatin and chloroaminc ; and the acceloTation 
of the reaction by glue may be due to a strong adsorption of the ammonia by the 
particles of glue, favouring the reaction NH2CI+NH3— N2H4.IICI, and this also 
explains the favourable action of charcoal known to adsorb ammonia with avidity. 

T. Curtius and il. Schulz prepared hydrazine hydrate, by distilling a mixture 
of hydrazine sulphate (100 grms.), potassium hydroxide (100 gnns.), and water 
(250 grms.) in a silver retort provided with a silver condensing tube. The distilla- 
tiou was continued (5-6 hours) until the last drop h.'id])a8sed over, and the distilLite 
(250 c.c.) was then fractionated, the fractions being bi^t divided into below 101'*, 
lOr to JOr, 104'* to in'*, and in'* to the constant boiling temp. Aftir four 
fraclionatiuiKs, the hydrazine hydrate (36 grms.) boiled constantly at 110*. 
C. A. I-iobry do Bniyn avoided the use of the costly silver apparatus; he 
made the hyrlrate from commercial hydrazine sulphate by converting it into 
biODiide by means of barium bromide, and this was then decomposi'd by the 
theoretical amount of aq, potash-lye. After the potassium bromide thus formed 
had been precipitated with alcohol, the alcoholic boln. of the hydrate was 
distilled under the ordinary press, until tlio temp, reached 108 °*, but little of the. 
hydrate passing over below this point. Any further precipitate of potassium 
bromide having been removed, the hquid is fractionated first under atm. press, 
until the tcni]). reached 118% and then andci a press, of 121-123 mm., the 
fraction lioihug at 73°* contained 65*7 per cent, of hydrazine hydrate', and was 
free from silica. The yield, however, was only 22 per cent, of that required by 
theory. The barium salt can be dispensed with, and simple fniclionatiou 
employed. 

C. A. Lobry de Bruyn obtained nearly pure anhydrous hydrazine as n viscous 
liquid by distilling, under reduced press., a mixture of hydrazine hydrate and 
barium oxide prepared in a flask cooled by a free/iug mixture. He obtained 
92 per cent, hydrazine by boiling the hydruehloride with sodium methoxidc for 
half an hour, N2H4.HCl+NBOCHjr->NaCl+CH30H4N2H4. After removing the 
sodium chloride, the liquid was distilled under reduced press. The first distillation 
gave 73 per cent, hydrazine ; the second, 82-84 pci cent, ; and this after fiactional 
crystallization gave a product with 92 pci cent, hydrazine. Contact with rubber 
must be avoided. The product can be preserved in scaled glass tubes from which 
air has been displaced by hydrogen. C. F. Hale and F, F. Shetterly have studied 
the preparation of anhydrous hydrazine with barium oxide, barium hydroxide, 
and sodium hydroxide as dehydrating agents. Barium oxide gave the best results. 
E. Ebler and R. L. Eiause also used barium oxide. A. Stabler used calciuin oxide, 
and F. Kaschig, sodium hydroxide. R. Stolid and E. Hofmann distilled hydrazine 
carboxylic acid, NH2.NHCOOH, over calcium or barium oxide; A. Djawachoff 
heated hydrazine borate, (N2H4)2(B202)o, to 270 ° and obtained anhydrous hydra- 
zine ; and R. BtoUe treated so^um amide with an excess of hydrazine hydrate : 
N2H4.H20+NaNH2=N2^-|-NH2-|-NaOH. If the sodium amide be in excess 
the reaction was symbolized: N2H4-|-NaNH2=-Nlf34NaN2H3. T, Curtius and 
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F. Scbradei said that pure hydrazine can be preserved in a sealed tube without 
alterationi but the dil. soln. rapidly loses its characteristic properties. 

Ito i^osical vtovetOM ol bydraone and its hytote.— Anhydrous hydrazine 
is a colourless, corrosive liquid which fumes strongly in air, and hydrazine hydrate 
may be described in the very same words. C. A. Lobiy de Bmyn gave 1*014 
for the sp. gr. of the hydrazine at 15715^ and 1*006 at 23715'’ ; whdo J. W. Briihl 
gave 1*0256 at 0*2747 and 1*0258 at 074^ T. Curtius and II. Schulz gave 1*03 
to 10305 for the sp. gr. of hydrazine hydrate at 21^ J. W. Dito found 1*0114 
lor the sp. gr. of hydrazine at 1574°, and as water is added, the sp. gr. rises to a 
maximum 1*0470 with 64*1 per cent. N2H4 coircaponding with N2II4.TT2O ; and 
with more water, the sp. gr. foils continuously. E. Jablczynsky measured the vol. 
of hydrazine ions, T. Cm^us and H. Schulz found the vap. density of the hydrate 
at 100° in vacuo corresponded with the formula N2U4.H2O ; at 170°, with the 
comjiletc dissociation N2H4.1l20;r^N2lI|-f H2O ; and above 170°, the hydrazine 
breaks down. According to A. Scott, at 96*8°, the vap. density is 15*8 corro- 
sponrling with N2H4.II2O ; the dissociation of the hydrate is complete, and above 
that temp, ammonia and nitrogen are formed, A. P. Sahan£eS found that some 
hydrazoic acid is formed when the hydrazine nitrates are deromposed by heat ; 
and J. W. Turrentine showed that azoimide is produced by the decomposition of 
hydrazine nitrate and dinitraie. The decomposition of some other hydrazine salts 
lias now ])ecn studied. F. Balia found practically all the current was consumed 
in the oxidation N2Tf4+02=N2 J-21120. G. A. Lobry de Bmyn found the b.p. of 
hydrazine to be 56° at 71 mm. ; 113-5° at 761*5 mm. ; and 134*6° at 1490 mm. ; 
while the hydrate boils at 46° at 26 mm., and at 118*5° at 739-5 mm. The critical 
tcDi]). of hydrazine is 380°, and the critical press,, 145 atm. Hydrazine is decom- 
posed 3N2ll4=N2+-GNH8 obuvo 350°. Hydrazine freezes at 0°, and its m.p. is 
l-4°- there is much undercooling. F. Friedrielis gave 1*8° for the m.p. of hydra- 
zine. T. Gurtius and co-workers found that when the hydrate is strongly cooled, 
it furnishes crysiallinc plates which melt at —40°, The determination of the f.p, 
enables the mnl. wt. of hydrazine in water to be calculated, and the result 68 is in 
agreement with the formula N2I14.2H20. C. A. Lobry de Bruyn found the b.p. of 
mixtures of hydrazine and water has a maximum at 120*5°, 771 mm. press., for a 
mixture w'jth 58-5 per cent, of N2H4, and 41*5 per cent, of water. 

M. Berthdot and C. Matignon found the heat of formation to be (N4.n4,Aq.) 
- ^s1^4sniu.- il'5 Cals. hydrazine is an endothermal compound, and its con- 
version into ammonia liberates 51-5 Cals., and the reaction is not reversible. 
N2H4.Aq.- NHa.Aq. f N hH-j 25*75 Cals.; 3N2H4Aq.=4NH8Aq.+N2+98-25Cals.; 
and N2lI4.Aq.^ Ihj- 2NU3Aq.-|-51*5 Gals. R. Bach gave for the formation 
of various combinations, (N2Fl60H,Aq.)— 19*19 Gafi. ; (N2ll5.HS04,Aq.) - 
-85-27 Cals.; (NgHgCUq.)— 51-40 Cals. ; (NaHsCLHCUq.)^ -62*01 Oak; 
(N2ll60HAq.,H2S04Aq.)-113*0 Cak; (N2H60HAq.,2HaVq.)- 96-0 Cals.; 
(Ngll60HAq.,HClAq.) = 96*5 Cals. ; (N2H50HAq.,2NH08Aq.) = 97*0 Cak ; 
(N2H50IIAq.,HNOsAq.)— 97-0 Cals. ; and for the heat of formation of hydrazine 
hydrate, (N23H2,0)'=561-644 Cals. The fact that the heat of formation is a 
positive quantity shows that hydrazine hydrate is probably not the analogue of 
the diazo-compounds, but rather has the constitution H2N.NH3.OH, and not 
H3N.NH2,0H. The observed data just indicated shows that the hydrazine salts 
N2H4.HR ore not converted into N2H4.2HR salts in aq. soln, since the heats of 
neutralization of hydrazine hydrate by cither one or two eq. of the acid are the 
same. Korn this, it is probable that the salts N2H4.2HR undergo hydrolytic 
dissociation in aq. soln., and tliis, taken in conjunction with the clcctrnlytic dis- 
sociation which takes place at the same time, would explain the fact that the 
mol. wt. of these salts as doteimined by the cryoscopic method are only one- 
fouxth of those expressed by their formulas. X Thomsen has discussed the 
therm ochemistry of hydrazine. The heat of neutralization is less than that of 
uumonia, or hydroxylamine. 



312 


INORGANIC AND THEORETICAL CHEMISTRY 


J. W. Biiilil gave B*867 for the mol. lefraction, with the pfl formula (1, 11, 13) 
for Na*light, and for Ha-Iight, 8-82 ; and for tho mol. dispcrBion, M( 7 — a)=0-266. 
According to R. Bach, the mol. refractions of hydrazine hydrate show that the 
at. refraction of nitrogen deduced from the mol. refraction of the hydrate is much 
smaller than the value obtained from the other hydrazine salts and other nitrogen 
compounds. The value lor the two nitrogen atoms calculated for the formula 
(n— l)/r/ is 9-5 in the case of the hydrate, and nearly 11 for the salts. In this 
behaviour, hydrazine resembles ammonia, as the latter aq. soln. also gives a very 
much smaller value for the at. refraction of nitrogen than that deduced from the 
ammonium salts or the amines. 

E. C. Szarvasy found that on electrolysis of soln. of hydrazine hydrate, sulphate, 
or chloride, nitrogen and hydrogen were produced in quantities corresponding 
with the quantitative decomposition of the base ; and J. W. Turrentino and co- 
woikers found that with a high current density, and low temp., and strongly add 
salt soln. of hydrazine sulphate furnished hydirazoic acid, and its formation was 
attributed to the persulphate-ions ; in the case of hydrazine carbonate, under 
conditions which would favour the formation of percarbonates, the hydrazine 
Bufiered quantitative oxidation into nitrogen and water. In the electrochemical 
oxidation of hydrazine hydrochloride and hydrobromidc, hydtazoic add was not 
obtained under any conditions. At low temp, and witli low current densities only 
nitrogen and water were produced, wliilst at high temp, and with high current 
densities considerable quantities of ammonia were formed. In certain experi- 
ments with the hydrochloride, the conditions were such as should have led to tlie 
formation of chlorate ions. The production of clilorate seemed, however, to be 
rendered impossible owing to the reduction of the hypochlorite by the liydrazine 
present. S. Bodfotss studied the electrolysis of soln. of hydrazine sulpliate. 
E. Cohen and C, A. Lobry de Bruyn found for the smallest electrical conductivity 
of anhydrous hydrazine halides, 4x10^^ mho. The addition of ammonia increases 
the conductivity only sUghtly; and with water additions, the conductivity of 
hydrazine falls to a minimum with 60 molar pro])ortioji8 of water to 100 of hydra- 
zine. 6. Bredig gave for the mol. conductivity, fi, for a mol of the hydrate, 
On 4 N.NIl 3 (OH), in v litres of water, at : 


V 

8 

16 

32 

64 

128 

266 

B 

f* • 

1-33 

1-66 

]'93 

2-63 

3-57 

6-14 

224 

a 

0-G94 

0-70 

0-8G 

M3 

1-69 

2-30 

- - por cent. 

K, . 

0-0,44 

0 0,30 

0 0,23 

0-0,21 

0-0,20 

0-0,21 

— 


The percentage degree of ionization, a ; and the ionization constant are also 
indicated. Hence, the first ionization constant is rather weaker than that of 
ammonium hydroxide, being somewhere near /i'i=3xl0~". I. M. KolthofF 
calculated for the second ionization constant of hydrazine, iiL 2 -- 2 'BxlO^ ; and 
E. C. Gilbert said that it shonld be less than P. Umde gave 63 for the 

dielectric constant at 22°. 

Hie chemical properties of hydrazine and its hydrates,— 0. L5w found that 
hydrazine exerts an extremely poisonous action on organisms— seedlings, fungi, 
and infusoria. A subcutaneous injection of 0-1 mgrm. of hydrazine sulphate, 
neutralized with sodium carbonate, in a guinea-pig caused death in hrs. ; and 
0-5 grm. administered to a puppy, similarly, caused death in hrs. P. Borisoll 
reported that when subcutaneously injected in dogs, small doses (0-05 grm. of the 
hydrazine sulphate per kiln, of body weight) acted as a slight stimulant ; and with 
large doses (0-1 grm. per kilo.) the stage of stimulation was more intense, and 
followed by depression, ending in coma and death in two days. Given by the 
mouth, it produced salivation and sickness. The heart went mure quickly at 
first, then slowed gradually and became irregular. The respiratory movements 
reminded one of asthma. Tho temperature of the body Biuks. Tho urine was 
strongly acid, and contained small quantities of the unchanged hydrazine, a small 
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Binonnt of albumin, in one case bile pigment, and in meet caaeB consideiable 
quantities of allantoin. The saliva, which is abundant, also contained allantoin. 
Obsemtions on the subject weic also made by F, F. Underhill and co-woikcis, 
M. Baciboisky showed that some funp can assimilate hydrazine. Both hydrazine 
and its hydrate absorb moisture and carbon dioxide from air. Hydrazine is slowly 
attacked by oxyROU with the liberation of nitrogen, and it burns with a blue flame 
in air ; hydrazine hydrate slowly oxidizes in air with the liberation of nitrogen, 
F. D. Chaltaway di^ussed the oxidation of aromatic hydrazines by air or free 
oxygen. E. J. Cuy and W. C. Bray said that the presence ol oxygen is 
rGS])onBLble for the fairly rapid decomposition of hydrazine in alkaline noln. 
Hydrazine and its hydrate are miscible with water in all proportions. 
K. Neuiidliuger studied the catalysis of hydrazine by platinum-black — vide 
A. W. Browne and F. F. Shcttcrly found that ozone may react with hydrazine, 
forming Lydi‘azoic acid, but no ammonia. W. Strecker and H. Theinemann 
observed that hydrazine hydrate is oxidized by ozone principally to nitrogen and 
walnr, only small quantities of ammonium and hydrazine nitrates being formed. 
A. W. Browne found that hydrogen dioxide in diL Bulpburic acid soln. forms a 
little liydrazoic acid when in the presence of a soln. of hydrazine: 3N2H4-I-5H2O2 
.--2IIN3+IOII2O. A. W. Browne and 0 . R. Overman found that the presence 
of ammonium sulphate docs not increase, but rather decreases, the yield ot hydra- 
zoic acid when liydrazine sulphate is oxidized by hydrogen dioxide in sulphuric 
arid soln. C. Wurster found that phenylhydraziiie is converted by hydrogen 
dioxide into benzene and diazobeuzene imide. The production ol benzene makes 
it probable that free diazobenzene is flrst formed in the oxidation of the hydrazine. 

Hydrazine and its combiuatioiis are very powerful n^ducing agents. Rome 
oxidizing agents oxidize aq. soln. of hydrazine to ammonia, NH3, with the 
formation of but little hydrazoic acid, NgU ; and the other oxi^zing agents give 
comparatively large yields of the acid and but little ammonia. According to 
C. A. Lobry dc Bruyn, hydrazine inflames when in coutact with chlorine ; and 
with bromine and iodine, the corresponding haloid acids are produced, and 
nitrogen is set free. C. T. Dowell showed that nitrogen triehloride is probably 
formed when chlorine acts on hydrazine in contact with carbon tetrachloride. 
T. W. B. Welsh and H. J. Broderson found that iodine is very soluble in anhydrous 
hydrazine, and causes a rapid decomposition. With chlorine, a small amount of 
hydrazoic acid is formed in both acid and alkaline soln. ; with bromine, mere 
traces in alkaline and none in acid soln. ; and with iodine, no hydrazoic acid was 
observed. Alcoholic soln. of hydrazine hydrate and iodine react quantitatively : 
5N2H4.n20-|-2l2->4N2ll4.HI-|-N2-|-&H20> and hence the reaction could be utilized 
in finiliiLg the strength of soln. of hydrazine. Chlorine water and hydrazine 
sulphate react : N2H4-f'2Cl2=dIICl-|-N2, and hence, hydrazine sulphate can be 
utilized in the analysis of chloride of Ibne and Javelle water. The reaction with 
iodine was studied by E. Rupp, and R. Btoll£ from the point of view of volumetric 
analysis ; and E. C. Gilbert studied the electrometric titration. Hydrazine hydrate 
reads witli aoids to form salts — vide vnfra^ hydrazine halides. E. Rieglcr studied 
the reduction of iodic add by hydrazine sulphate; R. StoUe, E. Rupp, and 
H. SpiosB showed that a soln. of iodine in the presence of sodium or potassium 
hydrocarbonato acta on hydrazine and its salts : N2n4+2l2=^^I+^2- 

F. W. 0 . de Coninck found that with alkali hypochlorites, there is a copious 
evolution of nitrogen. G. R. Levi represented the reaction with alkali chlorites I 
N2H4.2HCl+NaC102=N2+NaCl+2H204;2HCl, though he prepared hydrazine 
chlorite by double decomposition. According to A. W. Browne and F. F, Sliettcrly, 
and W. R. Hodgldnson, chlorates, bromatos, and iodates are not reduced by 
hydrazine, unless in the presence of simdl amounts of silver sulphate, metallic 
copper, c pper oxide, or a copper salt. K. A. Hofmann observed that a neutral 
01 slightly acid soln. of potassium chlorate in the presence of a trace of osmium 
tetroxide readily decomposes hydrazine sulphate to nitrogen, etc. A. W. Browne 
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and F. F. Bhettorly, and W. R. Hodgkinson noticed that other metals which change 
easily from an -ic to -ous condition also act catalytically ; 2KC1034-3N2H4->6H20 
-f SNg-fSECL The reaction is rapid in acid soln., but very slow in neutral or 
alkaline sob. The reaction has been recommended for estimating the total 
chlorine, bromine, or iodine m the respective chlorates, bromates, or iodates — 
the excess of hydrazine can be destroyed by permanganate sob. acidified with 
nitric acid. The reaction between hydrazine sulphate and potassium iodate, 
5N2H4.H2S04+4KI03->5N2+12H20+2K2S04+3lIgS04+2l2, has been recom* 
mended by E. Rimini for the determination of hydiazme ; but the reaction with 
the chlorates and bromates is not quantitative. T. Curtins and II. Bchub, 
M. Schlottcr, F. Jannascli and A. Jahn, F. Fisehor and W. F. Tschudin, and 
A. Eurtenacker and J. Wagner, studied the oxidation of hydrazine by bromates ; 
and E. C. Gilbert, the electrometric titration of hydrazine with potassium biomate. 
A. \V. Browne and F. F. Rlicttcrly found that hydrazbe is m part con- 
verted to hydrazoic acid by potassium perchlorate, and by sodium periodate. 
W. B. Hddgkinsou said that perchlorates ore not reduced in the same way as the 
chlorates ; hydrazine nitrate and ammonium peichlorate may be fused together 
without rcarling. 

T. CHntius and co-workers, and T. W. B. Welsh and 11 . J, Bruderson found 
that hyrlrazmc or its hydrate slowly dissolves sulphur with the development of 
much heat, and the formation of a blown liquid which hinclls like ammonium 
sulphide and di'posila sulphur when treated with water. A 23 per cent. aq. soln. 
of hydrazine, when boih*(l with sulphur, gives off hydrogen sulphide. F. Ephraim 
andll. Fiotrowsky found that the reaction in a short time is N2ir4-|-2S ■ Ng-f 2II2S. 
H. Fiotiowriky reiuoscnted tlic reaction Ngl^-f 2B-^N2-f 21 LS, anil a bide reaction, 
2N2U4+H---N2-f'2N1l3-hllMS, hydrogen sulphide readily dissolves in hydrazine 
hy^ate. but no solid Ls produced; with anhydrous hydrazine, H. Piutrowsky 
believes that hydrazbe hydro&ulphide, 2N2H4.PI28, is foimed with a dissociation 
press, of TGO mm. at 35 '^. II. Piutrowsky represented the reaction with thionyl 
Chloride, SOClg | 4N2II4 -S0(NIT.NHg)2+2N2llBCl ; the reaction with sulphur 
^oxide results in the formation of hydrazuie disulphinic acid, 1SO2H.Nll.NII.SO2H, 
which forms salts, (UN.SO^lnBa and Ba(N.S02)gBa ; and with sulphur trioxide, 
there is formed sulphur dioxide, sulphur, and sulphur si'srjuio^ide, SgOg. With 
sulphur dioxide, hydrazine forms the hydrazine salt of an unknown acid, hydn^ 
zme disulphuric acid, S02H.NU.N]1.JIS02, by direct addition: 280243 N 2 ^ 
- NgllglllSO? > tbonyl chloride is reduced to buI^jIiut, which dissolves in 

the excess of liydidzine, forming sulphohydrazmium. if. T. Buchcrer and co- 
workers studied the action of sulphites on the hydrazines. Anhydrous hydrazbe 
absorbs sulphur trioxide when exposed to the vapour of this compound diluted 
with much air, and hydiazme solphouic acid, N2H3.HSO3, is formed, Barium 
and calcium salts have been prepared directly from the acid, while the alkali, 
silver, and ammonium salts are obtained by double decomposition with the former. 
If hydrazine sulphonio acid be powdered and mixed in small portions at a time 
with a well-cooled sob. of potassium nitrate, flat prisms of the potassium salt of 
azidosulphouic acid, N3SO3H, are formed. The crystals explode when heated, and 
the aq. sob. is decomposed into hydrazoic acid, N3H, and sulphuric acid when 
treated with mineral acids. Hydrazine reduces sulphuric add to hydrogen sul- 
phide— vide infra, hydrazine sulphates. A. W. Browne and F. F. Shetterly found 
that hydraziuc is partly oxidized to hydrazoic acid by peisollduifes, and partly to 
nitrogen, accordbg to E. Paimain : 2K2S2O3 |-N2H4.H2S04+6K0H=6K2S04+N2 
-l-GHgO. E. Rimini gave : N2H4,KHS04^5K0H-|-2K28203— N2-I-6K2B04-1-5H2®* 
W. K. Hodgkiuson made some observations on this subject. A. W, Browne 
and F. F. Shetterly found that hydrazbe gives no hydrazoic acid with seleniOUS 
add, hut sdenic add gives an appreciable quantity ; and tdlttlio add gives much 
hydrazoic acid and ammonia. 

According to A. W. Browne and co-workers (T. W. B. Welsh, and A. W. Browne 
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ftud A. E. Houlehan), the amminolysifl of hydrazine sulphate or aolenate occurs when 
the salt IB treated with ]ii][uid luiiffloiiifti 

F. Friedrichs found the reaction ia quantitative, and he was not able to detect any 
si(!;n of chemical combination between ammonia and hydrazine. His measurements 
of the temp., 0 ; vap. press., p mm. of the sat. soln. ; and of the cone., C, of the sat. 
Boln. with solid hydrazine in equilibrium with the ammonia ; and the cone., Ci, 
of the sat. soln. with solid ammonia in equilibrium arc shown in Table XXIX, 

TadtjIS XXIX.- -rnESSuan, TaMVEtiATUiiE, and Concuntration Relatidnb of tue 
Dinary Bystioi: NH,-N,Ll4 
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where the coiif). are cxprcHbed in pererntages of ainnioiiia. Hydrazine dih'^iJvoa 
ainiuonia gas. H. Rtulli' found that sodamide with an exc(‘.s^ of hydrazine hydrate 
reacts: NJl4.H2^HNll2Na=N2H4+NH3-|-NaOII ; and if the sodamide be in 
exeea^, sodium hydrazine is formed : N2H4-f iJaNIT2”Nll3+NaN2H3. Acco[diiig 
to K. A. Hofmann and It. Kroll, hydrazine hydroehloritle dreomposes at 
iidu amniojiium and hydrogen chlorides and nitiogi'n in the ])rE\seiico of 
hydrozylamine hydrochloridei a reaction occurs at about IT)!)*' and, with suit- 
able proportions of the reactants, follows the course : 2NIi2.Uil | N2n4.2Hl]ll 
— 2NH4CI-I N»-| 2II0O. The absence of nitrous oxide from the prorliicts indicates 
the quantitative participation of liydroxylamine in the change ami tlie probable 
preliminary formation of a very unstable salt of diaminoliydraziue. E. Ebler and 
it. li. Krause obtained a product which exjilndes at TO"', by the aoliou of etheieal 
soln. of hydrazine on zinc diamide, or by (lie art ion of zinc ethyl and liydrazinc. 
The composition Is ZnN^H^, or zinc hydrazine. T. Curtins observed that hydraziiio 
hydrate reads vigorously with nitrous acid and the nilntrs^ fonuing, under some 
eonditiuiis, hydrazoic acid (f.v.), under others hydrazine nitrite (q.v.). The reaction 
was studied by J. dc Girard and A. de Saporta, B. B. Dey and H. K. Sen, and 
F. SuinmoT. C. A. Lobry do Bniyn found that nitrons oxide reacts with hydrazine. 
J. de (Jirard and A. de Saporta symbolized the reaction N2ll4.H2S()4“|-2NaN0j 
— N2-I Na2B04-l-2IIN02H 2H2O ; but E. Francke prefers, N2H4-I-IINO2 
— N20d-Nll3d-H20. The mechanism of the reaction was studied hy ¥. Sommer 
ami H. Vincas, A. W. Browne and 0 . E. Ovennan, F. Sommer, A. Angeli, 
E. Olivcri-Mandala, E. Francke, T. Curtins, M. Dciinstedt anti W. UoliliLh, etc. 
The action of nitrites was studied by B. B. Dey and H. K. Sen ; and the action 
of nitrous esters, by M. Betti, K. StolIiS and J. Thiele. Larger yields of liyilrazoic 
aeid and smaller yields of ammonia were obtained by A. W. Browne ami 0 . K. Ov(»r- 
inan during the oxidation of hydrazine sulphate by potaasium nitnilo than in the 
case with hydrogen dioxide. For the action of nibic acid« vide hydrazine nitrate. 
White phosphorus reacts with hydrazine or its hydrate, and the soln. becomes 
yellow, reddish-violet, and black; the smell of phosphine is then perceptible. 
When the block liquid is diluted with water, a black precipitate is formed, which 
C, A. Lobry de Bniyn considered to be a sohd phosphorus hydride. The rcactioD 
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was studied by J. W. Dito. Foi the action of phosphoric arid, see hydrasine 
phosphates. A. W. Biowne and F. F. Shetterly found that arsemons oilde with 
hydrazine gives hydrazoic acid and ammonia. W. B. Hodgkinson studied the 
action of atsenata on hydrazine. C. A. Lobry de Bruyn found that hydrazine 
and its hydrate react with carbon dioxide ; and there is a vigorous reaction with 
carbonyl chloride. Hydrazine and its hydrato are soluble in methyl, ethyl, 
propyl, butyl, end amyl alcohols, but they are not soluble, or only slightly soluble 
in the usual organic solvents. W. Bchlcnk and T. Wciohself older found that 
hydrazine reacts with methyl alcohol, and the soln., on cooling, furnishes colour- 
less leaflets of hydrazine methyl alooholate, (NH2.NHg)OCHg, isomeric with 
inethylhydraziue hydratOi (NIl2.NIl2CH3)OH. A. Angeli found that the action 
of cwogen on hydrazine produces a substance with the compohitiuu C2N0l{g. 
G. Pcllizzari and co-workers found that with cyanogen chloride or bromide, 
hydrazine in aq. soln. funiislies diaminoguanidiuc, NH : C(NH.NIJ2)2. E. J. I'uy 
and W. C. Bray found that in alkaHuo soln., hydrazine is quantitatively oxidized 
to nitrogen by potassium fenocyanide, R. von Rothenburg found that chloro- 
form is not acted on in boiling soln., while iodoform is slightly attacked. 


J. Houbon obtained methane, etc., by the action of magrwttium aXhyl KoIMh on the 
hyilm/ines ; ttio action of zinc iJhf/l and tnagziDshim alkyl haloida on hydrazine boa been 
studied by it. L. Krauno s the action of mono- and di- chluroacftic atuljf, by M llusch and 
E« AleuHsiiCriTBr; e/ftt/l chtaroacetatPt by A. liouiBert and W. Kayser, and M. Uuscli and 
co-workeis; phcr^t/Iglyoxalic acid, by A. Elbera; dinUrophenglhydraziriC, by T. C'urtiuH 
and M. Mayer ; ethyl dinitrohenzoaie, by T. Curtins and A. Itiedel ; dinitKAenzoir ik ttf, 
by T. CurtiuB and U. F. llollonbocb ; nUro- and amido-phihaihydrasideB, by 1\ Curtiiis 
and A. Hoeach ; fonnaJtlehyde, by E. Riegler, and E. Itiinini ; carlor\yl CoiniiDunds, by 

H. Btamlingor and O. Kupfor ; dicyanodiamidp^ by K. A. Hofmann and 0. Eiiiurd ; fata, 
by F. Falciola and A. Mannino ; ttiOiktf, by E. Mullor and L. llendugcn, W. F. Hunath, 

I. Lifsohitz, and T. Curiius and co-workers; chloral hydrate and biomal hydrate, h} 
G. KnOpfer; ndroso-hfuea, by 0. Kisolior and oo-v^orkers, and It. vun Itothenburg, 
tddoroketowe, by S. Bodfores; imido^dhm, by A. Pmner; thiamtdea, by A. Junghalm 
and co-workeiB ; ethylene bnnnide, by R. Bioll6; thwcarbamidis, by M, Jtuseh ami ro 
workers; oxahicUic oeW, by U. J. H. Font on and H. 0. Jones ; acftonyl arctone, by T. Giay ; 
methyl butyrylacetoacital(8, by A. Bongert; methylcthylacraldehyde, by F. Deminer , 
hctones, by J. Wedel ; acetic anhydnde’i, by R. BtoUo ; chJoro- and hrovio-anilic acula, b> 
A. Doscompa ; plurwla, by L. Hoffmann; acffamni?, by M. 0. Forster; HUrodiazobuiznii ^ 
by H. von Feohmann ; ptcryUc cJdonde, by A Furpoili ; btnzoic chloride, methyl wdidi, 
ethyl iodide, and laoamyl ihlonde, by R. von Rotlmiibuig ; mUaphoaphonc and pho^tp/uioua 
ettera, by W. Strecker and H. Heusor ; etc. 


Hydrazine attacks indiarubbar, and cork ; and, when boiled in aq. soln., gln^s is 
eroded. Hydrazine hydrate and sodium develop much heat, with the expulsion of 
hydrogen and ammonia. When the liquid cools, a crystallmc substance is formed 
which is soluble in water and alcohol, and which is thought to be sodmn hgdrazide 
hydrtmde, N2H50Na. The aq, soln. gives the reactions for hydrazine. T. Weich- 
self elder prepared the derivatives : 


0H.> j^<H 


C,H, "-"^Nb 


CjHg Na 


Na 


According to £. Scandola, when hydrazine is added drop by drop to finely 
granulated aodiuni suspended in ether, and then heated on a water-bath with a 
reflux condenser, a white substance is formed which explodes in air. If left in 
contact with the ether, it loses its explosive property. The white compound does 
not act on silver nitrate in ammoniacal soln. Its stmeiuie is supposed to coiro- 
spond with sodium tmmide or Mdiam tapdnudde : 


Na.N 

Na.N 


N-U, 


H.N V „ 


This substance was studied by T. W. B. Welsh, who found that the sleotrolysiB of 
sob. of sodium hydiazide m hydrous hydrazine fuznisbes nitrogen and hydrogen 



NITSOOBN 


317 


at both the anode and cathode. For raoh atom of copper deposited on the coulo- 
meter cathode, M-1'6 atoms of nitrogen were liberated at the anode when the 
Boln. were fairly dil, but in the case of more cone, soln. the ratio Cu : N was lower, 
liTid had ail average value of 1 ; 2'4. Sodium hydrazine, NH2.NHNa, was obtained 
in glistening leaflets by W. Bchlcuh and T. Weiehself older. “ A mere breath of 
ail or a trace of moisture or alcohol sufficed to produce a disastrous explosion.” 
E. Bbler and E. Schott found that ano partly immersed in hydrazine hydrate 
while exposed to air, furnishes white crystalline zinc hydrazinecarboxylate dihy- 
drazinalc, (NH2.NH.CO.O)2— Zn— (NH2.NH2)2, and hydrogen is evolved. In the 
presence of jla tfamm, at^. soln. of hydrazine are catalytically decomposed : 2N2H4 
=• 2Nn34N2+H2. S. M. Tanatar found that if sodium hydroxide be present, the 
reaction is to be symbolized : 3N2H4=:2 NHb+ 2N2+3H2 ; and if sulphates be 
present, 3N2H4- 4NH3-I-N2. A. Gntbier and K. Neundlinger found no evidence of 
the formal ion of hydrogen or of nitrous oxide ; hydrogen is formed in the presence 
of barium hydroxide and alkali hydroxides. They thus explain the reaction : the 
hydrazine breaks up into hydrogen and nitrogen in the presence of platinum 
black ; the nascent hydrogen then reduces two mols. of hydrazine to ammonia. 
Should, however, the dissociation of the hydrazine hydrate be prevented by the 
pn^bonco of a strong base, the reducing action of the nascent hydrogen is retarded, 
and consequently free hydrogen is liberated. The velocity of the decomposition 
of hydrazine is proportional to the quantity of the catalyst present, and is un- 
influenced by glass. The hydrazine can only be decomposed to the extent of 
93 per cent. The order of reaction could not be deterroincii, but is shown to 
deiiend on the condition of the platinum-black. A. Furgotti and L. Zanichelli 
showed that a soln. nf hydrazine sulphate is not dpcomposcd catalytically if the 
plutinuni-hhick has been boiled in water for four hours. This fact makes it 
appear as if it is the occluded oxygen which induces the catalytic process, and this 
inforf^nre is confirmed by the restoration of the activity of the platinum black if 
it be dried in air. IinmerHion in hydrogen dioxide does not restore its activity. 
Platinum black wliich is inactive towards hydrazine may still stimulate the 
decomposition of hydrogen dioxide and hydroxylamiiie, showing that the mechanism 
of the reaction is probably difliiTcnt. A. Ihirgotti and L. Zanichelli found that the 
velocity of decomposition increases nearly proportionately to the increase in the 
amount of platinum present, and roughly also to the increaso of cone. The rate of 
deromjiohition by platinum of aq. salts of hydrazine varies greatly with the nature 
of the acid ; the monohydroehlnride, sulphate, nitrate, and hydiobromide are most 
rapidly allectcd and in the order given, whilst the diacetate, dihydiochloridc, and 
diliydrobromido are much less leailily decomposed. The addition of traces of acids 
has a very varying influence on the catalysis; sulphuric, hydrochloric, phosphoric, 
and boric acids have little elTect, but hydrofluoric, liydrobromic, hydriodic, and 
nearly all organic acids very much retard, if they do not completely inhibit, decoiu- 
Iiosition. These facts explain the varying nature of the eatalysis of hydrazine 
saUs in soln. A. P. Sabaneeil found that if oxygen be passed into a soln. of 
hydrazine snlphate in which platinum-black is suspended, the follouiug reaction 
orerns in the course of one or two hours : 4N2^J4 -112804-1-50— 3^2+^ 
H-3IJ2804-[ (NIl4)2804. K. Neundhnger studied this subject. 

Anhydious hydrazine dissolves many Balts, thus, 100 parts of solvent at 
1 2-5' -13° dissolve 12-2 parts of sodiuvi chloride ; 8*6, of potassium chloride; 
5G-4, of potassiim bromide; 135-7, of potassium iodide; 26*6, of sodium nitrate ; 
21-7, of potassium nitrate; and Bl-1, of barium nitrate. The hydrazine seemed to 
unite with sodium chloride ; with a warm soln. of ammonium chloride^ aiumonia 
is evolved, and in the cold, there seems to bo a state of equilibrium ; a complex 
salt seems to be formed with lead nitrate. An aq. soln. of hydrazine hydrate also 
dissolves a number of salts, potassium bromide and iodide, ammonium sulphate, 
potassium cyanide, barium nitrate, maynesium sulphate, etc. According to 
T. W. B. Welsh and H. J. BroderBon, the solubility of the metal lialoids seems to 
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incn^ase with tho bcTPase of at. wt. of the halogen ; in the case of the haloids of 
tho alkali oarlli metals^ crystalliiic substances separate from the soln., which are 
jtrobably hyilrazinaied salts. The carbonates are either insoluble or vpry slightly 
soluble. Tho oxides are aU insoluble. Tho nitrates are mostly soluble, with the 
oxreption of tliose which react with the solvent. Sulphides and sulpliates are 
but slightly soluble. Ammonium salts, except triammonium phitsphatc, dissolve 
with evolution of ammonia. Bismuth cbloride dissolves, and reacts 'with the 
hydrazine, bismuth being quantitatively precipitati-d. Cadmium carbonate and 
Bulplnde are insoluble, but the haloids are very soluble. Mercury sulphide is 
insoluble, but the oilier mercury salts react mmiediately with the solvent, and 
mercury is pr(‘L‘i}u1ated. Nickel and cobalt salts dissolve, and react with the 
solvent to form hydrazine additive compounds. In the case of cobalt chloride, 
a cobalt minor is gradually funned. C'oijpur and lead sails dissolve wilh more or 
less decom posit ion. HiIyit sails iiivariubly yitdd a silver minor. 

A groat many salts are reduced by hydrazine and its salts ; thus, T. Curtins 
found that lU'UtrsI cnpjier sul]jljatc, and Fchliiig's sulri. gi\o a dense, red ]>re- 
cipitaie. According to A. AV. Browne and F. F. Shcitcrly, the azure-blue solu. of a 
copper salt rontaiinng un excess of ammoma, is rapidly dccoluriziMl by warming 
it with h>droxylainmc or hydrazinti salts owing to the reduction of aimuino- 
ciij'ric hiilphiite, Cu(NH 3)4804, to aminiiio cuprous sulphate, Cii2(NJl3)4»S()4, wilh 
the evnluliiwi of iiilrngen gas : 4(hi(Nll3)4S04-(-N5;H4l]jSU4-->2Cu2(Nll3)4S()4 
4 ;1(NU4 )mS04 I-2NII3 I Nm. The colourless sobi., iu the alisence of an exccbs 
of lediuing agent, is gradually coloured blue by ex)»uhure to air or by trculini'nt 
with an oxiilizing agi'iit-'C 7. hydrogen peroxide. If tin* colourless soln. bn 
acidified and treated wilh xiulassium iodide or ])olassium tbiucyanale, colourless 
ruinous iodide ox thiueyanatc is respertively precipitated directly. A. Turgotli 
rejiresciiled the reaction in a boiliiig soln. of hydrazine and copper sulphates, and 
sodium chloride, 4(JuS()4 | l()Na(l 

T. Oiirliiis found that vsliiu liydiaziue is added to a soln. of ammouiaeal silver 
nitrate, a precipitate of mctiilhc silver is formed ; and with an ncid soln. of gold 
chloride, the metal is dcjiohited. The reaction was studied Uy F. Sr-hrader. The 
ih'hydratLiig artioii of sodium hydroxide, and of barium oxide or hydroxide, has 
been discussed iu couueclion with the preparation of anliydroiis hydrazine. 
A. Stiililer suggested that Golciom Oxide or l^dfoxide forms eitlier a solid i^oln. 
or a calcium oxyhydrazide, (^a((JN2il5)2, wliich easily ilcrompo.ses into calcium 
oxide and liydrazinc. F. Sehrader studied the action nf magnesium oxide. When 
hydiazinc hydiate is dropped un mercnric OxidBi an explosion inuy occur. 
A. W. Jirowiie anrl F. F. Sli^iterJy said that an acid or alkaline soln. ot hydrazine 
suliiliate lieaicd 'with red mercuric oxide gives neither ainiuunia nor h}dru/oic 
acid, but when the yellow oxide is used with a slightly alkaline holii. at O'", ap])rp- 
nable quantities of both ammonia and hydrazoic acid are furiiiid. C. F. Hale 
and V. K. Nunez gave for alcoholic soln. of hydraziuc, N0H4.H2O | 21 ]gO 
SN2-I 2llg4 3 iloO. A soln. uf mercuric chloride oxidizes hydrazine, forming 
ncitJjer uminoxiia nor liydmzoic acid, Solutiuiib uf mercuric salts, iu the pretumce 
of iinnrral acids, are not leducerl by hydroxylamiiie or hyflTazine salts, but in a 
suln. of arctic acid in the presriice nf sudium aci^tate, heating with a hydraziui* 
salt Irailb to tlie gradual precipitation of all the mercury: 2I]gC'l2+^z^U~^^HCl 
4N2 I ^TTg. Amiiioniaeal srdu. uf mercuric salts are redur'c^d imniiHliately. 
E. Bimim gave for alkaline soln.: N2H4.NaIlB04-f 2IlgOl2+r)NaOlI’-4NaUl 
-j-NajSl)4-|-2ng4-N2d rjH20. The addition of a soln. of hydrazine chloride in a 
mixture of alcohol and ether to a similar soln. of mercuric chloride gives a white 
flocculexit precipitate of N2ll4.HgCl2, which hycontaetwitliwatcrfornis N2ll2'Hg2Cl2. 
An aq. solu. of hydrazine nitrate with mercuric nitrate furnishes N2H4.Hg(N03)2» 
and with nicrcuious nitrate, N2H4.1ig2(N03)2< AQ thi'se mercury compounds are 
explobive. 0 . Diels and 8. Dihcmann studied the action of mercuric oxide on 
various hydrazines; and N. K. Dbar, the induced reaction involving the eQect of 
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hydrazine on the reduction of mercuric chloride by oxalic acid. A. Boniath and 
E. Ruland obeenred that ceric sulphate in the presence of sulphuric acid oxidizes 
hydrazine in accord with the equation: f ^(^^(^04)2 -N2+(NH4)2S04 

+Ce2(kS04)3. A. W. Browne and F. F. Shettorly found ammoniom meta« 
vanatote oxidizes hydrazine partly to hydiazuic acid, and partly so that the 
remaining nitrogen is evolved as nitrogen. K. A. Hofmann and F. Eiispert 
used vaiiadic Sidphate for a volumetric analytical process, the vanadyl sulphate 
produced being determined by titration of tbc soln. with polassium permanganate, 
T. Curtius and co-workers noted that hydrazine hydrate reduces manganateS or 
permanganates to manganese dioxyhydrate ; and I. M. KolthoS said that in 
alkaline soln, or in a boiling hydrochloric acid soln., an excess of permanganate 
reduces hydrazine to nitrogen and ammonia. J. Petersen represented the 
reartion in the presence of 6-12 per cent, sulphuric acid by I7N2II4+I3O 
=.-13n20+14NJl3+10N2; U. Roberto and F. Roncali, by 2KMu04+3noS04 
=K2S04 f2MnS()4+50+3Il20, and 5(N2H4.Il2S04) + COg = lOUgO + SHgSOi 
+DN2 ; but L. Medri prefers J. Petersen’s equation. A. Purgotti represented the 
reaction with manganese dioxide in acid soln. by 2Mn02-fll2S04-|-N2H4.Il2iS04 
1 2MnS04-f4H20-|-N2 ; in neutral soln., a similar rcactloji occurs but hydrazine 
hydral c is formed. A. W. iirowiie and F. F. Shctteily obbcrved that little ammonia 
and hydrazoic acid are formed in the oxidation of hy^azine by inaguesium dinxirle. 
A. W. Browne and F. F. Slietterly, and J. Petersen noted that a small proportion 
of hydrazoic acid is produced und(‘r ci^rtain eondilions. The reartion was studied 
by F. Schrader. E. J. (’uy and M. E. Rosenberg believed that the iireseiice nf 
manganous salt lonned during the roaclion between h^djiizine and pota^ium 
jiermanganatc in acidic soln. is responsible lor the fact that Ihe amount of oxidizing 
agimt needed for I mol. of hydrazine is variable, and is always mneh lower than 
tlie fijiir uq. nupured for oxidation to nitrogen. The mceliani'»ia of the reartion 
d(])end> on tlio intermediate formation of manganic salt, and the ionic equation 
Ngir's+Mii ' Nil 4 I JNo f H'+Mu”. According to F. Raselug, i\hen hydingeii 
in hot Mi]]dmric and soln. is oxidized by potassium permangaiiate» ammonium 
HulphalD is fiirined. A. W. Browne and F. F Slietterly obtained a liltlc hydrazoic 
and by the action of chromic sulphate, and of potassium chromate on hydrazine, 
T. Curtius and co-workers, and F. Schrader found that solid chromic anhydride 
explodes in contact with a drop of hydrazine hydrate, and that chromates arc 
redueed by aq. snln. of hydrazine, forming chromic hydroxide. A, Purgotti repre- 
sented the leaetion: 2K2(^i207+5H28U4H 3(N2lT4.1l2lS04)- 2rr2(S04)3-f 2K2SO4 
l-UHoO-l 3N2 in soln. of sulpluiric acid. L. Medri, and W. R. llodgkinson also 
studied tins reaction. £. J.Cuy and W. C. Bray foimdthat the oxidation of hydrazine 
tonitiogenis only quantitative with an excess of potussiiim dichromate and a 
moderate amount of acid. T. Curtius and F. Sihrader found tliat the molybdates 
are reduced by a soln. of hydrazine hydrate. A. W. Browne and F. F. Slietti*rly 
showed that in acid soln. molybdenum trioxide }irdd8 appreriablc quantities of 
both hydrazoic acid and ammonia. The aetion of hydrazine ^aUB on tungstates 
Was studied by F. Schrader; and the action on timgsUtes, molybdates, and 
tantalates was studied by W. R. Hodgkin.son. 

Aecurding to T, Curtius, lerric dlloride is reduced by hydrazine to ferrous 
chloride ; a reaction investigated by E. Muller and U. Wegelm, nod F. SchratliT. 
E. J. Cuy found that in the reaction between hydrazine and a lerric .^nlt in acid 
soln., one mol of hydrazine requires between one and two cq. of feme salt for 
oxidation. The limiting reaction may be expressed as follows : Ngll cH-Fe'*' 
^^OTI^+JNg+H'+Fe”. A. W. Browne and F. F. Shetterly showed that lerric 
Oside and hydrazine in aq. soln. yield ammonia, but no hydrazoic arid, while 
nickd sesquioxide and cobalt sesquiozidc yield ammonia ami traces of hydrazoic 
B-cid. U. Franzen and 0. von Mayer made complex cobalt salts — c.j. Co(’l2(N2lf4)2i 
etc.— -mth hydrazine in place of ammonia. T, Ourtius found that platinum is 
precipitated when a soln, of hydrazine is added to a neutral bolu. of platinum 
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diloridfl. W. R. Hfldgkiiiaoii atadied the action of hydrazine on OBdUlh 
L. A. Teohugaefi and M. Giigoiiefi found that hydrazine hydrate readily reacte 
wilh platinam diamminodichlnide, forming a Bisries of hydrazine derivatives. 

The comtitntion of bydnufne. — Ab indicated above, the analyses and vapour 
density of hydrazine hydrate agree trith NgHf-IIjO ; the lovciing of the f.p of 
water agrees with the presence of N2H4.2H2O in aq. soln. ; and, as J. W. Erilhl, 
end R. Rach have shown, 'the mol. refraction of hydrazine is in agreement with 
the assumption that the nitrogen atoms are tervalent. Hydrazine itself is there- 
fore supposed to be constituted H2-=H— N— Hj, and the monohydrate, as 
Ho— N- NH3— OH, with one ter- and one quinquivalent nitrogen atom, or with 
two quinquivalent nitrogen atoms. 


0 n-h, 

'N=U, 


The chief uses of hydrazine depend on its strong reducing powers ; on its 
introducing no &[cd constitution into the soln. ; and on its farulty of condensing 
with many compounds — e,g, the aldehydes — ^to form sjjaringly soluble compounds 
which easily crystallize. £. E. Jelley rccomnieudcd their use as photographic 
sensitizing agents. The use of hydrazine in analytical work has been discussed 
by E. Knoevenagel and E. Eblcr, P. Jannasch and co-workers, M. Bchlottcri 
U. Boberto and F. Boncali, A. Furgotti, J. de Girard and A. de Saporta, by 

J. Schmidt in his Die Anwendung der Hydrazine m drr analyfit^rhcn iUicnne (Stutt- 
gart, 1907 ); by E. Elber in liis Veher die Anwendbaikcii i((7 Hydrorylamin- ur\d 
Hydrazinsalze in der qmlilativen Analyse^ Heidelberg, 1902 ; and his Analytische 
Operation mit Jlydroiylamtn- und Uydrazinsalze (Heidelberg, 1905 ) ; and by 

K, Biedermann, VAer qmntiiative MetalUrennungen mit Hyhazm (Heidelberg, 
1900 ). 

tome analytical reactions ol bydzazines— When an aq. soln. of hydrazine 
is shaken with benzaldehyde, Cgl]5 CO.H, in acid or alkaline soln., a lloeculcnt, 
sparingly soluble preripilatc of henzalazine, (’glls-OH ; N.N : Ull CgHs, is 
formed. Copper sulphate soln. gives a sparingly soluble blue pn'cipitate of 
CUSO4.N2H4.II2SO4. According to L. M. Dennis and A. W. Browne, hydrazine 
is best detected by oxidizing it to hydrazuic arid, and identifying the latter by 
the ferric chloride test of T. Curtius and co-workers where a soln. of iron-alum 
01 ferric chloride gives a sharp red coloration with sodium azidr— unlike the red 
formed with thiocyanates, this colour is discharged witli hydroclilozic ntid. The 
oxidation is effected by treatment with ethyl nitrite in the presence of an alkali. 
To detect hydroxylamine, hydrazine and ammonia in the presence of one another, 
T. Curtius and F. Schrader treated the acidified soln. with gold chloride, when, if 
but of hydrazine be present, gold will be reduced ; if the filtrate from the 

gold is made airline, a further reduction of the gold indicated the presence of 
hydroxylamine. If ammonia be also present, V. Meyer recommended treating 
the original soln. with benzaldehyde, removing the benzalazine by an etlier 
extraction, and separating the hydroxylamine and ammonia by treatment with 
platinum chloride. To determine the amount of hydrazine in an acid soln., 
J. Petersen titrated it with jiermangaiiale ; E. B.imini titrated the iodine liberated 
from potassiiim iodaie — ndc mpra^mih thiosulphate ; and B. Stoll e titrated 
hydrazine salts in the presence of an excess of sodium bicarbonate, with a standard 
of iodine— ammonium salts were su]ipoBed to be absimt. E. Petersen measures 
the volume of nitrogen given off when the hydrazine soln. is tr rated with an 
ammoziiacal soln. of a copper salt; E. A. Hofmann and F. Ktispert used a 
sulphuric acid soln. of van^io acid in the same way ; N2H4-I- 02-^N2H 21120 ; 
and £. Rimini warmed an alkaline soln. of hydrazine and mercuric rliluride; 
H2H4.H2S04-|-6K0H-f-2HgCl2^^E2^^4~i’^^^~i 61120 -|”2Hg-f*N2, and likewise 
measured the gas evolved. 
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1901 ; G. Knopfer, MmaUh., 37. 357, 1916; 41. 455, 1920; F. Hemmer, tb., 22. 69, 1901 ; 

J. W. Diio, Proc. Acad. Amsterdam, 4. 756, 1902 ; 6 . 1, 1903 ; E. Cohen and C. A. Lohiy do 
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A. Deseomps, tb., (.3), 21. 72, 1899 ; R. L. KrauHC, I eber die Einunrhiiiy wn Ilydraztn, fFi/VAt;- 
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Chm, 8oc., Ill, 690, 707, 1917 ; A. Beurath and K. Kuland, Ziit. anorr/.,C7trtn., 114. 267, 1020, 


§ 27. The Sails of Hydrazine, or Hydrazoninni Salts 

Hydiazme is siiongly basic, and it foims two scries of salts so that it can bo 
regarded as a diacidic base. In general, however, with salts prepared in the 
ordinary way hydrazine behaves like a inonoacidic base. In salts of the mono- 
acidic series the hydiazinium radicle, so to speak, is the monad group, N2II5' ; 
and in the other series, the dyad group N2Uo^^ These groups are supposed to bo 
respectively constituted : 

H,=. N H,=N-. 

Ha:EN- HalEN^ 

G. Bredig,^ and B. Bacb concluded that while the first acidic function is nearly 
the same as that of ammonium hydroxide, the second acidic function of the base 
is BO weak in aq. soln. that the corresponding salts are almost completely hydro- 
lyzed. T. Curtius and U. Schulz said that a dihydrate emsts in aq. soln. because 
Ihe cryoBcopic data gave a mol. wt. of 6B. These data, however, can be inter- 
preted on the basis either of a monohydiatc or of a dihydrate. All this docs nut 
decide whether hydrazine is a monoaoidic or a diacidic base. E. C. Gilbert also 
found that in the elecirometric titration of a 0*llf-Boln. of hydrazine hydrate 
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with acids, there is only one point of inflection, Fig. 61. The x indicates where 
the second inflection would occur. Each division on the ordinate represents 
100 millivolts. 

T. CurtiuH and H. Schulz prepared hydlUiM difloo- 
ride, N2IIBF2, hy adding hydrofluoric acid to an alcoholic 
soln. of hydrazine hydrate ; and also by evaporating an 
aq. soln. of the base neutralized with hydrufluoho acid. 

Hydrazine nwmfiuoride, N2H5F, has not been prepared. 

The difluoride furnishes cubic crystals which melt at 105°, 
and sublime undocoiti posed. The salt is readily soluble 
in water ; sparingly soluble in alcohol ; and insoluble in 
rthw, and bciizeno. 

T. CurtiuB and IT. Schuln prepared hydiaone mono- with Aci^*! 

chloride, NoHgn, by heating the dichloride to UO^-IGO" 

B. voii Boihenburg obtained it by the action of hydrazine hydrate on benzoyl 
chloride ; and F. Kaschig, by the action of ammonia on monochloroaminp, and 
by tlic action of hypochlorites on aq. ammonia. The long, needlc-like crystals 
melt at S9°. Th(^ heat of neutralization, heat of soln., and heat of formation 
wore measured by M. fierthelot and 0. Matignon, and fi. Bach as indicated in 
connection with hydrazine ; B. Bach also mrasuTed the mol. refraction— I'ufe 
hydrazine. T. Ouriius and co-wurkers found that the salt is readily soluble in 
water, sparingly soluble m boiling aleohol, and the soln. on cooling furnishes well- 
develnjjcd crystals. According to P. Friedrichs, the monochloridc is readily 
soluble in liquid anjiuonia and the soln. separates into two layers. Double salts 
with zinc, (iidmium, mercury, tin, copper, and platinum were described by 
T. (Julius and F, 8chrader, and F. Uaufal^. 

By treatiiiK nn alcoholic soln. of hydrazine hydrate with chlorine, T. Curtius 
and H. Schulz jirepared hydrazine dichloride, N2HQCI21 I'he hydrazine u 

at the hanie time decomposed: !l(N2Ff4.1L0)+2Cl2“- 3I^20^-N2+2N2HB^2. 
T. I'uitius obtained it by double decomposition of thiosulphate with barium chloride ; 
B, Vfui Rothenburg, by the action of hydrazine hydrate on benzoyl chloiiile; 
and T f^irtius and It Jay, ami E. Ebler by boiling benzalazine with hydrochloric 
acid : No((^QllQ.Cn )2 -I 2H,0 f 21IL'UN2HBn2^■2(JBH5.C0H. T. ihirtiiis said that 
tlie salt ('Tyst.'illizi*^ froju water in octahedra belonging to the cubic system. 
R. W. 0. WycknIT said iliat the crystal unit is a cell 7*89 A. in length eontaiiung 
four muls. The structure is said to be like that of the nitrates of the alkaline 
earths, with hydriizinc radicles in jilace of the inrtal chlorine atoms in phire of the 
nitrate railiclcs. TJio distance between adjacent chlorine atoms is 3-96 A., and 
between the i hlorine and nitrogen atoms, about 3’14 A. IJ. Schiff aud lb Moiisacchi 
found the s]). gr. is I'4l226 at 2U74°, and they reprosenled the 
B|). gr., D, of aq. soln. containing w per cent, of the salt to be 
2)^ 0-99H26H-0-0043GM' l-0-(KK)17u^ at 20°. There is there- 
fore a contraction duriixg tin' dissolution of the salt, and the 
increase in the rontractinu is almost proportional to the 
quantity of salt dissolved. T. Curtius gave 198° for the m.p. 
of the salt which decoTiiposes at the lower temp. — say. 180° — 
giving off hydrogen chloride, and funning hydrazine mono- 
chloride as a clear glass. If heated rapidly on a hot plate, it 
decomposes with a hissing noise or maybe with a detonation. 

If heated for a long time at 140°, it decomposes : 2N2 IIbC 12 
=:-2NH4(fl t-2HCl+No-bH2. The heats of neutralization, FJerfpometric 

and soln. by M. Borthelot and C. Matignon, and E. Bach, 
and the mol. refraction by K. Bach were discussed in ennuee- Sodium Hydroxide 
tion with hydrazine — vide iupra. E. C. Gilbert found that in 
the electrometric titration of 0*025Jlf-so]n. of hydrazine sulphate or dihydrochloride 
with 0'11122V-NaOH, Fig. 52, there arc two i^ections corresponding respectively 
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with the first and second eij. of base. This confirms the conclusion of 0. Bredig, 
and B. Bach that the hydrazine salts containing two eq. of acid are largely hydrolyzed 
in dil. solu., or dissociated into the mono-salt and free acid. The first inflection 
corres]ionds with the neutralization of the hydrogen ion thus produced and the 
second to the formation of the non-ionized N2II5OH, orN2HQ(OH)2. The 
first inflection is sufliciently sharp to indicate that the use of hydrazine in alkali- 
metry os recommended by B. Stoll6 is practicable. The result with ammonium 
hydrosulphate is added for comparison. Each division on the ordinate represents 
100 millivolts. Arcordiiig to T. Curtius and co-workers, the dichloiide is hygro- 
scopic, readily soluble in water, and sparingly soluble in aq. alcohol. V. H. Veley 
measured the rate of hydrolysis of hydrazine dichloiide. The dry salt was found by 
E. Ebler to be complet.ely decomposed by dry chlorine at about 100° ; N2HQCI2 
+2Cl2=6HCl+N2- no nitrous oxide was formed ; when warmed with bromine 
water, much gas is evolved, and no solid residue is obtained on evaporation. 
E. Ebler studied the action of snln. of the dichloride on various salts — stannic, 
arsonie, molyhdic, tungstic, vans die, platinum, gold, silver, copper, and bismuth. 
T. Curtius and co-workcis, and J. Thiele discussed the action on platinic chloride in 
alcoholic soln., a yellow precipitate, (N2H5)2FtClo, is formed, but in aq. soln., the 
platinic salt is reduced to platlnous chloride. K. Beubert and J. Carstens found 
the velocity of the reduction of chromic anhydride by hydrazine is very fast, and 
is proportional to the cone, of the chromic anhydride, the hydrazine and the hydro- 
chloric acid present in the soln. The dihalide salts are readily soluble in water, 
and abnost insoluble in alcohol ; the monohahde salts are readily soluble in water 
and warm alcohol ; and both are almost insoluble in ether and benzene. The 
dihalide salts crystallize in the cubic system. According to P. Borissofl, the 
hydrazine salts are usually isomorphous with the corresponding ammonium salts. 

T. Curtius and U. Schulz found that it hydrazine hydrate be allowed to stand 
over bromine, the base is decomposed, forming nitrogen and hydrogen bromide ; 
but they made hydrazine monobruinidei N2HBBr, as a white crystalline mass, 
by the action of bromine on hydrazine hydrate suspended in chloroform, or by 
treating an alcoholic soln. of hydrazine hydrate with hydrobromic acid, and pre- 
cipitating the salt with ether. The salt ^au be rrcrystallized from soln. in wanii 
alcohol. The rryblals are anisotrojiic, and melt at H0°. They also made hydrazine 
dibromide, N2llBBr2, by evaporating a soln. of hydrazine hydrate mixed with an 
excess of hydrobromic acid ; by decomposing benzalazine with hydrobromic acid ; 
and by evaporatmg a mixed soln. of the monobromide and hydrobromic acid. 
The white powder melts at 196°. The moi. wt. in aq. soln. is only one-fourth the 
normal value. 

T. Curtius and H. Schulz prepared hydrazine fflonoiodide, N2H5I, by adding 
tincture of iodine to a dil. alcoholic soln. of hydrazine hydrate until a point is reached 
when a drop of the iodine soln. produces a yellow coloration : 6(N2H4.1l20)+2l2 
=4N2H5l+5H20H-N2. The salt is obtained by evaporation. They aLo obtained 
it by evaporating an aq. soln. of hydrazine hydrate and an excess of hydriodic 
acid ; by adding ether to a mixed soln. of hydrazine hydrate and hydriodic acid ; 
and by evaporating a soln. of hydrazine ditriiaiodide with on excess of liydriodic 
acid. The long, colourless, prismatic crystals melt at 127°, and then explode. 
The mol. wt. of the salt in aq. soln. is half tlie normal. If the monoiodide be 
evaporated with an excess of cone, hydriodic acid no hydrazine diiodide, N2 HbI2> 
is formed ; but this salt is produced when benzalazine is treated wit^ fuming 
hydriodic acid ; and, according to B. von Botbenburg, when hydrazine hydrate is 
treated with methyl iodide. According to T. Curtius and H. Schulz, the product 
is very hygroscopic, and is coloured brown on exposure to light. It melts at 220°. 
Its mol, iH. in aq. soln. is one-fourth the normal. B. von Botbenburg found 
that the diiodide fumishes benzalazine when treated with benzaldehydc ; and if 
hydrazine hydrate be treated with ethyl or isoamyl iodide, hydrazine ditritaiodide, 
(^2^4)3(111)21 ia formed. This salt was previously obtained by T. Curtius and 
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H. Schulz by adding iodine to a oono. alcoholic sob. of hydrazine hydrate up 
to the 

NH| 

I(NH,)/ \(NH,)I 
I(NH)J l(NH,)I 

Nfl, 

point at which white crystals are formed. The constitution of the salt is repre- 
sented by the above graphic formula. The needlo-like crystals are optically 
biaxial ; they melt at 90°. The salt is very hygroscopic ; and is very soluble in 
water. The mol wt. of the salt in aq. sola, is one-fifth the noimal— hcncc the 
salt dissociates in aq. soln. into three mols of hydrazine hydrate, and two moLs of 
hydrogen iodide. When the aq. soln. is evaporated with hydriodic acid, the 
monoiodide is formed. 

The only evidence of the existence of hydrazine eolphide has been discussed in 
connection with the dissolution of sulphur in hydrazine. The preparation of 
hydrazine dumlphate, N2H0SO4— -generally called hyitozine suTpAofe— has been 
discussed in connection with the production of hydrazine itself. Its preparation 
was described by B. P. Oielkin and co-workers. It is produced when a boln. of 
hydrazine hydrate is crystallized from an excess of sulphuric acid It can be 
regarded as hydrazine hydroflolphate, N2H5.HSO4 ; F. Sommer and K. Weise 
called it mornhyirazon ium sulphate. It was obtained by T. Curtius, and T. Curtius 
and B. Jay, in tabular or prismatic crystals which are biaxial. Tho crystals 
belong to the rhombic system, and T. Liweh gave for the axial ratios, a:b\c 
=0-74532 : 1 : 0-B2825 ; and A. Fock, 0-90J 17 : 1 : 0'C0404. The cleavage is 
comjilelc. A. P. Sabaneefl found the salt to be isomorphous with hydroxylamine 
amidosulphate, NII21SO3H.NH2OH, and ammonium hy droxylaminomonosulphonate, 
NH4808.NII(OII), The sp. gr. is 1-378. T. Curtius and co-workers say that the 
salt Bufiers no change at 250"', and that it melts at 254° with the evolution of gas. 
When melted in a test-tube over the flame, it decomposes explosively into 
ammonium sulphite, sulphur dioxide, hydrogen sulphide, and much sulphur. The 
thermal data by R. Bach, and M. Berthelot and C. Matignou are indicated m 
connection with hydrazine. Fig. 52 shows the result of the electrometric titration 
of the sulphate with sodium hydroxide. T. Curtius found that the salt is B])aringly 
soluble in cold water, but readily soluble in hot water ; T. Curtius and B. Jay said 
that 100 grins, of water, at 22°, dissolve 3-055 grms. of tho salt. The solubility of 
the disulphate was measured by F. Sommer and K. Weise. Expressing cone., S, 
in grams of salt per 100 grms. of soln., it was found that in water, Fig. 53, 


£0' IS’ SO* 

S . 2-794 S-302 3-748 

40* 

4-987 

so* 

6-638 

60* 

8-322 

70" 80" 

10-496 12-680 

b sulphuiic acid at 26’’, 





H,BO. . 0 0-4897 4-887 

fl • . 3-302 3-143 2-680 

26-69 

1-641 

40-00 

1-026 

116-18 

0-518 

144-18 grinn. per litre 
0-4318 

b hydrochloric acid at 25°, 





HCl . 0 0-384S 

8 . • 3-802 3-1G6 

3-045 

2-876 

18-26 

2-662 

36-46 

2-639 

66-08 grms, per litre 
2-616 


and in acetic acid at 25°. 


nia.OOOH 0 0'6167 G-89G3 33-306 63-00 117-38 grms. per litre 

. 3-303 3-1D8 3-147 2-003 2-737 2.323 

According to T. Curtius, the disulphate is not dissolved by alcohol U. Bach 
reported that the salt in aq. soln. is resolved into the ions N2H5’ and HS04"; T. Curtius 
and H. Schulz found that the mol wt. of the salt in aq. soln. is half that of the 
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normal salt; and F. Bonunei and E. Weise say tbat the f.p. measure- 
ments correspond with ionization into three ions. According to F. Fried- 
richs, the salt undergoes a reversible reaction with liquid ammonia, N2H0BO4 
+2NH3^(NH4)2S04+N2H4 — wdc hydrazine. The disulphate does not react with 
nor dissolve in liquid sulphur dioxide. Most of the reactions indicated in con- 
nection with hydrazine (^.o.) were made with hydrazine sulphate. According to 
F. Sommer and K. Weise, hydrazine disulphatc does not yield double salts with 
other metallic sulphates under ordinary conditions, being largely hydrolyzed into 
the monosulphate and sulphuric acid. It dissolves in cone, sulphuric acid and 
deposits colourless crystals of hydrazine hydrodisnlphate, N2^n^^4i^2^04. 
A definite double salt is obtained by adding the solid sulphate to a hut, roncen- 
trated soln. of ammonium* sulphate in large excess. Colourless crystals, stable in 
air but decomposed by water, are obtained having the rompositiim of ammoniom 
hydiazine dikdphate, N2HeS04,(Nll4)2S04. This is the only known double 
salt of hydrazine disulphate. P. ¥. Frankland and K. C\ Fanner found that hydra- 
zine sulphate is not attacked or dissolved by liquid nitrogen peroxide. 

If a soln. of hydrazine sulphate be exactly neutralized with sulphuric ncid, and 
evaporated, finally in vacuo, crystals of the normal sulphate, hydrazine mono- 
sulphate, 21^2114.112804, 01 (NoIl5)2S04, are produced. F. Sommer and K. Weise 

call it dihydrazotiium sulphatr^ and they ]irej»ured it by 
stirring a hot soln. of the ordimiry sulphate with an ex- 
cess of barium carbonate, the reaetinn being 2N Jf0RO4 

+BaC03- (N2H5)2S04 l-BaSOj j HoO { i\h. “ Tim 

soln. becomes alkaline, and is then made faintly acid 
with sulphurie acid and filti'red. The filtrate is 
evaporated and roolfMl in ice, when a rrysialline 
powder of the monohydrate (IsyfrJaSOjJLU sepa- 
rates, and may be repryttallized from water, when it 
forms large, transparent, doubly refrarting, tabular 
erystah. It is mueh more soluble in water than 
ammonium sulphate. Tlie solubility eurve, Fig. 53 , 
consists of two branches, intersecting at the transition 
])oint between the monohydrate and anhydrous sail, 
the transition temp, of which is 47 - 3 *'. The solubility data expretsed in grams of 
the salt, Sj per 100 grms, of soln., arc as follow : 
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Aerordirig to C. Muntemartini and L. Losana, a P) j>er rent. aq. soln. of hydrazine 
sulphate show.s an arrest at 35 ® and one at 55 ’ on the density-temp, curve. Tho 
anhydrous salt forms long, colourless prisms. T. Curtins reported that this salt is 
deliquescent in air ; and is almost insoluble in alrnhnl. The thermal data by K. Bach 
have been discussed in connection with hydrazine, (2N2,5Il2.S,3()2,Aq )— 230-3 t^als. 
T. Curtius gave 85 ® for the m.p. ; F. Hummer and K. Weise, 118 - 9 ®. L. Loiig- 
rliarribon proved that the salt is optically active and gives euantioniorphic crystals : 
for A - 436 , 516 , and 579 , tho optical rotations are respectively 4 ®, 3 - 05 ®, and 2-8". 
T. Curtius and F. Schrader described double salts of the type MH04.(N2ll4)2H2S04, 
where M denotes Cu, Fe, Co, Ni, Cd, Zn, and Mn ; and F. Sommer and K. Weise 
assume them to be constituted M(S04.NIl3.NH2)2- They did not succeed in making 
the double salts with sodium, potassium, or ammonium, but they made the double 
salt with lithium sulphate, 112804 (N2H5)2S04 ; calcium sulphate, Ca804(N2H5)S04 ; 
magnesium sulphate, MgS04.(N2H5)2S04.4H2() > aluminium sulphate, or hydra- 
zine-alum, (N2H5)A1(S04)2,12H20 ; and chromium sulphate, (N2ll6)Cr(S04)2.12H2t)- 
When hydrazine sulphate is added to a soln. of nickel sulphate, a reddish-violet 
precipitate of the trihydiazinate is first obtained, but dissolves to a blue 
-soln., from which blue crystals of a salt, nickd hydraziDOtriagnoBnIphate, 
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NiS04,N2HA,3H20, separate aft or a day. This salt is insoluhlc and is stable in air. 
but is decomposed by heating with water. 

According to T, Gnrtius and B. Jay, aq. sola, of hydrazine hydrate attract 
carbon dioxide from atm. air, and when the soln., sat. with that gas, is evaporated 
in vacuo, a caustic, syrupy liquid remains— presumably hydradne carbcmatB. 
The product is very hymscopic, sparingly soluble in alcohol, and, according to 
A. Furgotti and L. ^nichelli, is decomposed by heat. 

According to A. F. Sabaniefi and E. Dengin, normal hydrazine mononitrate. 
N2U5NO3, was prepared by neutralizing hydrazine hydrate with nitric acid, nsing 
litmus as indicator, and crystallizing the liquid. F. Sommer made it by mixing 
hydrazine disulphate and barium nitrate, adding sodium carbonate to remove free 
acid, and separating the sodium and hydrazine nitrates by crysiallization, fusion 
at 70°, and rccrystallization from methyl alcohol. It is ncceBsarv to fuse for some 
lime iu vacuo to remove the last traces of alcohol. The salt lurlls at about 69° ; 
F. Sommer gave 70-71°, and W. B. E. Hodgkinson gave 70°. The last-named said 
that the salt can bo kept for a long time at 100° without change, and that at 200°, 
in vacuo, it decomposed: 4N2U5NO3— 5N2+2NO-f]0Il2O. A. F. Sabaniefi 
and E. Dengin said that the salt begins to volatilize without docomjioBilion at 140°, 
and added that it may he heated to nearly 000° without decomposition. It 
detonates when heated quickly over the free flame. W. B. E. Ilodgkinhon found 
that when heated under press., the salt decomposes with explosive violence, but 
under ordinary press,, it burns rapidly. AiTorrling to F. Sommer, by analogy 
with ammonium nitrate, hydrazine nitrate, N2II5NO3, might be expected to exhibit 
enantiomorphic inversions, but if such do occur, they have not been detected by 
thermal, ddatometric, or Bolubility methods. By cooling from 100°, a labile 
nuidiricaiion appears at 62°, differing from the stable eryhials, hut this always 
rhanges to the stable form before 40° is rearheil. The labile erystah* melt at 61-8". 
A. F. Rabaneei! and E. Uengin found the mononitrate to be very boluble iu water ; 
and F. Sommer gave for the solubility, 5, in grams per 100 grins, of sat. soln. : 

ir 15’ 20’ 25* lO’ 40’ 50’ 00’ 

. G3*63 08-47 72-70 76-01 81) 00 85 SO Ul 18 90-51 

The bolubility curve is continuous from 10° up to the m p. A. P. SabaiieefF and 
E. Dciigm sold that the mononitrate is very sparingly soluble in absolute alcohol ; 
the hot alcoholic soln. furnishes noedlc-like crystals on cooling. With cone, 
sulphuric acid, nitrous oxide is turbuleiitly evolved; dil. sulphuric acid (J :1) 
decomposes the salt, forming hjdrazoic acid ; and with pliospliorus pcniachloride, 
liydrazme monochlondo is formed. According to W. 11. E. Hodgkinson, the 
aq. soln. has very little action on metals such as zinc, cadmium, and magDrsiiim, 
which are strongly acted on by soln. of aiiimonium nitrate, but the fused salt acts 
more vigorously than fused ammonium nitrate. Zinc, copper, and most other 
metals, as well as oxides, sulphides, nitrides, anil carbides, cause a flaming 
decomposition at temp, little above the m.p. Cobalt and nickel that have 
been thoroughly melted behave like the other metals towards fused hydrazine 
mtrato, but commercial rubes of cobalt cause a very violent action, followed almost 
immediately by a severe explosion. Nitrates of bases, such as aniline and toluidine, 
both in soln. and when fused, behave towards most of the metals in a way analogous 
to ammonium nitrate. 

A. F. SabandefE and E. Dengin made hydrazine dinilxate, N2TIo(N03)2, by double 
dexomposition with hydrazine disulphatc and barium nitrate, or by half ncutrabzing 
nitric acid with hydrazine hydrate. On evaporating the soln., needles or plates 
are formed. The aq. soln. cannot be cone, on the water-bath to more than % per 
cent, nitrate because decomposition then occurs. Alcohol precipitates the mono* 
nitrate tom the aq. soln. The m.p. is 103°-104“ with rapid heating ; when slowly 
heated, it decomposes at 80°-86° without melting, forming hydrazoic acid, nitrin 
acid, nitrogen, water, hydrazine mononitrate, and ammonium nitrate. The 



INOnaANIO AND THBOBETIOAL OHEMISTRT 


Balt alflo deoompoBeB when kept ovei Bolphniic acid at oidinary temp., forming 
hydraBoic acid, etc. 

A. F. Saban fofi prepared normal or primary hydranine pho8idiAte» or hydrazine 
dibydrophoephate* N2H5.H2PO4, by double decomposition with hydrazine 
disnlphate and barium hydrophosphate ; and by neutralization of hydrazine 
hydrate with phosphoric acid using methyl orange as indicator. The salt is 
readily soluble in water ; it melts without decomposition at about 82 " ; and its 
f.p. in water is about half that required to give the normal mol. wt., so that the 
Bidt furnishes two ions per mol. It is isomeric with hydroxylamine amidophos- 
phatc, 0F(0H)(0.NH40)NH2. He also made hydrazine bisdihydrophoephate, 
N2H0(H2FO4)£, by double decomposition with hydrazine disulphato and barium 
dihydro^phate ; and by dividing a soln. of phosphoric acid in two equal parts, 
neutralizing one part with hydiazme hydrate, using methyl orange as indicator, 
and mixing the two soln. Crystals arc readily obtained on evaporation. This 
salt is less soluble than the normal salt. Its f.p. in water indioates the formation 
of three ions. The salt is isomeric with hydroxylamine amidohypophosphate, 
(NH80H).H2F20e. 
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§ 28 . Hydrogen Azide* Hydrazolc Add, or Azoimide 

Nitrogen gas is rivalled only by argon and its congoners in its reluctance to take 
part in chemical changes ; but when united with other elements it furnishes a pro- 
fusion of derivatives remarkable for their great chemical activity. Hence, 
M. 0. Forster i could say that nitrogen is one of the most versatile forms of elemental 
matto. As previously indicated, the extraordinary inertness of ordinary nitrogen, 
N2, is attributed to the tenacity with which the two atoms of the mol. remain in 
combination. In ammonia, and the amines or amides, one nitrogen atom is 
united with other elements ; in hydrazine, the diamides, or diazo-compounds, 
two nitrogen atoms are grouped together ; and in azoimide or hydrazoic acid, or the 
triazn-compounds, a complex of three nitrogen atoms acts as a monad radicle. 
The different compounds of hydrogen and nitrogen which have been prepared 
are as follow ; 

Babob. Add. Salta. 

NH, N,H NiH^ NjH* 

Ammonia, DlamldBor Asolmldeor Ammonium Hydraainp Nllroapn 

Hydrailne. HydrazoLo add. ndde. ad do. UHU'drodnlde. 
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E. J. l(Bnmeii 4 * ckimed to have made a salt of imide, or rather ffilmUe, EH, 
or N2H(, t.e. H— N=N— H, namely, dnmufe hyiroMnide, N2H2.2HC1, by the dry 
distillation of ammoninm chloropUtiiute, (NH4)2PtGl(=4BCl-|-Ft+N2ll2.2HC3, 
trhen the salt in question collected in six-sided rhombic crystals, in the neck of the 
retort. This claim has not been established ; T. Ourtiui> and B. Jay did not 
Boccpcd in making it by heating hydrazine hydrochloride 

Wliile the doubling of ammonia on itself produces diamidc or hydrazine, N2H4, 
i.e. H2=N— N=!:n2, the attempt to extend the operation one stage further, so 
os to produce NgHj, t.e. Hg— N— NH— N=H2, triamidei or ttia&uie> has not been 
successful. 


Ammonia, NH3. 


DUmlde, NH, NIT,. 


N-H- 


,NH, 

EH, 


Ttiamlfc, IIH,.NH.NH,. 


F. Rasrhig thought that in the reaction between sodium hydroxide and chloramine 
(}.«.), it is probable that there is formed some ttiimide, NgH,, or 

N.H 

H.N^N.H 


For Bodiiim triimide, vide action of sodium on hydrazine. The inclination of 
nitrogen to form long chains and closed rings is far less than is the case with carbon ; 
with the latter, there seems an almost unlimited number of hydrogen compounds ; 
with nitrogf^n, comparatively few are known, and these sir usually unstable bodies, 
often expletive. 

J. 'J'liielB and W. OhbomB,’ and 0. DimroUi, however, did succeed in preparing organic 
derivativee of the open chain triazone or tiiamide which they named prozone, HgN NJi.NH,, 
after the well-known hydrocarbon propane, CU|.CH|,Ctii; and if. von Pechmann has 
prepared organio derivatives of buune, or tetrazone, H|N.NH.NH.NH|, named after the 
hydrocarbon butane, C 11 ,.CH 3 .CH|.UH|. Still further, T. Curtius prepared orgamc deri- 
vatives of what he called buzylens, KH|NU.N :Nli, after the liydrocarbun htitylene, 
(11, UJfi.t'H : Cil| ; the four-Unk chains of the nitrogen-hydrogen rompounds are some- 
tiinea railed teira^mea (also feirazoThett), and both symmetrical (NH,.N : N.NH,) and 
unMyminetriral (Nil, NIl.N : NH) derivatives have been prepared — ^the former by 
A I* N. PranciiiiTKjiit and H von Erp, and the latter by A. Wohl and iJ. SciiifT. Organic 
derivatives wore alt>o mode by E. Fisehcr, A. Michoelis, A. Angoli, J. K Uoiloy, K. Stolid, 
l'\ Itonouf, etc., and were discussed in tho monograph of 11. Wieland. Organic dprivativos 
of a rhoin of five nitrogen atoms HN : N.NH.N : NN, perUazme, analogous with the di-oletine 
hydrocarbon pentadimr, CH, : : Cll,, have been mode by H. von PDclimann 

and L. Frobenius. The longest known chain oi nitrogen atoms is an eight -link ehain in 
the organic ilerLvat ivcs of octazone, NH : N.NH,.N . N.NH,.N : NH, iiropared by A. Wohl 
and Jl. Srbii!. 


When T. Cuitius attempted to add another nitrogen atom to the two 4 inkcd 
rhain in diamidc so as to form a thrcc-linked chain, he found that the two terminal 
nitrogen atoms linked with one another to form a closed ring of three nitrogen 
atoms: 


:>N- 

the so-called triaEO-group, which, in its simplest form, is represented by liydrazoio 
add, or azoimido, Nj^H. There is a large class of organic compounds, including 
many artificial colouring agents, in which the triazo-group is the dominant radicle. 
The simpler compounds of nitrogen — ammonia, and hydrazine— have basic 
pruperties, forming salts with acids, the triazo-hydride has acidic properties, hence 
tho name hydrazoic acid, HN3. Indeed, it forms with ammonia the curious salt 
N1U4, i.e. ammonium azide, (NH4)Na ; and with hydrazine, the still more curious 
Balt N5H5 — t.B. hydrazine azide, N2H4.HN3. 

When nitrous acid acts on ammonia, say by heating ammonium chloride with 
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lodhim nitrite, both atoma of nitrogen aie liberated m the form of diatomio mob. 
The fundamental equation u 

^°*+N0.0H^|+2H,0 

but iiL 1890, T. CurtiuB found that if hydrazine bo used in place of ammonia, the 
attack of nitrous acid furnishes the simplest known form of the triazo-group, NsH. 
The fundamental equation is 

^*+no.oh->2>n-h J 2U,0 

Thu Bjntheris of hydrazoic acid, said D. I. Mendebrii, marka one of the moat 
important achievemrnta of thr year 1890. This icmarkablB acid baa no stnictuial 
parallel among the inorganic acida, and in that respect it occupies on uolated 
position. The phenyl deriTative of thu acid, CgHg.Ng, was discovered by J. P. Orieaa 
inl867. 

General usage haa not definitely Axed a name for this compound. T. Purtius called 
it ozotmtife ; H. C. Jones, £nasotc acid ; L. M. Dennis wd co-workors, hydmwUnc and ; 
and D. I. Mendoleeff, hydroniifrous acid The term “ azoimide ’* does not indicate the acid 
character of the compound, nor the analog between it and the halogen acids. The term 
"hydruiutric” is presumably intended to mdicato the absence of ox>gen, and make the 
name confoim with the other hydro-acids. To avoid confuRion with the other oxy -nitrogen 
acids, and to give a hint of the relationship of the acid with the triazo-group, hydrazoic acid 
is commonly preferred. In any caso, the name of the salts should be related with that of 
the parent acid. L. M. Dennis and co-workers, who used the term hydrtmUnc actd, call 
the salts frtnitndfn, to distinguish thorn from the ordinary lutridee of the t3'pB K|N, and 
to keep up the analogy with the habdea. £ C Fmnkhn n'gnrdnd it os ammoniated nitric 
acid, and called it ammononitnc and; and A. W. Browne unil F Wilroxnn, in allusion 
to its formation by the hydraziiiolysis of nitroim acid, hydrazmonUroua and or amtnono- 
hydrazoMtnc and — vtdt infra If hydrazou and be apphcd to this compound, the salts, 
for the same reason, can be called osidts. The root ol the ord " hydrazoio " is of course 
azote, the term used in Frani o for nitrogen 

The fundamental reaction just indicated is not well adapted to the production 
of hydrazoic acid or its salts in quantity. Following L. M. Dennis and co-workers,^ 
the methods which liave been proposed for the preparation ol hydrazoic acid, may 
be conveniently summarized ; 

(1) The action of a compound containing a chain of iu'o nitrogen atoms united to 
positive atoms or radicles (e.g. hydrazine, HnN.KII^ upon a compound rontaining a 
single nitrogen atom united to a negatw radicle (e.g. nitrous acid, — In the 

classical experiments of T. Curtius, in conjunction wilh G. Struve, henzoylazide, 
C 5 H 5 ,C 0 .N 3 , was made by the action of sodium nitrite and acetic acid on benzoyl- 
hydrazine, C 6 H 5 .CO.NH.NH 2 ; and the product was hydrolyzed by a soln. uf sodium 
hydroxide. The resulting sodium azide wa.s mixed with sulphuric acid and distilled 
to get the hydrazoic acid itself. Sodium eihylate or alroholic ammonia was later 
used for the hydrolysis. Hippuryl hydrazine was also found to give better results 
than benzoyl hydrazine. 

In DoimactiDn with the hydrolysiH of benzoylazido, it is intemling to rerall that triozo- 
benzone or phenylazide, CtU|N4, is so stablo that it cannot be directly hydrolyzed by the 
action of acids on alkidieB to form hydrazoic acid, but £. Nblting and B. Granrixnougin 
were able to show that if an acidic radicle, eay a nitro-group, be introduced into the phenyl 
nidicle— say by treatment with nitric arid whereby p-nitrophenylazide, C|H|fNO|)N|, 
is foimed^the product is readily hydrolyzed by alkali-lye Similar remarks apply to the 
ortho-derivatives, while, curiously enough, the mrta-dorivatives are not so readily 


hydrolyzed. 

NO,k 

NO,f 

NO, 

N, 

N. 

N. 

OrthoiUtrophenyUds. 

MBUnltiophmylad^. 

Fm-nltio|ilien;Iuldf, 
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T. CurtiuB prepared hydrazoic acid by tbe action of the red gases evolved 
fiom a mixture of nitric acid and arsenic trioxido upon a dil. ice-cold soln. of 
hydrazine hydrate ; and A. Sabaneefi and E. Dengin obtained a 10-12 per cent, 
yield of hydrazoic acid by heating hydrazine sulphate with nitric acid (sp. gr. 1*3). 
The formation of hydrazoic acid by heating various hydrazino salts (;.v.) was studied 
by J, W. Turrentino. 

There are many different interpretations of the reaction between hydrazine 
and nitrous acid since these two substances can furnish a variety of products : 
for instance, according to A. Augeli : N2H4+11N02-^N3H+2H20 ; M. Dennstedt 
and W. Gbhlich: 3N2H4+6HNO2-2N3II+2N2O+O2+N2+8H2O ; J. de 
Girard and A. do Saporta: N2H4+2HNO2— N2+2NOH-I-2II2O ; E. Francke: 
N2H4+HNO2-NH3+2NO+II2O ; H. K. Dey and B. B. Sen; 2N2H4+3HNO2 
=rN2+2N20-|-NH3+4I]20. F. Sommer and H. Fincas have shown that the 
road ion is not really so involved as these different equations might suggest if the 
nature of the soln. — acid or neutral — ^be taken into consideration. They show 
that hydrazine and nitrous acid react in neutral sobi. to form stable hydrazine 
nitrite which is decomposed by heat into ammonia and nitrons oxide : (i) N2II4 
-f HN02=N2ll6,N02 ; and ^2^6 ^02— NH3+N2O+H2O, a change wWch is 
accelerated ))y the presence of free nitrous acid or other weak acids. With strong 
aiids, the reaction is different: (ii) N2H4+IIN02=HN8+2H20 (T. Curtius’ 
reaction); or (iii) Ngll-f HN02=N2H N20-fH20 (J. Thieles reaction) in which 
the hydrazoic acid is destroyed. Hence, in neutral snln., the reactions ran be 
referred to the decomposition of the mols. of hydiazine mononitrite : N2M5NO2 
-IJll3+N20-fll20; and of hydrazine diiiitrite: N21 Ib(N 02)2=N20+H20 
-f-Nn4N02 (N2-|”2H20). J. Thiele’s reaction proceeds with a greater velocity 
llmii T. durtius’ re^tion. Increasing the eonc. of the acid favours J. Thiele’s 
rr.iction and this lowers the yield of hydrazoic acid. The best yield was obtained 
by using 400 c.c. of a 10‘5 per cent. soln. of phosphoric acid, 27*6 grms. of hydrazine 
clilonrle, and a solu. of 1 - 3 D grms. of sodium nitrite in 400 c.c. of water. Assuming 
th.at this argument is correct, it follows that to obtain a high yield of hydrazoic acid, 
i lie cone, of the acid should be high, and the hydrazine cone, low to avoid reaction (i) ; 
hut if the cone, of the acid be too high, an excess of hydrazine will be needed for 
protection against reactioji (iii). F. Sommer and H. Fincas consider that nitroso- 
hydrazine is an intermediate product of reactions (i) and (ii) : Nn2-NH2+H0.N : 0 
“NH2.N : N,0II+H20. The nitrosohydrazine exists in the nitroxyl form, 
NII3.N : N.OU, and the true nilrosoform NH(NH2)NO. In strong acid soln. the 
the luttnr form preponderates and readily breaks down into ammonia and nitrous 
oxide, whereas in weak acid soln. [e.g, acetic arid), an equilibrium may exist leading 
to both reactions (i) and (ii). The reaction was further discussed by F. Sommer, 
A. W. Browne and 0 . R. Ovennan, and A, Angcli. The last-named assumed that 
in the formation of hydrazoic acid from hydrazine, an intermediate compound, 
probably tetrazone, NH2.N : N.Nn2, is formed. 

S. M. Tanatar made hydrazoic acid by treating a 3*3 per cent. soln. of nitrogen 
chloride in benzene with an aq. soln, of hydrazine sulphate. The yield approximated 
36 cent. A. Angcli treated hydrazine sulphate with a cold sat. soln. of silver 
nitrite when a crystalline precipitate of silver azide was produced in a short time : 

NTT N 

Sh* H^O 

M. Dennstedt and W. Oohlich used potaesium nitrite and hydrazine disulphate ; 
3 (N,Il 4 .H 2 S 04 )+ 6 KN 0 s+ 3 H 2 S 0 ,= 2 N 3 U + snjO + 6KHSO, + 0 , + N, + 2 N* 0 . 
The monosnlphato, (N2H4)2.n2B04, gives a mixture of ammonia and hydrazine. 
It is supposed that an unstable hydrazine nitrite, N2H4.2HNO2, is first formed with 
nitrogen quinquevalent : 

0=N^— N(^N=0 
HO^ ^OH 
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Three mole, of this nitrite condense with the elimination of six mols. of water ; 
and the resulting complex splits into two parts, each of which closes up into a 
ring with three nitrogen atoms and the simultaneous loss of nitrogen and water 
to form the intermediate product ; 


H-N <1 


N— N- 
N— N- 


O 

0 


which then gives ofi nitrous oxide and oxygen, Iraving hydrazoic acid. J. Thiele 
obtained better results— in fact, almost a theoretical yield— by using an cthrreal 
soln. of ethyl nitrite and sodium methoxide in well-cooled ethereal soln. R. Stolid 
used amyl nitrite in place of ethyl nitrite. 

2. The a/ction of a comfound containing a chain of two nitrogen atoms united to a 
7icgaiivc atom or fWiclr (eg. nitrous oxide, N2O) upon a compound containing a 
single nitrogen atom united to positive atoms or radicles (e.g. ammonia, NII3). The 
typo reaction is NoO+NHs-^NsH+HgO. W. Wisliccnus could not make the acid 
by the direct union of these two compounds, but was able to make it quite readily 
from inorganic mutprials by Iho action of dry nitrous oxide upon soilamide between 
150 “ and 250 “ : 

JJ>0+|>N-Na^H20+5J'>N-Ni 


Dry ammonia is passed over metallic sodium in a nickel boat between 250 ’’ and 350 °, 
and Bodamide, NaNH^i is formed. In about six hours all the sodium will have 
been converted into amide, and the current of ammoma is rcplaiTd by one of 
nitrous oxide. This is continued at 100 “ for about 6 hrs. when ammonia is no 
longer evolved. The product of the reaction is a mixture of sodium hydroxide 
and sodium azide, I'his is dissolved in water, the soln. acidified with dil sulphuric 
acid (1 : 1), and distilled. The first quarter of the distillation contains most of the 
hydrazoic acid. W. Wislicenus, and L. M. Dennis aud A. W. Browne obtained 
hydrazoic acid in this way by the ammonolysis of nitrous oxide at high temp., and 
A. Joannis likewise by working at a low temp, in liquid ammonia, E. C. Franklin 
obtained sodium azide by allowing a mixture of sodium nitrate and amide to 
react with liquid ammonia warmed in a sealed tube ; and A. W. Browne and F. Wil- 
cozon, by the action of sodium amide on the fused nitrate : NaN03-|-3NaNH2 
=NaN3+3NaOH+NH3 ; a 65-7 per cent, yield was obtained at 175 ° — presumably 
the high temp, favours the decomposition of the azide. B. Rtollc treated cyanamide 
or dicyanodiamide, or their derivatives, with nitrous oxide at a high temp, in the 
presence of a catalyst and a dehydrating agent ; and distilled the resulting azido- 
compound with an acid to produce hydrazoic acid. 

3 . The smuUaneous oridation of two compounds, one of which contains two nitrogen 
atoms and the other a single nitrogen atom, and both united to positive atoms or radicles. 
—The type reaction: H2N.NH2+NH20n+02->HN3+3H20, is illustrated by 
S. M. Tanatar’s method in which a hot soln. of mol. proportions of hydroxylamine 
and hydrazine in dil. sulphuric acid is oxidized by the slow addition of perman- 
ganate, bromine, red-lead, lead dioxide, hydrogen ^oxido (yield about 2G per cent.), 
or chromic acid (yield about 29 per cent.). The hydrazoic acid is separated by 
distiUation. L. M. Dennis and co-workers suggest a reversal of this method — 
the eimultaneous reduction of two compounds, one of which contains a chain of 
two nitrogen atoms and the other a single nitrogen atom and both united to 
negative radicles— as a likely process for investigation, 

4 . The OMdation of hydrazine sulphate hy various oxidizing agents.— The tyje 
reaction is symbolized: 3N2II4H 30 -^ 2 HN 3 -|- 5 If 2 U. A. W. Browne and co- 
woikera made a special study of this process. The fact that ammonia is fount! 
among the products of the reaction has led to the inference that there is a side 
reaction : 2N2H4+02=N3H-|-NHs-f 2H2O ; but F. Sommer has given a more 
probable ezplanatiDn of the reaction; he considers that ammonia is the first 
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product of the ozidAtion of hydrazme ; and if the oxidizing agent can convert this 
into nitrous acid, there will be a ddo-reaction between the nitroUB acid and the 
hydrazine etill unacted upon whereby hydtazoic acid is formedj and therefore 
the formation of hydrazoic acid by the oxidation uf hydrazine is a special case of 
the first type of the methods of preparatiun Lore bring d^'iscribcd. The presence 
of hydrazoic acid is taken as evidence that nitrous acid was formed as an inter- 
mediate product. With potassium persulphate as oxidizing agent, A. W. Browne 
obtained a 40 per cent, yield of the acid ; with hydrogen in dil. sulphuric 
acid, a 28 per cent, yield— the more acid the sola., the greater the yield of hydrazoic 
acid up to a soln. contaiuing 5 gnns. of hydrazine sulphate, 250 c.c. of water, and 
100 c.c. of cone, sulphuric acid. Ammonium metavanadate at 80° gave a 13‘5 per 
cent, yield ; potassium chlorate^ in the pr^ence of dil. sulphuric acid, 22-4 per cent, 
of hydrazoic acid accompanied by 48*8 per cent, of ammonia ; potassium hromate, 
6*58 per cent, of hydrazoic acid along with 9*77 per cent, of ammonia ; while 
potassium iodate gave no result— the last-named salt, however, dors oiddize in the 
presence of silver sulphate. Potassium permanganate and manganese dioxuk^ as 
oxidizing agents gave respectively 3*2 and 2*3 per cent, of the acid. The production 
of hydrazoic acid during the electrolysis of hydrazine salts has been discussed in 
conned inn with hydrazine. 

5. The decomposition of a compound containmg a cfuiin of three or more nitrogen 
atoms.— ¥ot example, M. Freund and A. Schaniler prepared hydrazoic acid by the 
action of alkalies on amidothionitrazole : 


N< 


N— N 
S-O-NH 


I 


and J. Thiele prepared it by the action of alkalies upon diazoguanidine salts, say 
the nitrate 


H-N 


>C-H 


"N-N-NO. 


The aq. soln. of the free acid can be obtained by distillation with sulphuric acid as 
indicated above ; repeated fractional distillation furnishes a soln. containing D1 per 
cent of hydrazoic acid. The remaining water must be removed by calcium chloride. 

An aq. soln. of hydrazoic acid was prepared by the Deutsche Gasgluhlicht-Auer 
Gesellschaft by adding oxalic acid and alcohol to u soln. of alkali azide, and 
removing the precipitate. L. M. Dennis and H. Isham prepared the anhydrous 
acid by slowly dropping dil. sul- 
phuric acid (2 ; 1) on to dry 
potassium azide wanned in a large 
flask, Fig. 54, while a current of 
air, freed from carbon dioxide and 
moisture, was passed through the 
system. The hydrazoic acid is 
carried by the stream of air 
through a U-tube with a 30-cm. 
layer of calcium chloride, and 
thence into a receiver cooled by _ ^ 

thc hydrazoic 64.— L. M. Dennis’s Apparatus for Anhydrous 

acid IS frozen to a white sohd. HydrazoieX-id. 

To prevent waste, the receiver 

should be followed by a flask containing methyl alcohol, and fitted with a calcium 
chloride tube. The apparatus should be placed in a hood behind a screen of thick 
plate-glass because aidiydrous hydrazoic acid is very liable to explode violently at 
room temp. The hands should bo protected by heavy gloves, and the face by a 
mask with plate-glass goggles. For phosphorus pentoiddo as a desiccating agent, 
vide infra. 
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VnB phyrical properties of hpdiaeoio acid.— Hydiazoic acid is a colomleBs, 
mobile, volatile liquid. According to L. M. Dennis and H. Ishamj the liquid ia 
heavier than water and poBseSBea a high aiiiface tension, and large vap. presa. At 
ordinary temp., the liquid appears to be quite stable— a sample kept for 4 or 6 days 
showed no signs of decomposition. It may be shaken in smooth-walled vesseJs with- 
out danger of explosion. P. ,T. Kirkby and J. E. Marsh measured the quantity of 
dectricity set free when hydrogen azide is exploded by the passage of an electric 
spark ; they found that the number of ions set free is exceedingly small in com- 
parison with the number of mols. decomposed in the explosion. The ratio was 
always less than 1 to 100 , 000 , and this seems to indicate that dissociated atoms do 
not, in general, carry electrostatic charges. It is supposed that the formation of 
the ions is due to those impacts between the dissociated atoms which occur under 
specially favourable conditions, amongst which a relatively high velocity is pro- 
bably the most important. Except under these circumstances, the combination 
of the dissociated atoms takes place i^ithout the production of ions. From ex- 
periments at diiTercnt press, it was found that the hydiazoie acid could not be 
exploded when the press, was less than about 10 mm. In the case of pure hydra- 
zoic acid this liimtmg press, would probably bo smaller. The value of the limiting 
press, is much smaller than that obtained in previous experiments with electrolytic 
gas, for which 80 mm. was observed as the lower limit. After tlie explosion ex- 
periments, copper azoimide was found to be present in the gold-plated brass explosion 
vessel, and it is shown that this is probably formed in the actual explosion, tlie 
dissociated Ng-group being driven through the layer of gold into the brass as a con- 
sequence of the forces developed in the mol. disrupt inn. T. Curlius and R. Kaden- 
hausen’a attempts to determine the vapeur density were frustrated by its in- 
stability — i,e, its cxphjsivencss ; but L. M. Dennis and II. Isham sueceeded in 
showing that the vapour density corresponds with the formula IIN 3 , The Lqiiid 
boils at 37®, and it furnishes a white solid on cooling. The solid inells at —87®. 
At the b.p., the liquid vaporizes mainly from the surface, only very small gas bubbles 
rise thiough the liquid. It is not decomposed when boiled. Acetmliug to M. Der- 
thelot and C. Matignon, the heat of formation in aq. soln. is (3N,ll,Aq.)=— Gl ’6 
CaJs. ; N 4 II 4 hAq.-N3U.NH3aoin.-32‘3 Cals. ; N 4 +ir 4 -N 3 lI.Nn 3 „vbt -2fi-3 
Gals. Hydrazoic acid is the must endothermic compound of the nitrogen hydriilca. 
The heat of soln., at 11®, is —7-08 Cals ; the heat of neutralization by baryta, 
lO'O Cals., and by ammonia, 8-2 Cals. The heat of combustion at coustant vol. ia 
163-8 Gals , and at constant press., 1G3-3 Cab. J. C. Philip found that while the 
increment of at. refraction lor an atom of bromme is 8-93, that for the triazo- 
gioup b 8-01 ; and for the at. dispeisiou, the increment due to bromine 0-35, and to 
the triazo-group, 0-36. W. Ostwold said that the electrical conductivity of aq. 
soln. of the acid shows it to be stronger than acetic acid. A. Uantzsch found 
that the conductivity increases so much with rise of temp, that at 25® the acid 
b almost as strong as acetic acid, and at 0®, it b rather weaker. C. A. West 
obtained for the mol. conductivity, jx, for a dilution t;= 10 , /i=5'38; for v— 100 , 
/x=16'98 ; and for v=1000, fi= 45*97. The ionization constant thus ranges from 
0*04166 to 0 - 04198 ; and the value deduced from the inversion of cane-sugar b 
0 * 04 ! 86 . He therefore inferred that the strength of the acid b somewhat greater than 
that of acetic acid, and approximately one-seventieth the strength of hydrochloric 
acid. E. Oliveri-Mandala gave 0 * 8 x 10 "^ for the ionization constant of the acid 
for 0=40 at 0® ; 0-9 x10~b at 10 ® ; and 1*2x10"^ at 20 ® ; and A. Hantzsch gave 
for 0=64—256 at 0 ®, 1*0 x 10 ~®, and 1*9 Xl(^® at 25®, J. 0 . Pldlip, and W. G. &ha- 
poschnikofi studied thb question. M. le Blanc found the decomposition potential 
to be 1-29 volts. E. C. Bzorvasy, and A. W. Browne and 0. E. F. Lundell showed 
that during the electrolysb of hydrazoic acid rather a smaller voL of nitrogen b 
liberated at the anode tiian corresponds with theory, and this was attributed to a 
^lymerization of the nitrogen, but A. Peratoner and G. Oddo said that it is more 
lilcely to be caused by secondary reactions. According to A. W. Browne and 
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G. E. F. Lnnddlli purified hydraeoic acid ofiers a veiy high resLstanoe to the electric 
cuirent and has a sp. conductivity approximately equal to that of pure ammonia. 
On dissolving potassium azide in the anhydrous acid, the conductivity is greatly 
increased, and when such a suln. is electrolyzed, at — 78 °, nitrogen and hydrogen 
are evolved in a ratio which is approximately 3 : 1 , but somewhat less under certain 
conditions. Ammonia is formed during the electrolysis, but hydrazine is not 
produced. Where the apparatus was not shattered, mercury was attacked at the 
anode, indicating that active nitrogen is there produced. This subject was studied 
by F. L. Usher and B. Venkateswaran. L. M. Dennis and H. Isham electrolyzed 
hydrozoic acid with a zinc anode — vide injra^ zinc azide. L. Birckenbach and 
K. Kellermann compared the decomposition potential of the potassium salts of 
the halogens and what he called the pseudohalogens, and found that they could be 
arranged in the sequence : TefJy, BoCy, I, SCy, Cy, Br, N3, d, OCy, and F, in 
which there is no direct relationship between affinity and at. or mol. vd;. 

Tbe diemical properties of hydrozoic acid.— The resemblances between hydra- 
zoic acid and the halogen hydracids has led some to infer that the triazo-group, 
N3, bears a strong family resemblance to the halogens. J. C. Philip found the 
physical properties— light refraction, light dispersion, boiling point, electrical 
conductivity, etc. — of the organic triazo-dcrivatives and the corresponding halogen 
derivatives to be comparable. In illustration, 

Acetic iDdo- Tclazo* Uromo- Cbloroacetlc acids, 
lonizatiun constant ( X 10 *) 0-01 7-5 9-3 13-8 16‘8 

In view of the resemblances between the triazo-gioup and the halogens— e.y. Cl— Cl, 
N3— Cl, etc. — attempts have been made to prepare a hezatomic nitrogen, Ns— N3, 
by linking together two triazo-gioups, but with no success other than the naming 
of the hypothetical (N3)o, nf trine, by L. M. Dennis and A. W. Browne. The analogy 
between ammonia and water, suggested by E. C. Franklin, led A. W. Browne and 
T. W. B. Welsh, and II. Goldberg to seek for analogies between tbe azides and the 
pcTOzidcB. 

Work with hydrazoic acid is dangerous because of its poisonous and explosive 
qualities. The acid has an unpleasant, penetrating odour. According to L. Smith 
and C. G. L. Wolf, and M. 0 . Forster, the vapour is extremely poisonous, and, 
when inhaled in even trifling quantities, causes distressing headache ; it is in fact 
a powerful protoplasmic poison, its activity in this direction being comparable 
with that of hydrocyanic acid. Its effect on the blood spectrum is immediate 
and pronounced. 0 . Lciw reported that subcutaneous injections of the sodium 
salt in certain mammals produce spasms, and symptoms of heart and lung paralysis. 
The fumes from even dil. aq. soln. were found by T. Curtius and J. Bissom to produce 
giddiness, headache, and iiffiammation of the nasal passages. The aq. soln. makes 
painful bums on the skin. The salts of the alkali metals may bo handled without 
risk of explosion, but those of the heavy metals are dangerously explosive. 
W. T, Cooke found that hydrazoic acid is partly reduced by sodium amalgam — 
nascent hydrogen — ^forming ammonia and a little hydrazine ; zinc and sulphuric or 
hydrochloric acid also reduce the acid. Only when the hydrazine is removed, in an 
insoluble form, from the reacting system, is a considerable quantity of hydrazine 
produced. It is supposed that tbe reason is ; HN3+3H2=NH3+N2H4, and 
the hydrazine is immediately reduced. No evidence ol the formation of triimide, 
or tfiozotri/iydlnde, 

was obtained. E. Briner and P. Winkler, and J. Piccard and E. Thomas, studied 
the reduction of hydrazoic acid. If hydrazine, free from hydrate, be treated with 
sodium the metal is at first coated with a dark blue layer of, presumably, BOdinm 
hvflmg iMiinin analogous to sodammonium *, with the continued action, the liquid 
becomes yellow. Hydrazoic acid is miscible with tiHiier or alcohol, in all proportions 
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at ordinary temp.i without fonning any definite hydrate. The aq. soln. is not 
affected when boiled with water alone. When the aq. soln. b dbtilledi it seems to 
form a soln. with a constant b.p. The aq. soln. colours blue litmus red ; and in 
most of its properties its behaviour b comparable with that of hydrochloric acid. 
As in the case of hydrochloric acid, hydrazoic acid when brought near a bottle of 
ammonia, fumbhes a white cloud of the ammonium salt. Aq. soln. — even very 
dil.—keep an indefinitely long time in stoppered bottles ; but in cone, soln., the 
acid is dangerously explosive. The acid, said J. Martin, b oxidized in acidic soln. 
in the presence of eerie sulphate. 

F. Raschig found that hydrogen azide exhibits some basic properties, for, 
with soiium hypochlorite and hydrazoic acid, or sodium hypochlorite and sodium 
azide acidified with acetic or boric acid a highly explosive gas, cbloraade* N3CI, 
b formed. This gas smeUs like hypochlorous acid, and b decomposed by an aq. 
soln. of sodium hydroxide: N3Cl-|-2Na0H=NaN3-fNa0Cl-fU20. Chlorazidc 
b slightly soluble in water, forming a yellow soln., and it explodes with extra- 
ordinary violence when brought into contact with a flame or glowing splinter, 
and sometimes spontaneously with the production of a blue flame, K. Gleu 
found that chlorazide is decomposed at 400' and 2 mm. press, without explosion ; 
the decomposition is accompanied by a red glow, which exciti‘s the fluorescence 
of the glass. The spectrum shows four groups of bands in the red which are attri- 
buted to a molecule containing both nitrogen and chlorine ; in the ultra-violet, 
there are continuous bands with maxima at 30G0 and 2570 A. This spectrum is 
not shown by decomposing chlorine dioxide. The addition of hydrogen produces 
an intense white glow identical with the a-band of ammonia in the vbible region. 
This is attributed to a molecule containing both nitrogen and hydrogen. No 
nitrogen bands are shown, D, A. Spencer passed dried homine vapour diluted 
with mtrogen over dried silver or sodium azide, and condensed the product in 
vesseb cooled by a freezing mixture. Violent explosions sometimes occurred. A 
capillary tube served as a eounecting link between the n^action tube and the con- 
densing vesseb ho as to localize any explosion wliich might occur. The condensate 
was fractionated in a current of nitrogen, and bromazide, NyBr, was obtained as 
a mobile, very vobtile, orange-red liquid : NaNg+Biz -NaBr-l-NsBr. Bromazide 
was abo obtained by the interaction of sodium or silver azide and bromine dissolved 
in ether, benzene, or hgroin. The bromide attacks the solvent to some extent, 
and it is not possible to separate the solvent from the bromazide. Bromazide is 
much more volatile than the ioduazide, and hkewise much more sensitive to water. 
A trace of moisture immediately hydrolyzes the compound. The liquid bromazide 
freezes to a dark red solid at about — 45^ The pungent vapour has toxicological 
pro])crtieB similar to hydrazoic acid, causing giddiness, headache, and a slackening 
of the muscles when izihaled. Traces of the vapour irritate the eyes and cause a 
slight difficulty in breathing, due apparently to congestion of the nasal mucous 
membrane. Solid, liquid, and vapour are as sensitive to shook as iodoazoimide, 
the explosion (often apparently spontaneous) being accompanied by a flash of 
livid blue light. The liquid explodes in contact with phosphorus, arsenic, sodium, 
and silver foil, but the vapour, when diluted with nitrogen and passed over silver 
leaf or sodium, gives a film of the corresponding azide and bromide. The liquid 
is apparently miscible in all proportions with ether, but is less soluble in benzene 
or Ugroin. These soln. are stable for a few hours in the dark, but, when concen- 
trated, are liable to explode on shaking, and on standing gradually decompose, 
giving nitrogen and bromine, the latter attacking the solvent. When passed into 
water, bromoazoimide hydrolyzes instantaneously, giving a mixture of hydrazoic 
and hypobromous acids, and the soln., on staling, evolves nitrogen by inter- 
action of these acids. A trace of ammonium salt is formed during the hydrolysis. 
When bromoazoitnide is passed into potassium iodide soln., iodine is liberated 
equivalent to the hyimbromous acid produced and potassium azide is obtained : 
N3Br-|-2El=EN8+KBr+l2> Accord^ to A. Hantzsch, silver azide in a cold 
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etIiDTeal Boln. of iodine gives a yellow explosive and unstable lodoazide« 
N3Ag+l2* The freshly prepared, aq. soln. of iodoazide is neutral toward 

litmus and starch, but the soln. soon hydrolyzes into hydrazoio and hypoiodous 
acids. A trace of ammonia is obtained during the hydrolysis. In non-aqueous 
solvents, the compound slowly decomposes into iodine and nitrogen. E. Baschig 
showed that hydiazoio acid is oxidized by a slight excess of iodine and a crystal 
of sodium thiosulphate, whereby nitrogen is evolved. The gas can be measured 
and the reaction used analytically. No gas is evolved with a mixture of sodium 
thiosulphate and iodine, or with hydrazoio acid and iodine. F. Kascliig considers 
that an intermediate compound, NaIS203, is formed : Na2B203+Is=-Nal-f-NaIB203, 
the intermediate compound readily gives up its iodine to sodium azide or to sodium 
thiosulphate, forming in the latter case sodium tetrathionate, Na2S203+NaIB203 
=Na2S40B+^&I< Hence the catalyst Na2S203 takes up iodine, giving it up to the 
azide or condenses to tetrathionate. Free mineral acids hinder the reaction, and 
since sulphuric acid is liberated as a by-product, it is advisable to add sodium 
acetate. Because of this cfiect of acids, it is always advisable, too, to keep adding 
sodium thiosulphate to the soln., and this is best effected by using a crystal about 
the size of a pea, which takes sufficiently long to dissoho. Hydrazoio acid speuis 
to be the only substance which, whilst unattacked by iodine alone, is oxidized by 
iodine in the presence of sodium thiosulphate. Brominii water and thiobulphate 
have the same effect, owing, no doubt, to the formation of NaBiS^Os. The only 
other iodine carrier wliich lias been discovered among sulphur compounds is a 
sulphide. A crystal of sodium sulphide has the same effect, but some sulphur 
is at the same time set free. 

7'he aq. soln. of hydrazoic acid is slowly decomposed by boiling with dil. mineral 
neiHs. A. W. Browne and A. B. Hoel found that hydrockluric acid heated with a 
little hydrazoic arid funiishes chlorine : N3U+2H01=NH3-bCl2-HN2 ; and with 
hydriodic add, ioduio: N3H-f2HI?-NH3+N2+l2- A. W. Browne and 

0. K. Overmann found that sulphuric acid dcammoniates nitrogen comjiuunds in 
Kjeldahls reaction, so sulphuric acid can dehydrazinize the azides, for H. Isham 
found ammonia and hydrogen in the products obtained by passing dry azonoide 
into cone, sulphuric acid ; and H. S. Bennett, by mixing sulphuric acid and an 
ethereal soln. of azomide. Hydrazoic acid is only slightly oxidized by poiassium 
chlorate ; while potassium persulphat 4 : has a marked oxidizing action. W. T. Cooke 
found sodium sulphide reduces hydrazoio acid to ammonia and small quantities 
of hydrazine. 

A. (‘. Vournazos prepared some complex azides. Anhydrous zinc chloride 
and sodium azide react in methyl alcohol sohi., forming sodium zinc chloroazide, 
Na[ZnCl2N3] ; while with zinc nitrate m aq. soln., zinc hydroxyazide, ZnNs(OH), 
is formed. Zinc nitrate acts on sodium zinc ohloroazide, forming sodium zinc 
nitratochloroazide, fZn(N0s)2.4ZnCl2N8lNa4.6H2U. Similarly, sodium zinc 
broiDoazide, NalZnBrsNsl, and sodium zinc iodoazide, NalZnlsNg], were obtained. 
I'hc iodo-compound reacts with silver iodide to form sodium silver zinc iodoazide« 
Na(ZnJ2N3)— Agl— Na(Znl2N8) ; and with lead iodide, sodium lead zinc iodoazide, 
Pbl2{(Znl2N3)Na}4. Compounds of sodium zinc azide with hydrocyanic, formic, 
and acetic acids were also prepared. The action of sodium azide on arsenic 
iribromide gives aisenie azide, A8(N8l0, which reacts with sodium azide, forming 
the complex sodium anenic bromoaa^, Na8[AsBr3(N3)3]. When bismuth iodide 
is treated with an equimolar part of sodium azide, the reaction is that symbolized : 
2Bjl3-|-2NaN8H-ll20--BiOI+Bil3+2HN8 + 2NaI ; and with twice this pro- 
portion of sodium azide: Bil3+2NaN3-l-H20=-BiUI 1 2Nal+2nN3, It is 
thought that an unstable bismufh iododiazide, BiI(N3)2, is formed and immediately 
hydrolyzed. 

F. Ephraim and H. Fiotrowsky obtained evidence of the formation of bydnudne 
bydrOBUljffiideb N2H4.H2S, by the action of anhydrous hydrazine on hydrogen 
sulphide (g.c.) ; and there is a possibility that a hydiazinoBiilphinate (2-c.) is formed 
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by the action of hydrazine on thionyl chloride F. Raschig said that the 

reaction of hydrazoio acid with sodium hydros^hite may be represented: 
NaHS0s+NaN8+H2O=N2+NaOH+NH2.Na^3, together with the subsidiary 
reaction : 2NaHB03+NaN3+ll20—Na2B20B+MHs+NaOH+N2. Just as a 
secondary amin e lik c dicthylamine, N (C2H5)2N, reacts with carbon disulphide to form 
the compound N(C2ll5)2.CS.SH, so F. Sommer found that hydrazoic acid, in the form 
of an aq. soln. of its sodium salt, reacts with carbon disulphide, at 45 °-- 50 °, forming 
sodium azidodithiocarbonates N 3 .CS.SNa. 41 l 20 , in colourless, explosive crystals. 
The anhydrous salt was also obtained. A. W. Browne and co-workers prepared the 
dihydrate, as well as lithiomnzidodiUiiocarbonate, LiB.CB.N3.H2O; andF. Sommer, 
potassiam azidodithiocarbonate. The reactions were also studied by A. W. Browne 
and A. B. Hoel. They found that potassium azide reacts with iodine in the 
])resencB of carbon disulphide, wilh the formation of potassium iodide and the 
liberation of nitrogen. The first stage in this reaction consists in the formation 
of potassium azidodithiocaibniiate, KS.CS.N3, by inlerartion of potassium azide 
and carbon disulphide, as expressed by the equation KN3-f-CS2-KS.CS.Na. This 
reactionis irreversible, consequently there is no regeneration of carbon disulphide 
after it ha^ once reacted. The second stage consists in the reaction between 
potassium azidodithiocarbonalc with iodine, which results in the precipitation 
of azidocarhon disulphide, S2(CB.N3]2, according to the equation 2KS.CB,Ns4-2I 
=S2(CS.N3)2+2K1. The halogenoid substance azidorarbun disulphide liberates 
triatomic nitrogen from potassium azide, with resultant evolution of orrliuary 
nitrogen, as shown by the equations 2KN3-|-S2((’S.N3)2““2K8.CS,N3-1-2N3 ; 
2N3=3N2. Combination of these equations with the preceding one leads to 
the simple expression of the final result obtained when carbon disulphide, 
potassium azidodiihiocarbonate, or azidocarhon disulphide, in relatively small 
amount, is brought into contact with a soln. containing potassium azide and 
iodine. These results have been confirmed by iodomciric and nitrumetric 
detOTniination.s : 2KN3-(-2I— 2 KI+ 3 N. A. W. Browne and co-workers pre- 
pared rubidium asddo^thiocarbonate, RbB.CB.N3, and caesium azidodithio- 
carbonate, ChS.CB.N3, by the union of carbon disulphide with the alkali 
azides. The solubilities of the alkali salts decrease in the order Li, Cs, lib, Na ; 
they are insoluble in carbon disulphide, chloroform, carbon tetrachloride, and 
benzene. They tend to decompose at the ordinary temp. : MB.CBN3 
— MS.CN+S+N2. The violence of the explosion on detonation varies directly 
as the atomic weight of M, except that the btliium salt is more explosive than the 
sodium salts. The explosion liberates a gas with a sulphurous odour, leaving a 
viscous, yellow residue, probably a polymeride of thiocyaiiogen. The nibidium 
and c2Dsmm salts arc very photosensitive; on alternate illumination and con- 
finement in a dark space, ''photolysis” occurs and the salt decomposes. The 
colour change on illumination is ascribed to free metal atoms held in situ in the 
crystal lattice, their valency electrons having been restored by some photo-process. 
The salts of the heavy metals — barium, silver, copper, mmwry (ic and ous), 
lead, ihalbiim, cadmium, hiswulk, aid zinc — arc prexipitable from soln. of the sodium 
salt. Ferric halts oxidize the compound to azidothiocarhonifl disulphide, (N3.CS)2B2 ; 
many of the azidodithiocarboiiatcs, like the xanthatea, are soluble in the ordinary 
organic solvents, and they do not always show the colour of the metal base. Most 
of the salts are very explosive. By treating the sodium salt with hydro- 
chloric acid, free azidoditldocarbomc add, HS.CS.N3, is formed. According to 
6. B. L. Smith, and F Wilcoxon, this acid has been prepared by the treat- 
ment of cone. soln. of the sodium salt with concentrated hydrochloric acid. 
It is a white or very pale yellow, crystalline solid ; it crystallizes in the mono- 
clinic system, has a strong double refraction, and is readily soluble in non- 
aqueouB solvents. It has the characteristic properties of a strong acid, and its 
strengtli approaches that of hydrochloric acil It is easily oxidized by various 
oxidiang agents, yielding free iizidodithiocarbcxiiate» (S.CS.N3)2. In the solid 
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formi the acid is very sensitive to both shook and to heat. It undergoes 
spontaneous decomposition at the odinary temp.i in keeping with the laws 
of unimolecular clmngo. In the dry state, this reaction is catalyzed by an 
intermediate product or by the thiocyanic acid formed, but npt in aq. soln. The 
decomposition may be represented by the equation H8.CIS.N3=H8CN-|-S+N2. 
The solid product formed consists of polymerized thiocyanic acid and free 
sulphur. Ammoninm azidodilluocarbonate, NH4SC8N3, was also prepared. 

R, E. Rigger studied the f.p. of the system containing hydrazine and hydrazoic 
acid, and obtained as a white, crystalline compound NaH.2N2H4, or N2H5.N3.N2H4, 
or N(N2H3)3, nitrogen trihydrazinide. According to J. Thiele, and E. Oliveri- 
Mandala, hydrazoic acid reacts with nitrous acid : N3H-|-HN02=N2+N20+H20. 
h\ Sommer and H. Pincas confirmed this conclusion by adding acetic acid 
to an Cl], mixture of barium nitrate and sodium azide. The reaction can be 
used to detect nitric acid in the presence of nitrous acid and of nitrous acid 
alone. Even in a O-OOOlN-soln., the nitrous acid is destroyed by sodium 
azide ; while nitric acid is not affected by the hydrazoic acid. The reaction was 
also studied by £. Olivcii-Mandala, and E. A. Werner. F. J. Kirkby and 
J. E. Marsh showed that hydrogen azide is readily absorbed by •phosphoric acid^ 
but no change in vol. occurs when fresh phosphoric oxide is used as a desiccating 
agent. According to E. Oliveri-Mandala, and T. Passalacqua, when cyanogen is 
passed into a 40 per cent. soln. of hydrazoic acid, cyanotetrazolep C2N5n, 
or C2N2 Nsif , is formed. It molls at 99 °, and turns red at 70 °. It yields ammonia 
quanntativoly when boiled with potash-lye. It forms barium cyanotetraz61e« 
RalCsNgloUa.^JlIoO ; and silver cyanotebazole. AgC2Ng. E. Oliveri-Mandala 
anil F. Nolo obtained ethylcarbumazide, NHC2H5.CO.N3, from elhylcarlimide 
anrl hydrazoic acid ; phenylcarbomazidei NHCgH5.CO.Ns, from phenylcarbimide 
and hydrazoic acid ; and phenylthiotetrazoline and a substance, C7H7N78, from 
phnyifhlorarbumde and h3’drazoio acid respectively at 40 ® and 60 °- 70 ®. 

According to T. Curtius and A. Darapsky, a 7 per cent. soln. of the acid acts 
upon the metals, iron, zinc, cadmium, copper, aluminium, and magnesium, with a 
brisk evolution of bydrogcu and ammonia ; a more cone. soln. appears to attack 
even gold and silver. J. W. Turrentine and B. L. Moore found that when a 2 per 
cent. boln. of azide is added to finely-divided copper j nitrogen is slowly evolved, 
anijuuiiia is produced, and the metal is gradually changed into cupric azide. The 
reaclion is represented by the equation : Cu+4N3H=CuNg+NH4N3-l-N2. 
F. Raschig found that hydrazoic acid in alkaline soln. is reduced by aluminium 
to hydrazine and ammonia : HN3+H2=N2+NH3 ; and HN3+3H2=NH3+N2H4. 
0 . Low showed that platinum black acts catalytically on hydrazoic acid, forming 
ammonia ; and, according to £. Oliveri-MandaU, the gas liberated during the 
catalysis of hydrazoic acid by platinum-black consists solely of nitrogen, and 
estimatiouB of the amounts of this gas and of ammonia formed from a certain 
quantity of the hydrazoic acid show that the reaction may be expressed by the 
equation : 3N3H=4Nn-|-EH3. This final result is probably obtained by way of the 
iirnmediate stages SNsH^aNH+aNg, 3 NH=(NH) 8 , and (NH)8=NH8-fN2. M 
the catalysis occurs under ordinary conditions, the constant for a unimolecular 
reaclion diminishes very considerably as the reaction proceeds, but if the liquid 
IB stirred to render it uniform and to facilitate the liberation of the gas in the soln., 
the value of the constant undergoes only very slight alteration. Hydrogen occluded 
m platinum foil decomposes hydrazoic acid three times as rapidly as docs oxygen 
similarly occluded. Colloidal platinum exhibits only feeble activity in the decom- 
position of hydrazoic acid in aq. soln., and this result is shown to be due to a 
‘ poisoning ” of the platinum by the hydrazoic acid ; the alkali salts of the latter 
exprt a similar poisoning action on colloidal platinum. J. W. Turrentine and 
R, L. Moore found that when a 2 per cent. soln. of hydrazoic acid is added to yellow 
oxide, the latter is rapidly changed to a flocculent substanoe of darker 
colour. This substance is an unstable mtiogenous compound (probably cuprous 
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but found the evidence did not decide in favour of either the 8 -iing formula or the 
dinitiilic formula =N— NH— N=. 

D. I. Mendeldefi aigued that jufit as primary ammonium mesonitrate, 
(NH 40 )(H 0 ) 2 N 0 , ie supposed to furnish nitrous oxide by the loss ol three mols. 
of water, so may secondary ammonium mesonitrate, (NH 40 ) 2 (H 0 )N 0 , furnish 
hydrazoic acid by the loss of four mols. of water. This would make hydrazoic 
acid the nitrile of mesonitric acid : 


in the same way that hydrogen cyanide, H— C=^N, can be regarded as the nitrile 
of ammonium formate, obtained by the loss of 2 mols. of water. Ammonium aziile 
can be derived from tertiary ammonium mesonitrate, (NIl 40 ) 3 N 0 , by the loss of 
4 mols. of water. D. I. Mendel 6 efi then predicted that the mure salient properties 
of the cyanides (nitriles) would characterize the azides, but subsequent events 
did not confirm these whimsical speculations. A. W. Browne and F. Wilcoxon 
add that hydrazoic acid can also be regarded as the nitrile ol primary ammonium 
hyponitrite, NH 4 O.N ; N.OH. 

The following graphic formulee show a kind of relationship between hydrazoic 
Bcidj nitrous oxide, and hyponitrous acid : 

N=N N-N N=N 

II \/ 

HO OH 0 N-H 


Hyponitroiu Acid, Nltrou oxide. 


Hydidzoii; acid. 


where nitrous oxide appears as if it were the anhydride of hyponitrous arid, and 
hydrazoic acid as nitrous imide. According to W. RcLlcnk and T. 'Weichsclfcldcr, 
when hydrazine is mixed with methyl alcohol, heat is developed, and, on cooling 
with solid carbon dioxide, a mass of colourless needles is obtained. The mixlure 
has no definite b.p., however, the affinity of hydrazine fur alcoliol being much 
smaller than the affinity for water. Hydrazine methylate, [NH 2 .Nir 3 ]OMe, is 
isomeric with methylhydrazine hydrate, [NH 2 .NH 2 Me]OH. M. L. Huggins made 
estimates of the interatomic distances of the atoirus in the molecules of the 
potassium and sodium azides. 

Some analytical nactions ol hydrazoic acid.— When a ferric chloride sc»lu. or a 
soln. of iron-alum is mixed with sodium azide ; or when a soln. of ferrous ammonium 
sulphate is shaken in air with sodium azide, a blood-red coloration is developed. 
The colour disappears when the liquid is boiled, and ferric hydroxide preci])itates, 
the colour also disappears on standing owing to the separation of a basic ferric 
azide — vide supra. L. M. Dennis and A. W. Browne say that one part by weight 
of hydrazoic acid per 100,000 parts of water will give a distinct coloration, and 
hence, T. Ciirtius and J. Rissom consider this to be a characteristische Rcal'tion 
auf Stickstojfwasserstoff. The colour persists an indefinitely long time if the ferric 
salt be in excess — ^probably because the hydrolysis of the ferric azide is in this way 
prevented. The red coloration is remarkably like that produced by ferric thio- 
cyanate, but dilute mineral acids, say hydrochloric acid, discharge the colour of 
the azide, but scarcely affect the colour of the thiocyanate. Mercuric chloride 
discharges the colour of ferric thiocyanate more readily than it docs that of ferric 
azide. L. M. Dennis recommends the determination of hydrazoic acid and its 
soluble salts by precipitation as silver azide, q.v., from neutral or acetic acid soln. 
by the addition of silver nitrate. The precipitate is converted into silver chloride 
for weighing. 
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§ SO. Hie AzideSi Azounidee, IimitrideSp Bydnmateet or Pemitrides 

T. CurtiuB 1 piepared hydrazine azide, N2H4.HN8, or H5N5, by treating am- 
monium azide with hydrazine hydrate, or by neutralizing hydrazoic acid with 
hydrazine hydrate. If a very cone. Boln. of hydrazoic acid be treated with hydrazine 
hydrate until litmus is coloured blue, and the soln. is evaporated over sulphuric 
acid, or potash, the same salt is formed, and not N2H4.2UN3, as might bo antici- 
pated by analogies from the behaviour of hydrazine with other acids. Ammonium 
azide crystallizes in large anisotropic prisms which melt at about 50°. The salt is 
hygroscopic, and if exposed to air at ordinary temp., it gradually volatilizes — and 
more readily so in the vapour of water or alcohol. The salt is sparingly soluble in boil- 
ing alcohol, and the hot soln., on cooling, deposits tabular crystals. The crystals can 
be ignited in air, and they burn with a yellow Home and much fuming, without leaving 
any residue. When rapidly luxated in air, say with a white-hot wire, the salt explodes 
violently; similar explosion occurs with a detonator. The moist salt is also explosive. 

T. Curtins prepared ammonium Bzide, NH3.IIN3, or NH4.N3, or N4TT4, by 
passing ammonia gas into an alcoholic soln. of diazohippurylamide, and precipi- 
tating the product by the addition of ether. It is also formed from a mixed soln. 
of hydrazoic acid and ammonia. The salt can he crystallized from its aq. soln. in 
colourless plate.*^, with hahits bearing a formal resemblance to those of ammonium 
chloride. The crystals are not hygroseopie. The salt is very volatile ; even at 
room temp., T. Curlius and R. Radenhausen said that the crystals volatilize slowly, 
and in a lew days (lisap]ieur ; and the last traces of the salt, with miui ral aeid.s, 
yield hydrazoic acid. The salt fiibcs at 160°, and at the same tornp., it begins to 
boil and sublime. T. Curiius said that when warmed in a test-tube, sublimation 
begins at about 100° ; if rapidly heated, the salt explodes. Vapour density dj‘l ermi- 
nations at 100° gave half the value calculated for N4II4, and this correspondi^d with 
a conijilete dissociation of the salt. D. I. MendeleeH suggested that ammonium 
azide like ammonium eyanate should undergo an isomeric change when hcat<‘il, 
but T. CuitiuB and B. Radenbausen obtained no evidence of this. M. Berthelot 
and P. Vieille gave 1350°-15U0° for the temp, of the explosion, and they represented 
the reaction ; 2N4H4— 3N2+H2+2NH3, and 11-20 per cent, of the ammonia is 
decomposed. A. R. Hitch found that when heated the salt has a tenileiiry In 
sublime, and it decomposes into ammonia, nitrogen, and hydrogen. M. Berthelot 
and C. Matignon gave for the heat of formation: (4N,4n)-N4n4— 25-3 Cals., 
with the solid salt, and —32*3 Hals, if in soln. R. Bach gave for the heat of neutrali- 
zation (NH3aq.,HN8aq,)=NH4.N3aq.-|-83 Cals. ; and M. Berthelot and C. Matiguun, 
8*2 Cals. The heat of soln. is —7-08 Cals., and R. Bach gave NHy-Ngll f-Aq. 
=NHa.HN3.Aq.+67*34 Cals. M. Berthelot and C. Matignon found for the heat of 
combustion, N4ll4cryBt.+02=2N2-l-21l20+163*8 Cals, at constant vol,, and 
+163*3 Cals, at constant press. T. Cnrtius and J. Rissom studied tbe spectrum of 
ammonium azide. W. Hittorf found that on electrolysis of the aq. soln., nitrogen 
was evolved from a platinum anode, and hydrogen and free ammonia from the 
cathode. A. W. Browne and co-workers found that when a soln. of a gram of 
ammonium azide in 36 c.c. of liquid ammonia is electrolyzed, copper anodes undergo 
electrolytic corrosion to an extent indicating the formation of some cuprous azide, 
CuNs, with cupric azide, CuNg, as the main product. No gas was liberated at the 
anode. With silver, cadmium, lead, and antimony anodes the corrosion resulted 
in the formation of normal azides, AgNs, CdNg, FbNg, and SbNg, without liberation 
of gas at tbe anode. Aluminium, iron, and nickel anodes undergo corrosion, 
accompanied by tbe liberation of nitrogen. The aluminium anode became coatcil 
with a bulky pyrophoric scale of varying colour and texture. Deep red ferric 
azide, FeNg, was obtained in soln. when an iron anode was emjdoyed, but this 
product was ammonolyzed and yielded an ammono-basic ferric azide. A pink 
deposit was fonued on the nickel anode, presumably an ammono-basic nickel 
azide. F. Friedrichs, and A. W. Browne and A. E. Houleban found ammonium 
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azide to be readily soluble in liquid ammonia, and at 110'’, the soln. giyes two liquid 
phases ; and f. A. Smith measured the conductivity of the soln. F. Friediichs also 
found that the azide dissolves in liquid sulphur dioidde, forming two soln. of limited 
mispibility. 

T. Curtius and J. Rissom made lifhiom adde, LiNs, by the action of a soln. of 
lithium sulphate on barium azide, and evaporating the clear liquid. The aniso- 
liopic crystals wore hygroscopic and could not be recrystallized from aq. soln. 
The salt dissolves in water without the development of heat ; the soln. has an 
alkaline reaction. 100 parts of water at 10° dissolve 36-12 parts of salt ; at 15-5°, 
62*07 parts ; and at 16°, 66*41 parts ; again, 100 parts of alcohol dissolve at 16°, 
20*26 parts of salt. lithium azide is insoluble in ether. When the dry or moist 
salt is heated, decompo.Hition occurs with explosive violnnce ; the decomposilion 
tomp. ranges from 115° to 298° according to the rate of heating. L. Wohler and 
F. Martin gave 245° for the temp, of detonation of lithium azide. The salt does 
not explode by percussion. L. M. Dennis and A. W. Browne added that the salt 
never crystallizes free from water ; but always contains a mol of water. 
|j. M. Dennis and C. H. Benedict evaporated a soln. of lithinm hydroxide neutralized 
with hydrazoic acid, in air, and obtained colourless, hygroscopic ciystals of hydrated 
lithium azidei LiN 3 .H 20 , which were readily soluble in water, and soluble in 
alrohul. L. M. Dennis and 0, 11. Benedict made BOdium azide, NaNa, by evaporat- 
ing a soln. of Boilium hydroxide neutralized with hydrazoic acid; T. Curtius 
suponifird benzoylazide wilh an alcnhoUc or aq. soln. of sodium hydroxide; and 
AV. Wihlicenus passed a mixluie of ammonia and nitrous oxide over molten sodium, 
or tr ealed sodium amide at 150 -250° with nitrous oxide. According to W, Sohlenk 
anil T. Weichself elder, when thin slices of sodium are gradually added to ordinary 
inu' hydrazine in an atm. of pure, dry nitrogen, a colourless precipitate is 
inTineii and the liquid develops a yellow colour. The deposit is sodium hydroxide, 
fur the Liest hydrazine still contains some hydrate. By treating hydrazine in 
tin's way until the yellow colour was permanent, and then distilling the hydrazine 
ill a vacuum, the authors have obtained absolute hydrazine, which then dissolved 
sodium completely wilh the evolution of ammonia and a little hydrogen. On 
cvajiDj-ating the yellow soln., SOdium hydiazide, NH 2 .NnNa, remained as a residue 
of glistening leaflets. It was found to be most violently explosive. A mere 
bieatli of air, or a trace of moisture or alcohol, Bufiic(‘d to produce disastrous results. 
The preparation of sodium azide was described by B. P. Orelkin and ro-workf‘rs, 
•md J. Thifde by heating hydrazine hydrate with an aq. solu. of sodium nitrite. 
According to A. W. Browne and F. Wilcoxun, sodium nitrate is aramonolyzed in 
contact with fused sodium amide as indicated above. The clear, culouilesb crystals 
weie found by H. Rosenbuscli to be uniaxial hexagonal plates with a strong positive 
birefringence. According to S. B. Ilendrichs and L. Pauling, the X-radiogram of 
sodium azide agrees with a rhombohedral structural unit containing one NaNs- 
mol., and having a=38°43', and a— 5-418 A. L. M. Dennis and C. H. Benedict 
said the crystals are not hygroscopic ; they are not explosive when struck with a 
hammer; and can be moiled without decomposition, but, added T. Curtius and 
J. Rissom, they detonate at a higher temp. I’he salt is not decomposed wlieu kept 
30 mins, at 350°. £. Tiede gave 330° for the temp, at which sodium azide begins 
to decompose, in vacuo, and he found that nitrogen came ofE regularly at 380°. 
E. Moles gave respectively 300° and 280°, Sodium is dpjiosited on the sides of the 
reaction vessel. The reaction was also studied by A. B. Hitch. J. A. Cranstion 
and A. Y. Livingstone found the sp. gr. of sodium azide to be 1-846 at 20"^ ; aud for 
the sp. gr. and refractive index of the aq. soln., at 16°, 

NaiNa solution . . . 0-5JV- 0-23JV- 0-i25JV. 

fSp Rr O*U70 0'96i 0*946 0*941 

Refractive index , , 1*371 1*302 1*369 1*361 

C. A. West gave for the mol. conductivity of soln. of sodium azide : 

V ... 32 64 128 260 612 1024 204 B 

M . . . 100*8 102*0 104-B 106-6 107*2 107-9 107*8 
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BO that |uIqo=10'9. The rate of inciease in the conductivity with rise of temp, 
ia about 2-7 per cent, per degree. J. W. Turrentine studied the electrolysiB 
of 2 per cent. soln. of so^um azide with anodcB of various metals. The electro- 
chemical eq. of magnesium is twice as great as would be expected from Faraday’s 
law. Aluminium, zinc, and cadmium also give anode efficiencies of considerably 
more than 100 per cent. In order to explain these phenomena, it is suggested that 
the metals dissolve electrochemically at a valency lower than that usually assigned 
to them with formation of compounds wldch are readily oxidized. This h3rpothesiB 
is supported by the fact that reduction products of the N'j ion, such as ammonia, 
hydrazine, and nitrogen, are found in the region of the anode, the presence of which 
indicates that some reducing agent is formed at the anode. The evolution of 
nitrogen at the anode was taken to mean that the azide ion was being reduced by 
magnesium, aluminium, or zinc azides. E. Briner and P. Winkler found that 
when an alkaline soln. of hydrazoic acid is electrolyzed, nitrogen is liberated at the 
anode, but the quantity is not the theoretiral. A. Peratoner and G. Oddo attribute 
the deficiency to formation of nitric arid. If the formation of nitric oxide could 
be proved by the interaction of auodic nitrogen and nascent oxygen, this would 
furnish an argument in favour of the atomic fixation of nitrogen, the atomic nitrogen 
coming from the decomposition of the Ns-ion. The formation of nitric acid by the 
electrolysis of an alkaline soln. of an azide has been confirmed. Such a soln. evolves 
much free oxygen with the nitrogen, but the amount of mtric acid formed is very 
small. When a neutral azide soln. was electrolyzed and a stream of oxygen was 
led into the anodic nitrogen, no nitric oxide was found in the gases, and the amount 
of nitric acid in soln. was even less than from the alkaline soln. When ozone was 
used with the oxygen, the nitric acid reaction in the soln. became very distinct. 
When hydrogen was led into the anode chamber very minute quantiLies of ammonia 
were formed, but when an aluminium anode was used, causing the formation of 
nascent hydrogen by soln. of the metal in the alkaline liquid, ammonia was formed. 
Only one-third of the nitrogen of the azide is converted into ammonia, the other 
two-thirds escaping as nitrogen. It may he taken, therefore, that the azoic group 
decomposes according to the equation N 2 +N, giving rise to an atom of nascent 
hydrogen. J. A. Cranston and A. Y. Livingstone found that the eq. electrical 
conductivity in methyl alcohol of sp. gr. 0-789 at 20^ is at 25° : 

NoK, . . 0-1^- 0-05i^- 0-025Ar. 001252^^- 

Eq. conductiAity . 58-7 G9-0 7B-B 0U4 

T. Curtius observed that sodium azide is Insoluble in ether. 100 parts of alcohol 
at 16° dissolve 0-3153 part of salt ; and J. A. Cranston and A. Y. Livingstone 
found that the solubility of sodium azide in 100 c c. of solvent, with alcohol of sp. gr. 
0-799 at 17°, is 0*22 at 0°, and 0-46 at the b.p. of the soln. ; and in benzene at the 
b.p., it is 0-10. T. Curtiub gave for the solubility in 100 parts of water, at 10*^, 
40-16 parts of salt; at 15-2°, 40*7 parts; and at 17°, 41-7 parts. The dis- 
solution of the salt is attended by a fall of temp., and the soln. has an alkaline 
reaction. J. A. Cranston and A. Y. Livingstone found the sp. gr. at 20° is 2-056 ; 
and for the sp. gr. and refractive index of the aq. soln., at 16° ; 

KN. solution . 0-6^- 0>25A^ Q-125N- 0 0625i^. 

Bp. gr. . 0-966 0-948 0-941 0-938 

Refractive index . ]’362 1-360 1-359 1-367 

The eq. electrical conductivity in methyl alcohol of sp. gr. 0-789 at 20°, is, at 25° : 

KN, . . 0-lN- 0-06N. 0-025N. 0-0126N* 

Eq. conductivity . 68-7 69-0 7B-8 90-4 

It will be noted that the solubility of azides of the alkali metals increases as the 
at. wt. of the alkali metal increases ; and that their solubility in alcohol decreases 
with increasing at. wt. of the alkali metal. J. A. Cranston and A. Y. Livingstone 
showed that in the presence of platinum black, the alkali azide is decomposed ; 
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3 KN 8 + 3 H 20 a::SK 0 H+ 4 N 2 +NH 8 * E. A. and U. Ilofuiann fonnd that sodium 
azide reacts with molecular hydrogen and oxygen, forming in the one case NaNHj 
with the evolution of nitrogen, and in the other case NaN 02 . F. Friedrichs found 
that sodium azide is readily soluble in liquid ammonia and shows a critical soln. of 
temp. It is insoluble in liquid sulphur dioxide. According to D. A. Spencer, 
bromine water reacts instantly with sodium azide sola, to give a mixture of hydra- 
zoic and hypobromous acids, which then interact to produce nitrogen. When the 
sodium azide is present in quantities larger than are required by the equation : 
NaN 34 -Br 2 +U 20 =NaBr-fHN 3 -|-HBrO, the nitrogen evolution is more rapid 
owing to the interaction of the hypobromous acid with the excess of sodium azide, 
and it is for tliis reason that two equivalents of bromine are able to decompose 
two equivalents of sodium azide. W. Sireckcr and L. Claus found that sodium 
azide reacts with selenium monobromide in the presence of benzene, forming 
HuiUum bromide and selenium ; and with sclcnyl chloride, forming nitrogen and 
2 NaCl.S 602 II 2 O. A cone. soln. was found by H. Stamm to give a precipitate 
with ammonia. 

L. M. Dennis and C. H. Benedict made potasrium azide, EN 3 , by evaporating 
a soln. of potassium hydroxide neutralized with hydrazoic acid. Crystals ore 
readily formed. A slight excess of the acid is desirable. The uniaxial crystak 
are tetragonal, with the axial ratio a : : 0*57076. T. Curtius and J. Rissom 

gave 1 ; 0*5810. The optieal character is negative, and the crystals are strongly 
double refracting. S. B. Hcndrichs and L. Pauling examined the X-radiogram, 
and found that the structural unit resembled that of potassium cyanate, being 
tetragonal with a - 6*004 A., and c-::7'05G A., and having four KNs-mob. per unit 
cell. According to T. Curtius and J. Rissom, the salt is neither volatile nor 
bygrobcopic. It does not explode when struck with a hammer. When heated, 
the salt melts and boils; nitrogen is then given oil, and the residue inflames 
with a feeble detonation. It is not ebanged when heated to 350^^ in a capUlary 
tube, and at a higher temp., nitrogen is evolved and potassium is formed. E. Tiede 
found that potassium azide begins to decompose in vacuo at 320°, and nitrogen 
comes oS regularly at 360°. The reaction was also studied by A. R. Hitch— iiide 
M/pra, sodium azide. A. W. Browne and A. B. Hoel used filter-paper impregnated 
with }iotasBium azide as fuse paper to detonate silver azide. T. Curtius found 
that the salt dissolves in water with the produrtion of cold, 100 parts of water at 
10'5° dissolve 46*5 parts of salt; at 15*5°, 46*0; and at 17°, 49*6. Again, 100 
parts of alcohol dissolve 0-1375 part of salt at 16° ; and J. A. Cranston and 
A. Y. Livingstone found that the solubilities of potassium azide in 100 c.c, of 
alcohol of sp. gr. 0*799 at 17° are 0*16 at 0°, and 0-54 at the b.p. ; with 80 per cent, 
alcohol at 0°, 1-8, and at the b.p., 5*9 ; and in benzene at the b.p., it is 0*15. 
T. Curlius found that the salt is insoluble in ether. The aq. soln. has an alkaline 
reaction— uiefe mpra for the effect of platinum black- According to F, Friedrichs, 
potassium azide is soluble in liquid ammonia, and shows a critical sola. temp. 
The salt is only slightly soluble in liquid sulphur dioxide, and at 120 °, the salt 
becomes yellow, and then explodes. According to A. W. Browne and A. B. Hoel, 
when manganese dioxide is gently heated with potassiiun azide, the reaction is 
very violent, and the product leached with water furnishes a green soln. of man- 
ganate which soon becomes violet permanganate. J. A. Cranston and A. Y. living- 
stone compared the properties of the alkali azides and cyanates and found them to 
be so much alike that they supposed that the arrangement of the electrons and 
atoms in the cyanate-ions and azide-ions is the same, and in accord with I. Lang- 
muir’s octet theory— 4. 27, 4— and not respectively : 

N»-N<J Na-0-C=N 

N 

T. Curtius and J. Rissom, and L. M. Dennis and C, H. Benedict made the 
nibidiuni azide, RbN 3 , by the methods indicated in connection with lithium azide. 
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Tbe Bolt readily crystalliaeB funuBldiig plates with the axial ratio a : g=1 ; 0*5785. 
The salt is hygroscopic, and is not decomposed when the aq. soln. is evaporated. 
The salt is not exploded when struck with a hammer. When heated in 
a capillary tube, it sinters at 230^ and melts at 330‘^‘-340’^, and at a higher 
temp., it leaves a metallic mirror of rubidium, and nitrogen is evolved. 

E. Ticde found that rubidium azide begins to decompose, in vacuo, at 260°, 
and nitrogen comes off regularly at 310°. The salt is insoluble in ether; 
100 parts of water, at 6°, dissolve 107*1 parts of salt; and at 17°, 114*1 
parts ; likewise 100 parts of alcohol dissolve 0*182 part of salt at 16°. The aq, 
Boln. reacts alkaline. The aq. soln. has an alkaline reaction. In a similar manner 
was CMimn azides GsNs, prepared in small, hygroscopic, uniaxial crystals with a 
strong, negative, double refraction. The salt does not explode by percussion, and 
it behaves like potassium azide on a hot plate. It melts in a capillary tube at 
310°-318°, and behaves like the rubidium salt at a higher temp. E. Tiedn found 
that cesium azide begins to decompose, in vacuo, at 290°, and nitrogen comes off 
regularly at 300°. The salt is insoluble in etber ; 100 parts of water at 0° dissolve 
224*2 parts of salt ; and at 16°, 307-4 parts ; while 100 parts of alcohol, at 16°, 
dissolve 1*0366 parts of salt. The aq. soln. has an alkaline reaction. 

L. Wohler and W. Erupko prepared cuprous azide, CuNs, by gradually adding 
a soln. of sodium azide to an excess of a cone. soln. of copper sulphite to which 
potassium sulphite has been previously added followed by acetic acid in quantity 
just sufficient to dissolve the precipitate formed. The pale grecnish-grey cuprous 
azide Inflames at 220°. When exposed to light, it becomes deep red with a violet 
tinge and furnishes copper and nitrogen. A. W. Browne and co-workers found 
that cuprous azide is formed by the electrolysis of a soln. of ammonium azide in 
liquid ammonia, at —67°, using copper anodes. T. Curtius and J. Bissom prepared 
cupric BZidOt CuNe— possibly witli ^H 20 , or lloO—by mixing dil. aq. soln. of copper 
sulphate and sodiuin azide ; washing the precipitate with ice-water, and drying 
in a desiccator. It was also obtained by the action of 3*67 per cent, hydrazoic 
acid on copper precipitated by zinc. The product is cupric, not cuprous azide. 
A. W, Browne and co-workers found that cupric azide is formed by the electrolysis 
of a soln. of ammonium azide in liquid ammonia, at —67°, using copper anodes. 
Copper azide is very explosive even when moist, so that it has not been tried for 
analysis ; it is therefore not clear if the salt is anhydrous, heinihydrated, or muno- 
hydrated. The brown product consists of anisotropic prisms whirli are yellow in 
transmitted light. It is slightly soluble in water, forming a green soln., and boiling 
water decomposes it slowly with the formation of hydrazoic acid, and copper 
hydroxide. Cupric azide explodes by friction, even loosening the solid from the 
liltcr-papcr suffices for tbe detonation ; the explosion by peroussion is very violent. 
A. K. Hitch could not decompose it thermally without explosion. L. Wohler and 

F. Martin gave 174° for the temp, of explosion. According to L. Wohler and 
W. Erupkf), basic cupric azidc^ cupric oxyazide, CuO.CiiNb, is formed as a yellow 
hydrated substance when water with normal cupric azide in suspension is heated 
to 70°-80° in a current of air freed from carbon dioxide until the c^culated quantity 
of hydrazoic acid has been evolved. It inflames at 215°. L. M. Dennis and 
H. Isham obtained cupric amminoazide, 0 u(NIl 3 )N 3 ,by shaking freshly precipitated 
black cupric hydroxide, while still moist, with an I'xcess of hydrazoic acid ; and 
washed the precipitate. A soln. of the precipitate in aq. ammonia deposits crystals 
of the salt. It explodes when heated or struck. It is insoluble in water, and 
soluble in dil. acids. 

T. Curtius showed that when a dil. soln. of hydrazoic acid is added to silver 
nitrate soln., silver azide, AgNg, is precipitated quantitatively; indeed, silver 
nitrate gives a perceptible turbidity with sola, containing one part of acid in a 
million parts of soln. J. Thiele made the salt by the addition of an ammoniaral 
soln. of a silver salt to a soln. of diazoguonidine nitrate ; the filtrate from the 
yellow CN 5 Aga when treated with dil. nitric acid gave a little silver azide. A. Angeli 
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found tliat when a cold eat. soln. of Bilvei nitrate is added to a boId. of hydraziuOi 
whil e npodlps of silver azide are deposited. A. W. Bruwue observed thut silver 
Mzide is formed when a sob. of ammonium azide in liquid amiuonia, at —67°, 
is el(^c1rolyzed ivitli a silver anode. T. Ourtins showed that w^en the ammoniacal 
soln. of silver azide is evaporated, colourless necdle-like crystals of the azide are 
formed ; the anisotropic prisms melt at 250°. A. R. Hitch gave 253°-2D4° for the 
m.p. ; and the azide explodes at about 300° in agiecmeut with L. Wohler's 
nbsr'Tvatiou. Nitrogen is given oS very slowly at about 251°, and there is a 
ylight ebullition at 253-5°. The salt is very liable to explode, and the detonation 
produced when a few milligrams is heated or struck, is very violent. L. Wohler and 
F. Marfcin gave 297'’ for the temp, of detonation. C. A. Taylor and W. II. Klnken- 
bach studied this subject. A. W. Browne and A. B. Hoel detonated silver 
azidp with fuso-papoi impregnated with potassium azide — vide supra. The salt 
is stable in air ; but is very sensitive to light, and when insolatcd, readily decom- 
poses into nitrogen and the metal. L. WoUer and W. Krupko said that a sperimen 
which had been exposed to light for such a period that decomposition had not 
occurred beyond the stage corresponding with the possible formation of a subazide, 
particles of metallic silver were visible under the microscope, and the residue be- 
liaved like silver azide when heated or subjected to percussion. L. M. Dennis said 
that 100 c.c. of boiling water dissolve about 0-01 grm. of silver azide wliich separates 
from the cooling sob. in needlc-like crystals. T. Curtius said that the salt is 
virtually insoluble in water and in dil. acids ; but unlike silver chloride, added 
L. hi. Dennis, it is fairly soluble m hot dil. nitric acid (1 : 4). D. A. Spencer found 
that silver azide reacts instantly with bromine water ; 2 AgN 3 -|-Br 2 — 2AgBr+3N2. 
The only evidence of the momentary formation of bromazide in aq. sob. is the 
production of a little hydrazoic acid with the loss of tree nitrogen. Accordbg to 
k Friedrichs, silver azide dissolves m liquid ammonia and the two liquid phases 
have a critical soln. temp. At about 100°, the mixture becomes explosive. The 
salt is scarcely soluble in liquid sulphur ^ oxide, and by raising the temp., the 
luixluro is very cx])1omvo. L. M. Dennis and A. W. Browne found silver azide to 
be decomposed by boilmg with dil. sulphuric acid ; to be soluble in cone, mmeral 
acids ; and to bo soluble in aq. ammonia — ^the ammoniacal sob. can be boiled 
without reduction. W. Streckcr and L. Claus found that silver azide reacts with 
selrnium monobromide suspended m benzene, forming silver bromide and selenium ; 
while selenium ietrabromide forms a pale yellow compound which becomes bluish- 
blark when exposed to light. J. Bekk found that the photographic behaviour of 
silver azide resembles that of silver chloride and bromide, but its sensitiveness to 
light is much less than that of the halogen salts. The azide is also much more 
easily reduced by developing sob., and, m the uniipened condition, is characterized 
by relatively high sensitiveness to the red portion of the spectrum. The first two 
jiroperties are, in all probability, detenumed to a large extent by the extreme fineness 
of the granular structure of the azide. The darkening of silver azide lias been 
shown to be accompanied by the liberation of nitrogen. Although the pure sub- 
stance is highly explosive, it is found that dried emulsions of silver azide are quite 
insensitive to shock, and can be manipulated without danger. T. Curtius and 
J. Rissom added sodium or potassium azide to a sob. of auric chloride, and on 
evaporating the liquid, obtabed necdle-like crystals of a gold azide* Both the 
aq. sob. and the dry salt are very liable to explode. 

The azides of the alkaline earths were made by T, Curtius and J. Rissom by dis- 
solving the oxides or hydroxides in dil. hydrazoic acid — say 2-8 per cent. The excess 
of alkalme earth can be removed by passing carbon dioxide into the boiling sob., 
and the filtrate eonc. by evaporation. There remain colourless, rhombic ilecdles of 
oaldum azide» CaNo \ according to L. M. Dennis and C. H. Benedict, spherical 
masses of minute crystals may be formed. The crystals are very hygroscopic and 
deliquescent. T. Curtius found that the salt does not explode by percussion, but 
it does so if rapidly heated on a metal plate, and it explodes at about 144°-156° 
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when heated in a capillary tube ; when the temp, has attained 120M30”, metallic 
calcium appears in the capillary. E. Tiede faund that calcium azide begins to 
decompose, in vacuo, at 100°, and nitrogen comes ofi regularly at 110°. L. Wohler 
and F. Martin gave 168° for the temp, of explosion. T. Curiius and J. Rissom 
showed that 100 parts of water dissolve 38’1 parts of salt at 0”, and 45-0 parts at 
16*2°. The dissolution of the salt results in the cooling of the soln. ; the salt is not 
changed by the evaporation of the aq. soln. 100 ])arls of alcohol dissolve 0*211 part 
of salt at 16°. It is insoluble in other. T. Curtius and J. Kissom prepared stiontinm 
aside, SrNu, in a similar way. It is not explosive by ppreussiou and behaves on a 
hot plate like calcium azide. The gliti ering plates are hygroscopic. In a capillary 
tube, it explodes at 194°-195“, and forms metallic strontium at 140°-150°; 
L. Wohler and F. Martin gave 109° for the Icinp. of explosion. E. Tiede found 
that strontium azide begins to decompose, in vacuo, at 100°, and to give of! nitrogen 
regularly at 140°. A. J^*tnkaln studied ilie explosion spectra of the azides of the 
alkaline earths. T. Curtius and J. Rissom found that 100 parts of water dissolve 
46'B3 parts of salt, aL 10°, and the aq. soln. has an alkaline reaction, but the salt 
is not changed by evaporation. 100 parts of alcohol dissolve 0-095 part of the 
salt at 16°; and the salt is insoluble in ether. The salt was also made by 
L. M. Dennis and C. H. Benedict. M. Bertholot and (\ Matiguon, and T. Curtius 
and J. Rissom made barium azide, BaNo, in hue noodles or rhombic prisms which, 
according to H. Roscubusch, have the axial ratios a : b : c -0-3424 : 1 : 0-8461. 
L. M. Dennis and co-workers say that when evaporated over sulphuric acid, crystals 
of monohydrated barium azides BaNf^.ILO, are formed. T. Curtius and J. Rissom 
said that barium azide is liygroseojiic, and it does not explode by percussion, and 
behaves on a hot plate like the calcium salt. In a capillary tube, it explodes at 
217°-221°, and at about 160°, metallic barnun is jiresent. E. Tiede found that, 
in vacuo, barium azide begins to dccompobc at 120°, and gives ol! nitrogen regularly 
at 160°. A. R. Hitch found that barium azide suficred no eliangc until about 180° 
was reached when nitrogen was evolvorj. At 225", the salt exploded. L. Wohler 
and F. Martin gave 152° for the temp, of explosion. Arcordiug to E. Ebler, barium 
azide is not decomposed by radium rays. M. Berthelot found the heat of soln. to 
be 7*8 Cals. T. Curtius and J. Rissom said that 100 parts of water dissolve 12-5 
parts of salt at 0° ; 16-2 jiarts at 10-5° ; 16-7 parts at 15° ; and 17-3 parts at 17°. 
The solubility ol alkaline uartli azides in water increases as the at. wt. of the nieial 
increases. 100 parts of aleohol dissolve 0-0172 part of bariiiin azide at 16°. 
The salt is virtually insoluble in ether. E. Ebler prepared radium azide— probably 
RaNj — by dissolving the rarbonatc in aq. hydraznic acid. The salt was slowly 
heated in a capillary to 180°-250°, and a shining metalhc mirror of elemental 
radium was formed. 

T. Curtius and J. Rissom found that only an impure beryllium azide is obtained 
from a beryllium salt and au azide ; they prepared magnesium azide, MgN«, fay 
dissolving magnesium in hydraznic arid ; and by the action of a soln. of magnesium 
sulphate on barium nitride. The salt ex])lodes when heated. The salt readily 
dissolves in water ; and by boiling with water, the salt loses itiS explosive qualities. 
For niaffficsioug azide, mde supra, sodium azide. T. Curtius and co-workers dis- 
solved zinc in hydrazoic acid, and observed the evolution of hydrogen with some 
ammonia, and the formation of anisotropic crystals of a basic zinc azide, zino 
faydrozyazide, possibly Zn(OH)N 3 . The salt is sparingly soluble in water, 
W. Wislicenus obtained zinc azide, ZuNq, by the action of nitrous oxide on zinc 
amide, Zn(NH 2 ) 2 i at 150°-250°. L, M. Dennis and H. Isham obtained a soln. of 
zinc azide in methyl alcohol by the clectiolysis of a 6 per cent. sob. of bydrazoio 
acid in methyl alcohol, using zinc as anode, and platinum as cathode ; and, more 
slowly, by the action of the soln. on zinc in excess. A. Fctrikaln studied the ex- 
plosion spectrum of zinc azide. For zincous azide, vide supra, sodium azide. If 
dry ammonia be passed through the soln. ol zinc azide, a white precipitate ol zino 
diuiminoazide, Zn(Nll 8 ) 2 Na, is produced. Some crystals of ilic less soluble 
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Bmmoninin azide znay be formed. The salt appeaia in white, acicnlar cryBtah, 
which may be heated without explosion ; L. Wohler and F. Martin gave 289^ for 
the temp, of explosion. The salt is insoluble in water, but in contact with that 
liquid, the salt becomes opaque, presumably owing to the hydrolytic formation of 
zinc hydroxide. T. Curtiua and J. Bissom obtained cadmiiim aside, CdN^ by 
evaporating in a desiccator a soln. of cadmium carbonate in an excess of hydrazoie 
acid. The salt furnishes tabular ciystals which do not explode by percussion. 
A. W. Browne and co-workcrs found that cadmium azide is formed when a soln. 
of ammonium azide in liquid ammonia, at —67°, is electrolyzed with cadmium 
anodes. L. Wohler and F. Martin gave 291° for the temp, of explosion. If 
pyridine be added to an aq. soln. of cadmiam azide, a complex cadmium pj/rxdine 
azide, Cd(C5n5B)2N0, is formed. 

T. CurtiuB prepared mercoioilS aside, HgNs, by treating a soln. of the acid with 
mercurous nitrate, and M. Bcrthelot and P. Vieille, by adding a dil. aq. soln. of 
ammonium azide to mercurous nitrate, and washing the product, first by decanta- 
tion, and lastly on the filter. The wliite powder resembles mercurous chloride, 
and, according to T. Curtius, consists of microscopic, anisotropic needles. It is 
more sensitive to light than silver azide. When exposed to light, it turns yellow 
without Bufiering any other visible change. L, W()hler said that the yellow colour 
is produced by the formation of the colloidal metal and nitrogen; the yellow 
colour passes to orange, brown, black, and finally grey. L. Wohler and W. Enipko 
said that unlike meirurous chloride or other mercurous salt, no mercuric azide is 
formed. T. Curtius said that the azide is less sensitive than lead azide to percussion. 
According to L. Wohler, the sail is loss explosive than silver azide ; and F, Martin 
marie a study of its sensitivenrHs to explosion. It explodes after some time if kept 
in darkness and in vacuo at 140° ; L. Wohler and W. Erupko gave 245° as the temp, 
of detonation ; F. Martin, 281° ; and L. Wohler, and F. Martin, 281°. A. R. Hitch 
found that mercurous azide remains white up to 220°, beyond which it turns yellow, 
darkens in colour, becoming almost black. It begins to sublime at about 220° ; 
an evolution of gas begins at about 215°, and assumes explosive violence at 270°. 
F. Martin gave fiO'SO? Cals, for the heat of detonation. M. Berthelofc and F, Vieille 
gave ±144-6 Cals, for the heat of decomposition. L. Wohler and W. Erupko said 
that on jiercuBsion the salt immediately decomposes into mercury and nitrogen, 
and the non formation of mi^rciiry subazide, Hg^Ns, is confirmed by the absence of 
hydrazoie acid from the products of decomposition of luercurous azide suspended 
in water. In darkness, the salt may be kept under water for some months without 
change ; the dry salt in vacuo, in darkness, docs not change in 24 fare, at 120°-140° ; 
in gaslight for 24 hrs., the salt bcconies pale yellow ; and in sunlight it instantly 
becomes yellow, 111 on dark brown, and bkek, and finally grey. They found that 
ItX) c.e. of water at ordinary temp, dissolve 0*025 grm. of the salt. T. Curtius 
said that when treated with dil. aq. ammonia, mercurous azide forms a black 
insoluble compound. M. Bcrthelot and P. Vieille obtained mercniic azide, HgNg, 
by saturating hydrazoie acid with freshly precipitated mercuric oxide. A. SteU- 
bachcr prepared mercuric azide as follows : 

A Bohi. of 6-5 gnna. of fiudiiim azides wna derompoBsd with uoiic. sulphuric arid, and the 
gaseous liydrogon nitrido produced was passed into ID gnns. of znurcuric oxide in 20U c c. 
of boding water. The hot soln. of morvuric azide was passed thrui^h a filter in a funnel 
provided wi^ a hot-water jacket, and the rdtrato was gently agitated with a wooden 
bplinier during cooling to avoid formation of crystals exciseding 1 mm. in length, these 
being extremely sensitive. A crystalline mass of mercuric azide was thus obtained of not 
appr^iably greater Hensitivoness timn silver fulminate. An altcniative method runsists 
m mixing cone. soln. of sodium azide and mercuric nitrate ; mercuric azide is precipitated 
from tliis mixture aa a powdery mass, which is even less sensitive tlian lead azide, bub can 
be converted into tho lughly sonsitivo form by solution and crystallization. 

The white powder is soluble in hot water ; but very sparingly soluble in cold water. 
On cooling the hot soln., the salt separates in long, white, acicular crystals. The 
salt is said to be very explosive. A. B. Hitch said that when mercuric azide was 
heated, gas came oil at 212°, and the salt began to boil at 215° ; and it exploded 
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at 300°. A. Stettl)aclier concluded that the extreme sensitivcneBB of mcrciirio 
azide, even under water, renders it unsuitable as a detonating agent. It has the 
same mol. wt. as mercuric fulminate, and develops the same vol. of gas on detona- 
tion, but its hisance is twenty times as great. L. Wobler gave 200°-210° for the 
temp, of cxidosion. The salt rapidly bpcomes ypllowish-browii when exposed to 
sunlight or to ultra-violet rays. L. Wohler and F. Martin, and P. A. Taylor and 
W. II. Binkenbach, studied the inilurnco of the size of grain on the sensitiveness 
to explosion. L. Wohler said that no basic mercuric azide is produced when a 
Bolu. of hydrazoic acid is warmed with an excess of mercuric oxide, while mercuiic 
azide is not changed when air is passed through water with the salt in suspension. 

According to L. M. Dennis, when a soln. of ammonia alum is treated with an 
alkali azide, aluminium hydroxide is precipitated, and not ahiminium azide. For 
aluminous azide, vide supra, sodium azide. T. Curtius and J. Rissom, and 
L. M. Dennis and co-workers, showed that thallons azide» TIN3, is formed as a white 
precipitate when ammonium or jiotusbium azide, or hydrazoic acid is added to a 
soln. of thallous sulphate or nitrate. Thallous azide furnishes transparent, pale 
yellow tetragonal crystals, which are not hygroscopic. When exposed to light, 
a thin brown crust forms on the surface— presumably owing to the formation of 
thallous oxide. The salt is not explosive when heated under unliiiary conditions, 
but when struck with a hammer an explosion occurs. When heated on a hot ])Iatc, 
the salt melts, and boils. Thallium is produced when the salt is heated in a capillary 
tube. The azide is not altered at 310'’, but explodes at a higher temp. L. M older 
and F. Martin gave 320° for the temp, of explosion. The salt melts at 334°, in an 
atm. of carbon dioxide, and it is not volatile when heated in nitrogen or hydrogen, 
the salt is reduced, and in some cases approximately one-third the nitrogen present 
is converted into ammonia : N3HH-H2-^N2+Nll3. A, B. Hitch said that the salt 
BuCered no change below 3.30° ; at that temp, it melted to a colourless litpid, and it 
began to sublime at 310°. Nitrogen was evolved at 370°, and an explosion occurred 
at 430°. Thallous azide is sparingly soluble in cold water, and readily soluble in 
hot water ; 100 c.c. of water at 0° dissolve 0'1712 grm. of the salt ; at 5°, 0*1965 
grm. ; and at 16°, 0*3 grm. The salt in neutral aq. sob. is not altered by evapora- 
tion. T. Curtius and J. Rissom added that the spectrum from thallous nitiide 
resembles that from thallous chloride. L. M Dennis and co-workers found that 
yellow, needJe-like crystals of thallosothallic azidef TIN3.TINQ, are formed when 
a soln, of freshly precipitated thallic hydroxide m hydrazoic acid is cooled by a 
freezing mixture. The composition on the co-ordination theory is represented 



If the soln. be allowed to crystallize at ordinary temp., fJiallic azidcy if it is formed at 
all, is decomposed with the escape of hydrazoic acid, and the precipitation of thallic 
hydroxide. Warm water likewise decomposes thallosothallic azidi* into thallic 
and thallous hydroxides. 

T. Curtius and A. Darapsky prepared a basic salt, lanthanum hjdioxyazide, 
La(0H)(N3)2l}H20, by boiling a sob. of lanthanum nitrate and sodium azide. 
The white, slimy mass of basic lanthanum azide is obtained by evaporating the 
mixed sob. m vacuo, or by treatment of the sob. with a mixture of alcohol and 
ether. They also made rose-coloured didymium hydroxyazidef Dy(0H)(NB)2, by 
evaporaibg a sob. of didymium carbonate m hydrazoic acid. Ficslily piecipitated 
yttrium hydroxide dissolves b hydrazoic acid, formbg a soluble yttrium hydroxy- 
azide ; boiling a sob. of yttrium sulphate and sodium azide gives a precipitate 
of yttrium hydroxide. L. M. Dennis found that zirconium hydroxide is precipitated 
when a sob. of zirconium salt is treated with potassium azide. 

Accordbg to T. Curtius and J. Rissom, till Bzide has been prepared only m a 
veiy impure state. A 17 per cent. sob. of hydrazoic acid attacks tin-foil with the 
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evolution of gaa and the separation of a white compound which is insolnble in water» 
and is not explosiye. An aq. soln. of stannous ctiloride gives with sodium azide a 
precipitate wUch is thought to be a mixture of stannous azide and hydroxide. It 
gives ufi bydrazoic acid when heated with sulphuric add. 

T. CurtiuB aud J. llissom prepared lead azide, I’bN^, by preeipitatiun from a lead 
salt Rulu. by hydrazoic add, or a soln. of aininonium or sodium azide. J. W. Turren- 
tine found a dark brown deposit formed oii the lead anodes duiing the clcctiolysis 
of a 30 per cent. sob. of sodium azide ; he said that this deposit is probably bail 
azide, or some oilier nitride. W. R. Hodgkinson made lead azide by treating 
hydraZme nitrate with sodium nitiato until the soln. no longer reddens litmus, 
anil then adding lead nitrate sob. ; and A. G. Lowndes, by adding lead acetate to a 
sob. of sodium azide in ibe presence of sodium nitrate. A, W. Browne and co- 
workors found that lead azide, rbNg, is formed when a soln, of ammoniom azide 
in liquid ammonia, at - - 07", is electrolyzed with a lead anode. The hot aq. soln., 
on cooling, furnishes colouile&s, ncedlc-likc crystals which T. Curtius said have only 
a formal resemblance to those of silver chloride. According to A. G. Lowndes, 
large crystals are avoided when 0*5 per cent, of dextrme or gelatine is present in 
soln , and the crystals are Hinaller if the cone, or the viscosity of the soln. is raised 
by a nnn-colloidal addition. Load azide is very explosive, and it decomposes when 
warmed. A. R. Hitch said that the salt can be decomposed at 246°-2l)0'’ without 
c\])lobiun, but it is very liable to explode. The salt decomposes before it melts. 
L. Wohler gave 350' for the temp, of explosion ; L. Wohler and F. Martin gave 327”, 
The LXfdoaivu propertu‘8 were also ibscusscd by A, Stctlbacher, II, Uoldscbinidt, 
F. Martin, W. G. Hudson, ( ‘. A. Taylor and W. II. Riukenbach, and L. Wohler and 
W. Knipko. Lead azide can be used in }dare of mercury fubiinate as a detonator 
fur liigb explosivcH. L WoIiUt and W. Krupko said that the salt is not changed if 
kept dry in daikncss for 2t hrs. at 115” ; but there is a small loss in weight at 170”. 
Lead azulc is extremely scuhitive to light ; and when exposed to sunlight, it is imme 
diately covered wiili a dark brown film. From the temp, and percussion tests, it is 
iuferrr‘d that the dry salt decouqiobes mto lead aud nitrogen when cxjiused to light. 
Will n exposed to air or placed under water, oxidation of the separated lead proceeds 
simultaneously, and the product consists of lead azide mixed with finely-divided lead 
Jiydioxide. The filtrate contains traces of lead, hydrazoio acid, and cousidorable 
rpiaiiiities of ammonia. Rpaition 1 bus appears to proceed simultaneously according 
to the three equations: (i) rbN|,-l- 2 H 20 --rb( 0 H) 2 -|- 2 N 3 lI ; (ii) PbNo(iii light) 
- Fb l-SNg ; (iii)Pb 4 N;,H 42 Il 20 - rb(On) 2 -|-N 2 +NH 3 . According to T. Curtius, 
lead azide is insoluble in cold water, but 100 c.c. of boiling water dissolve 0-05 
grm. Boiling water slowly decomposes the salt with the formation of a non- 
explosive lead compound and the expulsion of bydrazoic acid. The salt is 
insoluble in cone. aq. ammonia ; and is easily soluble m hot acetic acid with a 
grail ual deroniposilion. The freshly precipitated azide is soluble in a sob. of 
Ipad acetate. J. W. Turrontinc said it is easily dissolved by dil. nitric acid, and 
slowly, With effurvcsconcc by sulphuric acid. W. Strecker and L. Claus found that 
selenium inonobromidc reacts with lead azide suspended in benzene, forming lead 
chloride and selenium. 

Arcording to L. Wdblcr aud W. Krupko, basic lead azide can bo prepared in 
three ways : (i) by heating the calculated quantities of lead azide and lead hyrlroxide 
under wati'i m a sealed tube at 110° for twelve to fifteen hours, and separation of 
the basic azide from specifically heavier nuebanged azide by elutiiation. The 
method has the drawback that large, spontaneously explosive crystals of lead azide 
are liable to separate durbg the slow cooling of the tube ; (ii) by leading a ciirront 
of carbon dioxidn-frcc air through a boilbg aq. suspension of lead azido until the 
calculated amount of hydrazoic acid has been evolved ; and (iii) by heating the 
requisite quantities of beshly precipitated lead hydroxide and lead azide under 
waU'r on the water-bath for twenty hours. The two latter methods yield uniform 
products. The basic azide is less sensitive to percussion or temp, than lead azide, 
VOL. VUL 2 a 
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whikt an intimate niixturo of lead azide and oxide in the pioportione Dooessaiy to 
fonn the sub-azide shows the same sensitiyenesa as the pure azide. It is interesting 
to note that lead azide when mixed with SO per cent, water has the same sensitiye- 
ness as ike dry azide, whilst moist mercurous azide is scarcply less sensitiye than 
the dry product. 

T, Curtius and A. Darapsky obtained an explosiye precipitate by boiling a 
mixture of cerium nitrate and sodium azide. Freshly precipitated cerium hydroxide 
dissolves in hydrazoic acid, forming a soln., which, on eyaporatioUj gives a yellow 
explosiye residue oeiiuin hydrm7BZide« probably Ce(OH)(Na)2. According to 
L. M. Dennis, a soln. of potassium azide gives a flocculpnt precipitate with a neutral 
soln. of a ihorium salt : Th(NO3)4+4KN3-|-4H20->Th(OH)4+4KNO8-f4HN5, and 
L. M. Dennis proposed the reaction for the qualitative detection and quantitative 
determination of thorium cither alone or in the presence of other rare earths. 
Yttrium, lanthanum, cerium, didymium salts furnish basic azides ; uranium, and 
zirconium are precipitated as hydroxides, and alums behave in the same way. 
A. W. Browne and co-workers obtained antimony BZidet SbNg, using an antimony 
anode in the electrolysis of a soln. of ammonium azide in liquid ammonia at — 67 °. 

T. Curtius and J. Bissom found that freshly precipitated chromic hydroxide 
dissolves in hydrazoic acid ; and while the soln. of chromium azide» Cr(N3)a, is 
stable, it decomposes on Gva])oraiion, and L. M. Dennis obtained a precipitate of 
chromium hydroxide by treating a soln. of chrome-alum with potassium azide. 
E. Oliveri-Mandak found that a soln. of chromic nitrate treated with 3 mols of 
sodium azide becomes violet and then green ; but nothing separates on standing 
even with cone, soln. Chromium azide may be separated by means of the insoluble, 
and stable pyridine compound, chromium pyridinoazidei [Cr(N3)3fC6ll5N)3], or 
Cr(N3)3.3l 5II5N, which forms a green, crystalline crust and explodes violently 
when heated. When boiled, its cone. aq. soln. deposits mixtures of basic salts of 
various cumpositions, chromium hydroxydiazide, OH.CT(N3)2,2HnO, which is fat 
less explosive than the original compound, being isolated. Aq. soln, containing 
chromium azide exhibit the green colour peculiar to complex chromium salts, and 
do not yield a precipitate with ammonia soln. ; even when the experimental 
conditions are widely varied, addition of silver nitrate does not rause precipitation 
of the whole of the nitrogen as silver azide. E. Oliveri-jUandala and 6. t'ornella 
obtained the normal azide by evaporating the alcoholic soln. in vacuo over 
potassium hydroxide, and chromiam dihydro^azide, CrN3(Oil)2, as a product 
of hydrolysis. Green crystals of sodium chromium azide, CtNo.3NaN3, were also 
prepared, and this salt gives a blue coloration with ammonia, and with silver 
nitrate, it does not form silver azide, but rather a highly explosive complex salt. 
This indicates that a complex anion is present — probably [Gr(N3)B'"|, analogous 
with [OrCyg'"], and [(V(SC'y)Q"]. The corresponding chromihydrazoio add, 
H3Cr(N3)Q, has not been isolated owing, it is supposed, to its ready dccoiuposability. 
L. M. Dennis obtained a precipitate of uranium hydroxide by treating a soln. of a 
uranium salt in a similar way, T. Curtius and A. Darapsky found that only a 
basic uranium azide was produced by evaporating a soln. of uranyl hydroxide or 
potassium uranate in hydrazoic acid, 

T. Curtius and J. Bissom showed that the evaporation of a soln. of 
manganese carbonate in hydrazoic acid gives a pulverulent, non-crystalline 
maugaiieae hydrozyazide, Mn(OH)(N3)2, wliich cannot be purified by re-crystal- 
lization. The product is sparingly soluble in water; it does not explode by 
percussion, but does so on a hot plate. L. Wohler and F. Martin gave 203 '^ for 
the explosion temp, of manganese azide. T. Curtius and J. Bissom obtained 
a colourless soln. of lenODS BZide by the action of sodium azide cm a soln. of 
ferrous ammonium sulphate ; when boiled, the salt decomposes ; and when shaken 
in air, a blood-red soln. of bflic azide is formed. The same salt can also be obtained 
directly from ferric salts. When the soln. of ferric azide is boiled, ferric hydroxide 
is precipitated ; and, added T. Curtius and A. Darapsky^ if allowed to stand in 
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the cold, a brown tonio hyJroiyaaMe ia precipitated. A. W. Browne and co« 
workPTS obtained ferric azide by the electrolysis of a soln. of axomoninm azide in 
liquid ammonia, at — using an iron anode. L. M. Dennis obtained ferric 
hydroxide by treating iron-alum with potassium azide — vide supra, the analytical 
reactions of bydrazoic acid. T. Curtins and J. Rissom found that ^e evaporation 
of a Boln. of cobalt carbonate in hydrazoio acid yields a OObalt bydroxyazUe^ 
Co(OH)(N 3)2, and some normal cobalt a&de» C!o(Ns)2. When the soln. is treated 
With potassium azide, crystals of potSSSilim cobalt azidei EColNshi, and with 
ammonium azide, crystals of ammoninin cobalt azide, NH4Co(N3)3, are formed 
lospcotivcly. L. Wohler and F. Martin found the explosion temp, of cobalt azide 
t n be 200 °. Nickel behaves under similar conditions in an analogous way, furnishing 
nickel hydioiyazide, and nickel azide, as well as potassinm niokd azi^ 
and ammonium nidml azide, NIl4Ni(N3)3. L. Wohler and F. Martin found the temp. 
1)1 nxplosion of nickel azide to be 200 °. A. W. Browne and co-workers obtained 
iii(‘k(d azide by the electrolysis of a soln. of ammonium azide in liquid ammonia, at 
— 67 °, using a nickel anode. B. Loiie prepared cobalt diazidotctrammmonitratc, 
I (Vi(NH3)4(N3)o]N 03 f H2O, by the action of sodium azide on cobalt dinitratotetram- 
iniuunifTaio ; robslt diazotctramminoiodide, [Co(NH3)4(Na)2]l+H20, by the action 
of potassium iodide on the corresponding nitrate ; and cobalt diazotetrammino- 
dithionate, L^<^(^ll3)4(^8)2]S206+ll2(lf by the action of sodium dithionate on the 
nitrate. Rrmcmbnnng that the symbol En ” is used for eihylenediamine, 
Nli3.CLf2<CH2.NH2) Q-nd that the positions of the radiclos in the ammino-com- 
pouiids arc numbered in accord with the appended scheme ; 



R. Lone reported cobalt 1 : 2 -diiddorobisefhylcnedianimeazide, [Co(En)2Cl2]N3, to 
be foimed by the action of sodium azide on 1 ; 2 cobalt dichlofodicthylenecUamine- 
clilorulr ; cobalt 1 : 6-dichloiobisethylfflediamiiieazide, [Co(En)2Cl2lN3, by the 
aiilon of sodium an do on the corrcbponding chloride; cobalt 1 ! 6-diazidobis- 
cttayleneaiuineazide, [Co(En)2(N3)2lN3, by the action of sodium azide on the cor- 
rcsponiliiig dirhlorudicthylenediaminp-chloridc ; cobalt 1 : 6-diazidobisetbylene- 
diamine thiocyanate, [Co(En)2(N3)2lONS, by the action of potassium thiocyanate 
oniljca/idc; cobaltl : B-diazidobiselhylenemami^thimte, [Co(En)2(N3)2]820e, 
by ilio action of sodium dithionate ; cobaltl : S-diazidobisethylcn^aminenitrate, 
I Cu( Kn]2(N3)2jN03, by the action of sodium nitrate ; cobalt 1 : G-diazidobiseihylene- 
diaminechloroaurate, [Co(En)2(N8)2]AuCl4, by the action of hydrochloroauric acid 
on cobalt 1 : 6-(liazidodicthylenc(Uamine azide ; and cobalt 1 : 6-diazidobis-* 
ethylenediammediloroplatinate by the action of hydrochloroplatinio acid on 
cobalt 1 : 6 diazidoicthylencdiamino azide. 

T. Ourtius and J. Rissom mixed a cone. aq. soln. of hydrochloroplatiiiic acid 
and potassium azide in the molar proportions 1 : 2 , and on evaporation of the red 
Boln. olitained a residue which exploded with ein Jruchibarer DeUmalion, and doubt- 
less contained platinum azide. When the proportions of the original coDstiliicnts 
were in projinrtions conformable with H8PtCl3+BN3K— K 2 Pt(N 3 ) 3 + 2 NaH 4 6 KC 31 , 
what appearcil to be potassium azidoplatinate was formed. On evaporation, the 
cone. aq. soln. exploded. By mixing ammonium azido and hydrocbloroplutmio 
acid, and concentrating the soln. by evaporation, a very explosive residue was 
obtained. 
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§ 80. The Fizatioii ol Atmospheric Nitrogen by Oiganisms 

The ioitility oi cultivated fields and gaidens is dependent upon the amount of 
combined nitrogen 'which is added as manure or fertilizer. Of course, cullivatcd 
plants require fertilizers containing other elements — ^phosphorus, potassium, etc. — 
but the problem of suppl}*ing available nitrogen is jircdomiuant. This has long 
been recognized. Thus, about the middle of the seventeenth century, J . K. Glauber ^ 
wrote : 

Deservedly may sall'petre or nitre be termed the universal aubjeet and wonder of the 
world. ... if it wore not so, how comes it to be so plentifully found in all things T . . . 
All thoide things which dung tho fields and lands, and fatten them most neccNSniily contain 
m them saltpetro; for, from tliis only and alone, comes all the fertility throughout 
tlio whole earth, which axiom cannot bo gainsayed. , . . Having shown that nitre or 
saltpetre may ]jii had imin all things, viz., from herbs, wood, four-footed beosls and creeping 
tilings, from birds in tho air, and Bshes in tho wafer, yea, from tho very olemonls tliom- 
Bolvos— earth, water, air, and lire — it must needs follew that it is that so much siiokoii 
of universal without which nothing can either be or live. It is the bi'gutter and 

destroyer of all things, os I have demonstrated in my Miracultm mundi out of the most 
ancient philosophor Hermes. 1 thorcfoi'o hope that nobody will any more duubt thereof 
or oppose himstdf with a perverse stubbomnoss against a truth so manifestly known. . . . 
If any one is minded firmly to cleave to his own stubborn pervorsoness, oven Hermes 
Jiunself, sliould he rise from the dead, would lose liis labour in teaching him. 

A. L. LavoiBim demonstrated tliat uitiic acid dues not pie-azisl in the chalk 
of Bochc Guyon, and Moubbcbux, but ia formed by the action of air. In 179C, 
W. Saltonslall inferred il>at at the instant of ita oacapo from putrefying aubBtancea, 
nitrogen is oxidized by the oxygen of the air ; and 1'. Thonvenel produced nitratea 
by exposing chalk to the gases evolved from the putrefaction of animal and vegetable 
aubatancce— mirturea of ammonia and air ; and he concluded ; 
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It is demonatrated by our «xporiinnit$ that atmosphario air poaseMM ^ that ia 
nDceaaary to aeive for nitrifioatioiit as well aa air which emonatea from putreeoent bodiaa 
provided it fluda matter capable of absorbing the materialB. 

Early in the nineteenth century the deposits of nitrates in the PeruTian desert 
afiraoted attention, and the subject was discussed by J. B. J. D, Boussingaulti 
M. Longchamp, T, Qraham, J. L» Gay Lussac, rtc. — vidc^ 2. 20, 36, It was soon 
rccognized-*e.y. by H. Davy, J. yon Liebig, J. B. J. D. Boussinganlt, and 
G. J. Mulder— that the production of nitrates in soils is at the cost of the organic 
nitrogen which is present. The nitrogen contained in soils is made up of ammonia, 
nitrates, nitrites, ami mainly organic compounds. Tho organic matter is largely 
derived from the tissues of plants and animals, and is often referred to as humus. 
According to S. L. lodidi, humus consists largely of proteins together with their 
ilccompusition products. There are also nucleoproteids, and non-protein sub- 
stances like acid amides, and amino-acids. Under the influence of pioteolytio 
enzymes, bacteria, or chemical agents, the proteins are decomposed fir^, forming 
alliimoses, peptones, and polypeptides, and then mono- and di-amino-acids^ and 
acid amides ; and the nucleoproteids furnish nucleins, nucleic acid, and purine and 
pyrimidine bases, aa well as some proteins. 

0. F. Schonbein thought that the nitrates in soils were produced by the union 
of atm. nitrogen with evaporating water to form ammonium nitrite-^e supra, 
ammonia. G. J. Mulder, S. do Luca, S. W. Johnson, and A. Houzcau attributed 
the nitrates to the action of ozone on the nitrogen associated with organic matter. 
F. Guppclsriidcr, and L. Carius assumed that nitrates are formed by electrical 
discharge in air. C. F. Collard de Martigny believed that the bases present in soils 
exerted a predisposing affinity on the nitrogen whereby nitrates were formed. 
F. A. Uaarstick assumed that the iron oxides in soils stimulated the formation of 
nitrates ; and, according to N. A, E. MiUon, the slow oxidation of alkali ulmates 
in the soil induces the oxidation of ammonia by contact action. K. A. E. MiUon, 
and albO F. U. Storer found that all attempts to oxidize ammonia in the wet way 
by fiTric oxide have proved unavailing. A. Miiutz and T. Schlosing first demons 
^tTatcd that the nitrification in soils is the work of organized ferments, or bacteria. 
The production of nitrates can be arrested by raising the temp, to 100^ or by 
treatment with chloroform, which has but little efiect ou soluble ferments. B. War- 
ington also showed that antiseptics like carbon disulphide, and phenol, as wcU as 
chloroform, are inimical to nitrification ; that where nitrificalioii has been arrested, 
that process can be restarted by seeding with a substance already nitrifying ; and 
that light hinders the activity of the organism responsible for the oxidation of 
ammonia. These results were confirmed by P. P. Delierain, E. M. Davy, 
J. H. M. Munro, and E. Godlewsky. The biological character of the nitrifi- 
cation process was indicated by tho work of A. Mliller, J. Soyka, etc. A. MUntz 
and T. Schlosing isolated the bacterium— tn'icrococotfs nAr//Ecans— thought to be 
responsible for the nitrification of ammonia in soils. B. Warington then showed 
that the nitrification is rcaUy the joint efiect of two organisms ; one converts 
ammonium salts into nitrites, but fails to change nitrites into nitrates even after 
the lapse of several years. The subsequent conversion of nitrites to nitrates is 
the work of another organism, although, as A. Miiutz showed, the nitrites may be 
oxidized chemically by the joint action of the carbon dioxide and oxygen of the 
atm. P. F. and G. C. FranUand isolated the baciUocoocus which produces nitrous 
acid bom ammonium salts ; and S. Winograilsky, the bacterium which transforms 
the nitrites to nitrates, but has no action ou ammonium salts ; and also the one 
which converts ammonium salts to nitrites. W. Omeliansky failed to detect the 
presence of an oxydase accreted by the organism which oxidizes ammonia to nitrite 
either in the filter^ medium or in the disintegrated bacteria. The organism which 
oxidizes nitrites to nitrates cannot oxidize sidphitcs to sulphates, or phosphites to 
phosphates. 

S. Winogradsky emphasized the ubiquitous distribution of the bacteria concerned 
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with nitiification ; he found them in the soils of all climates ; in sea-waters ; 
in drainage waters ; etc. This has also been confirmed by A. Mliniz, F.^Weis, 

F. Ehrenberg, W. Migula» A. Reddies, H. Schultz-Bchulizenstein, H. S. Frcmlin, 

F. L. Stevens and W. A. Withers, E. F. Ecllermann and T. R. Robinson, A. D. Hall, 
H. V. von Falckenstein, P, Thomsen, E. Brandt, E. Baur, E. E. Reid, F. Didnert, 

G, 6. Nasmith and Q. F. McEay, F. Rudnik, etc. According to A. Mtintz and 
E. Loino, the filtration of dil. ammoniacal soln. through animal charcoal or peat 
is arromiianied by some nitrification. F. Hiippe, W. Hcracus, R. Warington, 
A. Miintz, T. Lenne and 0. Magnanini, T. Bchlosing, M. Berthclot, P. F. and 

G. C. Fraukland, E. Chuard, 0. Helm, A. D. Hall, W. Omeliansky, P. P. Doherain, 
and J. Wortmann showed the dual nature of the process, for the barteria assimilate 
not only nitrogen but also carbon from dil. soln. of ammonium carbonate. The 
work of R. Ruche, St. von Bazar ewsky, and G. G. A. Weber showed that the most 
favourable torap. for nitrification by bacteria is 25°-27“. St. von Bazarewsky, 
A. Koch, J. G. MacBeth and N. R. Smith, F. P. Dshdrain, T. Schlosiiig, H. Buhlcrl, 
P. hfazd, T. L. Lyon and co-workcrs, and W. P. Kelley found tliat the nitrification 
process is most active near the surface of the soil, and the aeration of the soil favours 
the process. The presence of about 17'0 per cent, of moisture was found by 
A. E. Traaen, A. P. Lipman and co-workcis, 0. Lommermaun, R. Stewart and 
f1. E. Greaves, J. C. MacBeth and N. K. Smith, K. Rojhe, W. Ruddin, and 
W. P. Kelley to be most favourable for the nitrification, but the nature of the soil 
is also of intlueiicc. Other things being equal, highly acidificil soils were found by 
E. E. Ewell and II. W. Wiley, and P. L. Lyon and J. A. Bizzell to be harmful, while 
basic soils arc beneficial, E. Miirmann, 6. Marliida, P. E. Muller and F. Weis, 

H. Fischer, J. Vogel, 0. Lcmmermann and co- workers, E. B. J<Ved, E. rolszeuiiisz, 
W. A. Withers and G. S. Fraps, W. P. Kelley, F. Miller, and T. Arnil found calcium 
carbonate fa\ourB nitrification, but not so magnesium carbonate ; S. Dozaiii, and 
J. W. Paterson also found gypsum favourable, but not to the c.\tcnt of calcium 
carbonate. J. G. Lipman, J. C*rochetelle and J. Dumont, found sodiiiiu carlmnate 
harmful, sodium chloride less so, and sodium sulphate still les'i so. P. L. Gainey, 
('. de Bnailles, and A. Pugnoul found carbon diHulphiile to be haimful ; Einil 
P. Cacciari, that naphthalene is also harmful; while A. Kodi .inrl A. (JelsjuT 
observed no ill-efieits with tannin or pine resin. •!. E. Greaves noted that arsenic 
stimulated the activity of the bacteria, and C. Montanari, and G. Lcuneini, likewise 
salts of manganese and of the heavy metals. S. AViuugTaclskv, W. Omebunsky, 
and 0. Meyerhof found that relatively small pro])ortiuiis of glucose, pc])tonc, 
flsparagin, glycerol urea, sodium acetate, sodium bulyrale, and ammonia act 
deleteriously on both the nitrite and nitrate ferments. J. G. Lijmuui and 
P. E. Brown found nitrification dependent on the cone, of the ammonium salts 
present ; R. Ferotti, that the speed of nitrification follows a logarithmic curve ; 
and W. Oineliansky, and 0. Meyerhof, that a high cone, of ammonia or 
of nitrite is hariidul; the optimum cone, of the nitrite is about l)'0,3 ])cr 
cent, with a second optimum with 0-1 per cent. — over 0-3 per cent, interferes with 
the progress. E. Rolants observed that 0-2 gim. of free ammonia per litre is 
completely nitrified ; but with 0-5 grm. per litre, the juoccss is inhibited, and 
E. BouUaiigcr and L. Massol, that the process is at a standstill with 30-50 grms. of 
ammonium carbonate per litre, but works well with 2 grms. per litre. Atiompis 
have been made by A. Mtintz and E. Laine, E. Boullanger and co-workers, 

H. L. R. Lunden and C. T. Thorbsrll, and others to uLilizo the bacterial oxidation 
of ammonia to nitrates ; but the reactions arc so slow, the space required for 
handling the enormous bulk of dil. soln. required is so large ; and the cost of 
evaporating these dil. soh. is so great that the results on an industrial scale arc 
not likely to be profitable. For the denitrification of nitrates by bacteria, vide 
the formation of nitrogen, ammonia, and nitrites. F. Lohnis has discussed the 
nitrification and denitrification of soils. According to P. Haupt, and A. Tschirch, 
the absorption of atm. nitrogen by leguminous plants is due to electronic aclioBi 
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ftnd this view wu supported by the iroik of E. Hiedemsnn, end F. Fkshter and 
R. Snter. D. Burk diwuseed the free energy of the fixation of nitrogen by living 
organisms. 

J. B. J. D. Boussinganlt tried if certain fungi— the fenicillium---cm fix 
atm. nitrogen, but the resnlts were negative. On the other hand, F. Sestini and 
G. del Torre, J. 6. Lipman, W. F. Latham, E. I. Fulmer and L. M. Christensen, 
C. Temrtz, E. Furiewitsch, and K. Saida obtained positive results. Numerous 
investigations have been made on this subject. H. Davy said that the earthy 
constituents of soils are alone unable to fix tho nitrogen as plant food. M. Borthelot, 
however, was able to prove that the bacteria in soils are able to enrich the soil 
by fixing atm. nitrogen. This result was confirmed by the work of F. F. Dcherain 
and L. Maquenne, E. J. A. Gautier and R. Drouin, T. Schlusing, A. Fagnoul, 
B. Tarke, H. Immendorff, V. AIpe and A. Menozzi, M. W. Beycriuck and A. van 
Doldcn, M. Gerlach and 1. Vogel, E. von Freudenrcich, A. Koch, S. Winogradsky, 
F. Lohnis and T. Westermann, etc. Tt has long been known that leguminous 
plants— )»pa8, brans, clover, lupins, alfalfa, etc. — enrich the nitrogen content of 
soils. These plants have tho remarkable power of producing comparatively 
large quantities of nitrogenous protcids even when nitrogen compoiinds arc absent 
from the boil. Plants like the gramincse can do tins only when nitrogenous food 
16 at their dibposal m the soil itself. The fart was mentioned in 1808 by A. D. Thaer, 
and II. Davy said tlial the nitrogen contained in peas and beans is deiived from the 
atmosphere. Tliese observations were abundantly confinned hy J. li. J. I). Bous- 
Bingdult, G. Ville, J. B. Ijawrs and J. H. Gilbert, H. Ilellnegtd and II. Wdfarth, 
('. Schidze, M. H Maerrker, E. Oatellier, W. 0. Atwater, J. Luloslawsky, 
r. Wagner, and T. Krlilosiug and £. Laurent. Nodules on the roots of those 
plants were studied by M. Malpighi, J. Dab champs, P. Bocpone, A. F. de Candolle, 
L C. Treviranus, II. Lacliman, J. Enkson, A Cornu, T. Dyer, E. Warming, 1 j. Kny, 
A, B. Frank, E. E Piillieux, etc. The nodules on the rootlets of a phaseolus are 
illubiiated by f jg. 55. A magnified crosb-section is shown in Fig. 5G. They were 




Fig, 55 —Tubercles or Nodules on 
Boot of Bean Plant. 


Fiu 56.— (^roBS-sortion through tJie 
Root-nnilulo of tho Boan 


Considered to be a pathological condition, and G, Oaspariini, and M. Woronin 
observed that the parenchyma cells of the nodules contained bacWia in short 
rod-like forms. F. SchiiidltT suggested that these bacteria — whic h M. W . Beycriuck 
called bacterium radwuMla ; and A. B. Frank, rhizohium legunmmarum- live with 
the plant in a kind of partnership, or symbiosis- -from cruV, with ; j3i wtnff, living. 
The bacteria live as guests m nodules in the roots of their host, and probably in the 
neighbouring soil. The symbiotic bacteria work up the nitrogen of the atmosphere 
in a form available as food for the plant on which they live. These bacteria are 
present in the soil, they penetrate the root hairs of legumes, grow into the corlex 
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of thp roots, and indnoo the fozmation of the taborcles. The baoteria multiply 
and pass into the tissue of the developing taberde. These observations were 
established by the work of A. Prazmowsky, H. Hellriegel, R. Oreig-Smith^ 
G. E. Mattei, L. Montemartini, H. MCller, Z. Kamerling, B. L. Issatschonko, 

M. W. Reyerinck, A. Sperlich, A. Trotter, E. R. Spratt, L. Koch, G. Nicolas, 
E. Jtilg, J. Bnmohorst, 0. Mattirolo and L. Buscalioni, A. Tschiich, A. B. Frank, 

E. Wanning, P. Schlirhopfl, P. E. L. van Tieghem and 15. Douliot, G. P. L. Sarauff, 
W. B Bottomley, 0. Zinsser, J. Golding, J. Levy, E. Br^al, L. Albert, A. L. Whiting, 
J. Rtoklasa, P. P. Deh^rain and E. Demoussy, F. Noble and co-workrrs, etc. 
B. Kayser and H. Delaval observiMl that the presence of a radioaefive uranium 
mineral increased the activity of nitrogen'fixing bacteria. A. W. Bosworth and 
co-workcTs observed that ammonia is produced by the human tubercle bacillus. 

The chemical actions which occur in the fixation of nitrogen under these con- 
ditions have been studied by L. Hiltner, but the results are indefinite. Many soils 
are very defirient in the bacterium radicicola, and experiments have been made 
by numerous workers— A. P. Aitken, C. Barthel, G. Bredmaim, H. R. ChrislenBen, 
R. Combes, A. Eirhinger, H. von Fcilitzen and co-wurkers, A. B. Frank, E. B. Fred, 
W. Golte, E. Grabner, L. Hiltner, K. F. Kellcnnan and co-wi^rkers, T. Imasehki, 
G. Kock, A. Kiihn, E. Laurent, C. P. Lipman and L. W. Fowler, F. Ijohnis and 
B. Suzuki, M. n. M3,rekpr and H. Sicfieck, N. Makrinofi, 0. Mattirolo and M. Boave, 
G, T. Moore, F. Noble and co-workers, V. Peglion, T. Eemy, J. Bchuloff, J. Simon, 

N. BtrampeUi, B. Tticke, A. Teieliinger, E. Teisler, ,T. A. Voloker, etc. — ^with the 
object of impregnating soils with the bacteria so necessary for the full dev(>lnpmeni 
of leguminous plants. A number of cultures of these bacteria hav(* been placed 
on the market so that soils can be readily inoculated, For example, there are 

F. Noble and L. Hiltner s nitragen ; J. Simon’s nzotogen; G. T. Moore’s culture, 
mtrobaeferine ; l)art€rizpd ppaf; etc. In a way, the results have been fairly satis- 
factory for certain crops when peptones and glucoM* were added to the water 
in which the nitrifying barteria are distributed for spreadiug on the soil. 

The early workers— S. Tlalca, J. Ingenhousz, anrl J. Priestley, for example, 
vide 1.3, 7 — on the assimilation of food by plants were more particularly concerned 
with the changes produced in the atmosphere Burrounrling the plant, and little 
progress could be made until the composition of air and water had been established. 
J. Priestley had the opinion that free nitrogen could be assimilated by the higher 
plants; while N. T. do Baussure, on the contrary, thought that nitrogen was 
given off by them. He abo concluded that plants derive their fond from air ami 
water — ^the nitrogen being derived from the amimniia and nitrogonou*) mailers 
in the soil; and the mineral constituents, also from the soil. The evidence 
adduced by J. B. J. D. Boussingault, J. B. Lawes and co-workers, was one time 
taken to prove that green plants, without the aid of bacteria, cannot fix elementary 
nitrogen from the atm. G. YiUe, however, contended that some green plants do 
possess this power, and T. Jamieson, E. Mamcli and G. Pollacci, B. Moore and 
co-workers, F. B. Wann, and C. B, Lipman and J. E. Taylor showed that wheat, 
barley, and some other plants can gain nitrogen at the expense of atm. air without 
the nitrogen being first fixed by bacteria, and then passed on to the plant ; peas 
cannot fix nitrogen without the aid of bacteria ; while the Bromus vUlosus can 
do HO to a slight extent. It is assumed that the fixation of nitrogen occurs in the 
cells of the green leaves. The physiological action is discussed in works by 
A. Fischer, K W. Jiirisoh, E. Abdcrhalden, H. Frolich, G. Btahel, C. Ternetz, 
P. Haupt, etc. 

E. C. C. Baly and co-workers ^ showed that soln. of nitrates and carbonic 
acid are respectively converted into uiizito and formaldehyde in ultra-violet light, 
and these products then react to form formhydroxamic acid ; this acid then 
combines with more photoBynthesized formaldehyde to give a variety of products 
— glyoxaline, free and substituted a-amino-acids, and substances of an 
alkaloidal nature. Metbylamine and pyridine are produced by the action of 
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photochemically activated formaldehyde on ammonia. According to 0. Baudieoh, 
cholera bacilli rapidly leduoo nitrates to nitrites, and the velocity of the reaction 
is dependent on the bacterial iron content. Dextrose in alkaline soln. reduces 
nitrites, but not nitrates, and then only in the presence of traces of iron. Ferrous 
hydiocarbonate, or hydroxide, does not reduce alkali nitrates even at 100° in the 
absonco of oxygen ; the presence of oxygen, however, canses immediate reduction 
to nitrite, and there is a direct relation between the amount of oxygen dissolvod 
in tho water and the amount of nitrite formed. This fertilization ” process 
involves the production of a peroxidic iron compound, nitrite, and tho reactive 
intennndiate substanco potassium nitrosyl, KNO. The latter substance reacts 
wilh aldehydes with the formation of hydroaximic acids, OH.N : N.OU. The 
iiiagnctio properties of the peroxide are directly related to its great chemical 
activity. The action of potassium pentacyanopeioxofcrrate, E3[Fc02(NG)5], 
in behaving as an oxygen carrier and activator is likened to a simple type of 
respiration. Whilst light of long wave-length brings about tho formation of an 
alkaline aquobase from potassium feirDcyauido soln., the reduction of alkali 
nitiatcs is ofiecied only by light of short wave-length. In summer sunlight, 
alkali nitrates can be reduced to nitrite in a short time if small quantities of 
romplex salts, potassium ferrocyanide, are present. Formaldoxime and 
furmaldchydo in sunlight form cyclic nitrogen compounds which contain pyridine 
and pyrrole rings and give the typical alkaloidal reactions. An aq. soln. of 
acelaldoximc and formaldehyde when exposed to sunlight gives a thick, dark 
brown symp which has not been investigated. Nitromethane also unites with 
formaldehyde under tho influence of light, or in weakly alkaline soln., isonitro- 
but^lglycerol being formed intermediately. The illumination of alkali nitrates 
With daylight in the presence of formaldehyde yields gases agreeing qualitatively 
with those formed by soil bacteria, and (in the presence of iron salts) formhydrox- 
amie arid and formaldoxime. It is possible that many soil bacteria and also 
green leaves utilize nitrnus oxide from the air for nitrogen nutrition. Although 
at considerable altitudes, ot by the influence of silent electric discharges, carbon 
dioxide can br reduced to formaldehyde, which may then react with nitrous oxide 
from atm. nitrogen and oxygen to yield formhydroxamic acid, it is thought 
possible that tho reduction can be eflected by sunlight at sea-level without the 
aid of chloiophyll. N. B. Dhar and B. P. Sanyal found that while ultra-violet 
light is more eflectivc in certain photosyntbeses, yet tropical sunlight contains a 
number of rays which can effect the synthesis of complex compound from simple 
Biibslanees. Methylamiue, which is formed in about 12 lirs. when ammonia and 
formaldeliyde are exposed to tropical sunlight, passes into a number of complex 
substances of tho alkaloid type. In violet-light, nitrogen and oxygen combine to 
form nitrogen oxides. Tho difference between the action of sunlight and ultra- 
violet light in promoting photosynthesis is one of degree rather than of kind. 

The nitrogen cycle. — All living matter, and the waste products of animals 
contain considerable quantities of combined nitrogen. This element is a necessary 
constituent for the growth of living organisms. During the decay of organic matter 
through the agency of bacteria, part of the nitrogen finds its way back to the 
atmosphere, and part passes Meetly into the soil to bo absorbed by plants. 
Animals cannot assimilate free nitrogen, and they are accordingly dependent upon 
the plants for their supply; nor can the plants usually obtain the nitrogen they 
require ^ect from the atmosphere. Most plants got their nitrogen from the soil 
where it is present in the form of nitrates, ammonium, or other complex compounds. 
The organic matter in the soil is attacked by bacteria of various kinds, and part 
is converted into nitrates and part into tee nitrogen. A certain amount is 
brought back from the atmosphere, during rain stoims, where it has been oxidized 
into ammonium nitrate by electric dificharges. These supplies of available 
nitrogen, however, do not suffice to maintain the fertility of cultivated soils. 
It is therefore necessary to make good the constant draining of the available 
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nitrogen b}* the cultivated plants. Ibis is done by allowing nitrogenous matter 
— ^manures — ^to decay in tbe soil, or to add to the soil a mixture— fertilizer — 
containing available nitrogen and other plant foods. Tbe processes involved in 
the circulation of nitrogen in nature may be summarized in the scheme : 


ammomacal ienAeint, sta 



Flu. 57,— Tho Nifro^ Cycle. 


The idea lias beoii I'xprcssod iji a more romantic way. To-day a nitrogen atom 
maybe throbliing in the vAU of the meadow grass ; to-morrow it may be pulsating 
through the tissues of a living animal. The nitrogen atom afterwards may rise 
from ileeayiiig animal refuse, and stream to llie upper regions of the atmosphere, 
where it may be yoked with oxygen in a Hash of lightning anrl return as plant 
fowl to the soil in a torrent of rain ; nr it may be directly absorbed from the 
BtmoK])lier(‘ by the soil, and there Tendered available for plant fond by the action 
of symbiotic barteria . Thus each nitrogen atom has doubtless undergone a never- 
ceasing cycle of changes through countless aeons of timc.3 
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§ 31. The Fization ol Atmoepherio Nitrosen bj Direct Oxidation 

The consumption of nitrogenous matters in the cultivation of lauds cannot 
be made good by the nitrogen compounds formed by natural processes. Nature’s 
way of rebtoring nitrogen to soils is by bacterial action, and electrical discharge 
ill the atmospbero, which cause the union of oxygen and nitrogen, and, according 
to J. von Liebig,^ this results in the prodiioiion of about 10*3 to 10*2 lbs. of com- 
bined nitrogen per acre per annum. B. Moore also has shown that it is possible 
that some lixalion occurs by the action of solar rays. The development of 
agiiruhurc is largely dc})cncleni on the cheap production of nitrogen in a form 
available for plant food. The cultivation of wheat, for example, is largely 
depenilrMit upon nilrogenous manures. Not many years ago, the supplies of 
available nitrogen wore derived from the Chilean and other natural deposits of 
nitrates ', and the aiinnoniacal salts obtained as a by-product iu the manufacture 
of coal-gas, and coke. The production of nitrates by bacterial action, and in 
nilre-pliiutatinns — 3. 20, 3G^is utterly inadei^uate to supply the growing needs 
ot agriculture when supplemented by animal excremeuta and refuse, and sewage 
sludge. Although the nitre beds of Chile and Fi‘ru contain millions of tons of 
nitie, yet the outlook was not hopeful because it was estimated that the beds 
would be ajjproaeliiiig exhaustion in about a century. Most of the nitre is used 
as a fertilizer for wheal, etc. Wheat is the staple food of the white race'^. Conse- 
quently, W. Crookes could say in 189W, “ The fixation of nitrogen is vital to the 
progress of civilized humanity, and unless we can class it among tlie certainties 
1 r) come, tlie great (Caucasian race will cease to be foremost m the world, and will 
be squeezed out of existence by races to whom wlieaten bread is not the staff of 
life.” The problem has since been solved. The atmosphere contains about 
4x10^^ tons of nitrogen, so that there are about 20 million tons of nitiogen over 
each square mile of the earth’s surface ; this is over 30 times that produced per 
annum as Chile saltpetre and by-product ammonia. There is therefore probcnt 
at hand an enormous supply from which the nitrogen can be borrowed for the 
pn])aration of plant food. The supply is inexhauslible because, in due course, 
it IS returned to tlie atmosphere as elemental nitrogen by the operation ol nature’s 
perpetual cycle. 

Juat as during the Napoleonic wars, when the French ports were closed, the 
need for nitrates for the manufacture of gunpowder stimulated the beleaguered 
French to culiivatc nitre-plaiilations (8. 20, 36), so also duiing the 1914-18 war, 
the need for nitrates for the manufacture of explosives stimulated the beleaguornd 
Oernians to develop methods for the fixation of atm. nilrogen in llie form of 
nitrates. As a result, in 1917, they wore making nitric acid from atm. nitrogen 
at the rate of 320,000 tons per annum, wherens in 1914, only one-fifth of tins 
amount was produced. Otherwise expressed, the nitrogen fixation processes 
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contributed only 1'5 pec cent, of the wocld’s conBumption of nitcateB and ammonia 
in 1912 ; this had incrcaaed to 13 per cent, in 1920 ; and now^ fixation proceBBes 
furnish the largest proportion of the world’s requirements. 

Several solutionB of the problem so clearly stated by W. Crookes have been 
devised, some of these processca are now competing industrially, others are a little 
more costly, and are in consequence not in operation. The more important ways 
of fixing atm. nitrogen arc : (i) The direct oxidation of nitrogen to its oxides so as 
to furnish nitric acid or nitrates, as typified in the arc processes ; (ii) The direct 
combination of nitrogen with hydrogen to form ammonia as typified by F. Haber’s 
process — vide supra ; (iii) The absorption of nitrogen by the metals which subse- 
quently form ammonia when treated with water as typified by 0. Serpek's piucess 
^~vidc supra ; (iv) The absorption of nitrogen by carbides as exemplified by the 
cyanamide process of A. Frank and N. Caro. More nitrogen is fixed by this 
process than by any other one. (v) The conversion of atm. nitrogen into 
cyanides os exemplified by J. E. Bucher’s process ; and (vi) The oxidation of 
nitrogen during the combustion of coal gas or natural gas as proposed in 
F. Hausser’s, and 0. Bender s processes. 

About 1T75, J. Priestley 2 passed a series of electric sparks through atm. air 
confined in a suitable vessel over water coloured purple by a decoction of turnsole 
or archil. He found : 

The muht important though least ozpocted obeen^aliou ^oh that the upper part of the 
liquor liecamo rod, and in proportion os tlie rod extended bo did tho liquid rinu in tho vosbcI, 
diiuinibliing the space in whirii the sparks woro passing. 11 o found that tho air contractod 
one-fiftli of tho whole space, after whieh more sparking produced no sensible oliect. 

It was at first thought that fixed air — carbon dioxide — was producer], but 
when II. Cavendish repeated the experiment, the absence of any signs of turbidity 
was taken to prove that carbon dioxide was not produced by the electrification 
of atm. air. U. Cavendish then proved that the product of tho action is nitrous 
or nitric acid. In his experiments on the production of water by the exjilosion 
of mixtures of inflammable air (hydrogen) and common air, II. (Javendish found 
that if a mixture of oxygon and hydrogen is exploded the dew whioh results is not 
pure water, but water containing nitric acid, which when neutralized with alkali 
and evaporated, funiLshod crystals of nitre. This result was embarrassing, for if 
water and water only is derived from the explosion of hydrogen and common 
air, in which the contained oxygen is alone consumed, why is water not derived, 
d Joitiori, when the nitrogen of the atm. excluded, and when the elements 
oxygen and hydrogen are exploded in their just proportions with each other ? 
'Whence comes the nitric acid ? In January, 1783, H. Cavendish proved that the 
nitric acid is derived from the nitrogen of the atmosphere, and that if the hydrogen 
and oxygen be properly purified, no acid is formed. By gradually increasing the 
proportion of nitrogim added to a mixture of hydrogen and oxygon, the quantity 
of nitric acid is increased, but there is a limiting value, since when the proportion 
of nitrogen approaches that of air, the heat produced by the explosion is so much 
diminished as to be incapable of determining the formation of nitric acid, and water 
alone is foriucd. H. Cavendish also showed that by passing an electric spark 
repeatedly through a mixture of atm. air and oxygen, confined in a bent glass tube 
by columns of mercury and soap-lees, nitric acid is formed, which, uniting with the 
alkali of the soap-ices, forma nitre. The process is slow and tedious, and failed 
in the hands of M. van Manini and P. van Troutswyk in Holland, and of 
A. L. Lavoisier, and G. Mongc in France. In consequence, it was repeated three 
times under II. Cavendish’s own directions before a committee of the Koyal 
Society, and the result fully established. 

The fixation ol nitrogra by electrical diabhargea.— H. Davy > studied the 
formation of nitric acid during the electrolysis ol water in the presence of air — 
1 . 3, 6— and 0. F. Schdnbein explained this on the assumption that ozone is first 
formed, and that this attacks the nitrogen, forming nitrogen peroxide ; but 
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L. CariiiB showed that ozone docs not attack nitrogen either at ordinary or at 
rlevatod temp. B. Bbttgei, A. Feirot, and H. Buff and A. W. Hofman found that 
induotion sparks quickly form nitrous fumes in dry or moist atm. air. G. Meissner 
said that oilj ozone is formed by the spark or silent discharge in dry air, but in 
moist air, nitrogen peroxide is formed. He said that ozonized air pasBrd through 
water produces nitric acid, but this slatement awaits verificaiion. The formation 
of nitric acid by the action of the silent discharge on air passing through an ozonizer 
was noted by J. B. Lawes and oo-workors, P. Hauicfeuille and J. Cbappius, 
C). F. Harding and E. B. McEachron, II. Spiel, E, W. von Siemens and J. 0. Halskc, 
W. Lob, M. Bcrthelot, S. Gloez, S. de Luca, K. Sellrntin, and J. von Eowalsky.' 
A. Findlay likewise observed the formation of nitric acid and during the action 
of Tesla’s brush discharge on a mixture of moist oxygon and nitrogen. 
A Makowetzky used an apparatus consisting of an H-tube containing dil. sulphuric 
acid. One limb contained the platinum electrode, through which the current 
passed into the acid ; the gas evolved at it was collected separately, 'Above the 
surface of the acid in the other limb, which was closed so that the gaseous 
products could be collected, the second electrode was placed. The arc was formed 
bptween this second electrode and the surface of the dil. arid. The second 
electrode was sometimes a water-cooled platinum tube, sometimes a Nemst 
glower, which was allowed to become hot. When the arc is formed in an atm. 
of nilrogon using the liquid surfare as anode and a hot cathode, the only products 
aio hydrogen and a little ammonia. When the current is reversed, oxygen, 
hyilrogeii, hydrogen dioxide, ainmonia, and nitric acid are formed. The hydrogen 
dioxide is formed at the surface of the liquid owing to the very large cathode fall 
of potential. The gas at the surface of the liquid is almost entirely steam, which 
is probably diTomposed into liydrogen dioxide and hydrogen ; as niucli as 9 milli- 
mols of the former per 1()00 coulombs were found. The yields of ammonia and 
nitric Slid ore greatest with about 0'04 ampere (about 2 millimols per 1(XX) 
coulombs], and they appear to be formed throughout the length of the arc. 
K. B. McEachron ^ studu^ the form of the containing vessel on the production of 
nitne oxide by the higli-voHugc electric discharge. G. M. Schwab and R, IjOeb 
obtained nitric oxide by the action of a cold, direct current discharge with an oxide 
riiflindp on a mixture of nitrogen and oxygen at G mm. press. It is assumed that 
the greater part of the energy taken from the oxygen serves to activate the nitrogen 
by impact of the oxygen ions on the nitrogen muls., whilst the energy absorbed by 
tlie latter for which the absorption law ap])lies is, under tlie experimental conditions, 
only a small part of the cunent energy, which is mainly lust by reflection from the 
clectiodcs. 

The first serious attcnqit to utilize 11. Cavendish’s rcariiou for burning atm. 
nitrogen was made in 1859 by L. J. P. B. Lefeburc. She oblaiiicd a patent for 
making nitric acid by passing sparks through air, and absorbing the jiroduct in 
alkali-lyo ; but the process did not come to anything. In 1880, W. Sputliswoode 
and J. F. Moulton observed that a flame is excited by means of an alternating 
current, and W. Crookes, in 1892, showed that the oflect is due to the burning of 
the nitrogen. He said : 

Kitrogon is a conibuBtlble gas ; that is to sayp a mixture of nitrogen and oxygen (atmo- 
Kphuni* air) will under certain conditioiui bum with a flame, and production of lutnms and 
mine aoida. The reoaon why, when onro nitrogon is set on firo, the flame does not sproad 
throughout tlie whole atmosphere and deluge the world in a sea of iiitiic acid, is that the 
igiiitiiig.point of nitrogen is higher than the tomjieroturo produced by its combustion, and 
therefore the flame is not hot enough to set tiro to Uie adjacent gas. The temp, is a httle 
higher than that of a good blow-pipe flame, easily melting fine platinum wue. Tho hot 
gobos rising from a flame havo a strong odour of nitrous acid, and when it is produced in a 
closed globe, the intorior rapidly fills with red gases. 

In 1897, Lord Bayleigh isolated argon from atm. air by confining a mixture 
of 9 vols. of air and 11 vols. of oxygen in a glass globe in which the electric flame 




W Ugmi. ffe obtamed « yield eg. to 49 mu. of iiiM» 

iom. By «& altcmting ouwent of 60 pS» per necmS^S 
^WQOvoWs, A, 'McBotigall andF. H. Howies obtaii.ed a yield of 66 gmia. of aiiric 
acid per kilowatt hour. J do KowaUky iiicroaHod the yield btiJJ fiuthcr liy uwng 
a cuTU'iit of O'Oo amp, ftOjtKJO \olts, and 6(KI0 1()»(HX) periods jnT aer. ; ahiJo 
C. B Bradley aud D. R. Lovejoy obtaiiu*il a yield of B8 gnus, of nitne acirl per 
kilowatt hour by substituting arcs quickly torn away from the electrodes so as to 
furnish a senes of isolated sparks or arcs 

IiiE W. vou Sioineiis and J G Hakke h (aponn lent, Fig 68, nitrogen was burnt 

by jiabsuig air through a powerful 
electric arc sjiread t)V(*r as great a 

^\ ^.r r \rj" ' !r surface as possible by mcaiia of on 

eliMtromagnet In 1903. K itirkelanrl 
and S Kyje rstablirfiod a facton^ 
tho ^Oisk lIydn>Hlektribk Kiiaclbtof- 
if t akUesrKkab, at Notoddeii, Norway, 

I^l fui the fixation of .itni iiitjogen ns 

Fio .18- E W von Siomen. and 

J U. Halske’B p:xponineiit that with the onJuiary art flame, 

the hot split e is lelativolv small and 
the conditions fur ia])]d cooling aie bad, with mteruiittint b])Aikiiig or aicing, 
the conditions for rapid cooling an* better. The aie is spread out or disjieiscd by a 
magiietir field, and luiordmgly, the air lu the air itsilf is vtn hot , but )usl out- 
side the an, the air la conijmiatncly cool, so that the nitiogeii oxidrs fornud m 
the arc are cooled, at once, jUst outside the an llinte, wiun an is linitid in the 
elcctiic arc in ordii to oxidize the nitrugen, sluirt thick an iliiines are to be a\uiderli 
In 1903, A A. NaMlIe and 1*. A. and L\ 13 Guys showed that if the lutious oxide 
be allowed to aecumulate, the late of oxidation per unit of energy employed is 
greatly dimiuishtd, and lu tonbe(|ULnci% (1) the oxidized air should bo removed 
as specibly as posbiblc from the sjiarking cluiubti, and (2) tht* spaikiug ebambet 
should be as small as possible to hindti the diihision of oxidized an into the fiesli 
air eutoniig J Biode, F 0. Audiregg and co-workers. K. B. MiEacliion and 
co-workers, and A. Geitz studied the oxulatiuu of mtiogf^n lu the high-leusLOii arc 
flame. 


Id. Beithelot found that uhcii a unxtuie of mtri»gin and an excess of oxy^gen 
IS sparked over alkali-lye, an excess of iiitme o\er nitrate* is always jnoduceJ. 
This wcmld not be tbi* case if tho lutiogcm was oxidi/orl to nitrogen jirrovide Jle 
accordingly supposed that the two gases first combine In nitric oxide, and that 
this IS tJien oxidized to mtrous anhy dnde, which in luin is jiartly oxidizt d lo nitric 
peroxide, and part is atisorbed as such Nitrogen is so stable at oidinary temp, 
that msieud of exhibiting a tendency to oxiclizr, the oxides tend to break down 
into their eleincuts. The fiist step m the oxidation is to conveit the inlrogcm to 
lutnc oxide. I’Le nitric (»xide is subsecpnnily converted by the atm c»vygeu into 
intiogen peroxide. W. Muthmann and II. Hofer first attempted to imasiirc the 
eijuilibnum conditions of the* reversible reaction No-f Ojn^ 2NO, nt diileient temp., 
employing a high-tension alternating current arc between platinum electiodi'S, 
The measurements were subsecjucntly extended by W. Norust and his co-woikers, 
K. Finckli, and K. Jelhnek, by F IJaber and co-W’orkers, and others. The ecpiili- 
bnuni constant, A', for the reaction: No l-O^v-SNO, is [ 02 j[N 2 lA’ |NOj-. It is 
of course jirobablc that if Llir* temp, were to bo laised fugh enough, the mols. of 
iiitiogen ami oxygen would be dissociated into atoms , the endothcniial reaction 
Nj 4^ (>2 2NO would beeoine exothermal N | 0 NO ; and the cone, of the nitric 
oxide thereuftcr diiuimsh with nse of temp If / denote the percentage of iiitiic 
oxide by vul at i*quihbnuni, starting with an containing 79*2 jiei cent of nitrogen 
and 20-B per cent, of oxygen, A(79-2— Jx). Then, W. Neiust and fellow-workers 
showed that with air, 


0-^ , , 1604* 1700® mr 2S07® 2402* 2627*" 2^ 

fObfl. . 0 87 0-42 0 64 0-97 2-Q5 

*\C!alc. . 0-35 0*43 0-07 0-98 2-02 2-35 3*18 4:39 

where the calculated values are derived from the equation logip (JSt/iTj) 
= (3/2*3JB{(ri— rj/i’rj}, when the cone, of nitric oxide from air at 2200® K. is 0*99 
per cent. The formation of nitric acid is an endothermal process, and these results 
arc in agreement with the general law that a rise of temp, displaces the equilibrium 
iu a direction which favours the formation of an endothermal compound. The 
observed values of K at atm. press, are : 

‘’K . , 1811“ 1877® 2023® 2033® 2195® 2580" 2675® 

, ,.fObB. . -408 -3-97 -3-59 -3 60 -3-23 -2*67 -2-49 

. -4*13 -“3-96 -3-69 -3*57 -3-23 -2*68 -2-46 

whtTe the observed values are calculated from L W. Cederberg’s expression log £ 
,~-'9444r"'i+0-000372ri®'75-f.o*399. W. Nernst gave log X=l-63— 94502^^ ; 
and also log /r=l ■09— 94522^1; J. Boner, log A'~l -60— 94501“^ ; W. G. Shilling 
gave log A— 9397r-i-l-75 log r+0-O0C80r-O-05297r2+0-Oo442T3+l-6. 
C. P. Steinmetz, logio A=1'048— 9380r“'i. In the case where a mixture of equal 
vols. of nitrogen and oxygen is used, A(50— Ja:)2=a;2, or, since x is small, 
x--bOVKI(l+WK), very nearly, and with air, x=4Q-sVKI(l+0*^2Vk)> 
wry nearly. This makes the yield with a mixture of equal vols. of nitrogen and 
oxygen about. 18 per cent, greater than is the case with air. The gases leaving the - 
eoinbustion chamber must be cooled to ordinary temp, before they can be analyzed. 
Hence, if the cooling takes place slowly, the high temp, equilibrium will be displaced, 
forming a new state corresponding with the temp, at which the velocity of the 
reaction is negligibly small. Hence, it is imperative to cool the gases so rapidly 
that there is no time for a change from the high temp. equilibri\im to that of a 
new state. II. V, Tartar and M. F. Perkins found that with a high tension arc, 
and a gas velocity through the arc of 330 litres per hour, 
the equilibrium, approached from both sides, at atm. 
press., is that shown in Fig. 59. M. !e Blanc and 
W. Nurajieii found that below 300°, the reaction is 
bimolecular, and above that temp., a unimolecular 
reaction sets in. In the former case, denotes the 
velocity constant for the formation of nitric oxide, and 
Ajj? that for tlie decomposition of nitric oxide. If the rate 
of formation of nitric oxide be dxjdt, then, if Ci and 
respectively denote the vol. percentages of nitrogen and 
oxygen gases, and », that of nitric oxide, dxldt==Ki(Gi 
C. P. Steinmetz gave logio 
--0-1 61+5^31 Xl0-3r-9380r-i ; and logm *:2=9-113 
+5-731 X 10“3r. K. J ellinek has measured the velocity 
constants, ki and k^, and found them to be much affected by variations of temp. 
The time required for half the decomposition of nitric oxide into nitrogen and 
oxygen approximates to J needed for half the theoretical 

production of nitric oxide is ii=l-36ifci’‘*i?2“*. K. Jellinek found, for atm, 
press., 

“K. . 1000° 1600" 1900" 2100" 2500° 2900® 

. 4 0x10 3-78 X 10* 0 06Xl0» 1-40 X 10* 3-37 XlO'® 8 07x10” 

h ■ 1-74x10 ’ 2-33 X 10'^ 1-20x10* 6-65x10* 6-98x10’ 6-48x10” 

Time 81-62yrs. 1-26 days 2 08miii. 5-06 sec. 106x10 “sec. 3-46x10 * see. 

Here, at the absolute temp, indicated, the period of time is that required for the 
formation of half the possible cone, from air. On the other hand, the periods of 
time required for the complete decomposition of half a given quantity of nitric 
oxide at atm. press, are 7-35x103 min. at 900° K. ; 6-80 xlO^ min. at 1100° K. ; 
44-3 min. at 1300° K,; 8-3mim.M 1500® H. and 1-21x10^ min. 2100° K. E.Briner 
VOL. vm. 2 B 
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and co-workpi8 represented their results by log (C*^To/^NaC^oa)“^63— 94621*"^ ; 
and S. W. Saunders obtained fairly good roaults with log A"*— l-O— 94523**^ 
P. P. Stemmetz has made more elaborate calculations. The results show that the 
state of equilibrium, N 2 -|- 02 ^ 2 N 0 , is attained at very high temp, in a very short 
time ; and that below 1000^ the rate of decomposition of nitric oxide is so slow as 
to be negligible for industrial purposes. Hence, assuming that the reaction is purely 
thermal, the best results with air should be obtained by working above JK)00‘’, 
and cooling below about 1000^ with the utmost celerity. The most convenient 
way of obtaining the required high temp, is the electric arc, and no other method has 
been successful. J. Boner studied the results obtained in the oxidation of nitrogen 
to nitric oxide with platinum as a catalytic agents and also when the platinum is 
associated with the alkaline earths as promoiors. 

The only concliLsioii W. Muthmann and JI. Hofer, H. V. Tartar and M. F. Perkins, 
and W. Nemst could draw from the close agreement between the observed and 
calculated values of /, was that the reactitm is purely thermal in that the reaction 
observed is solely produced by the absorjdion of heat ; and tlicre is no deviation 
from the law of mass aition due to spetial elcetrical etiects; and 11. V. Tartar 
and M F. Perkins obtained no evidence that a reduction of press, would increase 
tlip eftciency of tlie process. M. le Blanc and W. Nuianen found that tlie equili- 
bnuin constant, A'l, wms not affected by chaugcb in the cone, of the initial mixture 
ranging from 3*2 to 87*i per ci^nt. of oxygen. A. (Jrau and F. Russ observed that 
the caluoof K iiUTeas*‘d vith increasing proportions of oxygen, and attributed tins 
to llip incTcasnd temp, of the are, because the cleclncal energy in watts required 
to niaintaiu tlie arc simultaneously iniTcasisl. They aftsiimeil, tlienfore, that an 
equality of watt conbumjitiou was an ajqiioximale criti‘riim of the equality of 
the temp, of the arc; aTulllicy found ihat the values of K were in harmony with 
the ai-sumptiou that the pnuebs is purely a tliimal one They also found that the 
equilibmini in the higli-tiuision arc is not inlluenced when tlie press, ehanges from 
701 to 847 mm in harmony with the law of muss action for inai lions iu winch the 
number of mols. does not change. F. Fnrfrter, and H. Lee and A. Beyer found 
the yields wcie piaitieally identical with the rlirect and alternating current dis- 
rhuiges, and hence cuiieludtMl that leacfiou in the an is not ufiertod by electrical 
influences, but is purely a thoiiual process. F. Huber and co-workers obtained 
much larger yields of nitric oxule than vrere obtained by W. Neniht, and by extra- 
pfdation, llie tpsuHlS w'ould leprcbcnt impossibly high temp — ^say, WKKJ K, Thus, 
wliile W. Nemst obtained 0 j)cr cent, of mine oxide at 32fXJ", F. Haber ami A. Kunig 
found that the percentage amount of nitric oxide formed increases with curnmt 
up to a maximum, and then la not affected by u further increase of current. They 
worked with press , ranging fiom 40 to 200 mm. The greatest yield of nitric oxido 
was obtained at 100 mm. press. 

Oxvgeiunitially prpBoiit . 20 9 48-9 44 4 75 0 81-7 percent. 

NitiK 0X1 do prod 111 eil . f)'8 14’4 14'3 ]2>77 12-1 „ „ 

Hence, some influence must be at woik other than the purely thermal change 
reprcbcnled by the equilibrium N^-j- 02 ^' 2 NO. E. Briucr and K. L. Durand, and 
P. A. Guye consider that our knowledge of the high temp, equilibrium of nitric 
oxide is based on values extrapolated from observation at much lower temp, and 
that subsidiary reactions such as disHociation of nitrogen and oxygen to atoms or 
ions would explain the production of greater propurliuiis of nitric oxide than are 
predicted by the extrapolation. 

M. Berthelot, in 1677, stated that nitrogen and oxygen do not form nitrogen 
oxides nndei the influence of the silent discharge, but in 1906, he showed that the 
gases do unit<* under this condition. H. Fischer observed tliat with a Tesla current of 
10,000 volts, a mixture of nitrogen and oxygen furnishes small quantities of nitrogen 
pentoxide, no nitric oxide, and a yield of ozone which increases with increasing 
cone, of oxygen, A. Gunthei-Schulzc observed that nitrogen and oxygen react 
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only Blightly in the glow discliarge, and 0. BoissonnaB studied tUis reaobion. 
D. Berbibelot and H. Gaudechon observed no reaction in the ligkt of a quartz 
mercury lamp. E. Warburg and G. Leithauser definitely proved that nitric oxide 
is produced by the silent electrical discharge in air at ordinary temp, when the 
thermal equilibrium virtually corresponds with no formation of nitric oxide. 
[I once, .t^iid E. Warburg, the formation of nitric oxide in the arc canuot be a purely 
Ihcrmal process, but electrical influences— say electronic collisions — must play a 
purt, K. Ilaber and co-workers argued that the primary action in both the high- 
tension arc and in the silent discharge is electrical. F. Haber and A. Konig said 
tliat the kinetic energy of the gaseous ions and of the electrons produced in 
the arc, moving under the potential gradient between the electrodes, is directly 
utilized in forming nitric oxide by collisions of the inas and electrons and with 
one another and with the neutral molecules. The greater the diilerence of poteuiial 
between the electrodes, the greater will be the kinetic energy oE these ions and 
electrons, and the greater the production of nitric oxide. In time, a state of 
clcrtrical pquilihrium will be attained in which an equal number of mols. of nitric 
oxide IS formed and decomposed by the electronic and ionic impacts. While the 
thermal equilibrium is determined only by the mass law and temp., the electrical 
equilibrium is also allectod by the amount of electrical energy expended per unit 
lime, ami this also (Icirrmincs the difEercnce between thermal and electrical equili- 
bria. The diffidence is shown by the fact that the equilibria conditions in the action 
of the silent disoharge in the read ions : 302^-203; 2C0-f 02r-2C02 ; andN2+3U2 
^ at ordinary tern]), arc the same, os the thermal equilibria at higher temp. 

Tlip slowii(‘S'9 of the reverse change at ordinary temp, accounts for the fact that 
the ih'rtrical equilibria ate preserved when the electrical stimulus is withdrawn. 
If the leiiip. is so liigh that the thermal equilibrium is attained very rapidly, tlio 
cli'ctiical equilibrium will be subordinated to the thermal equilibrium, and the 
observed cone, of nitric oxide will corn*spond to the purely thermal condition 
any excess due to the electrical stimulus will be at once decomposed, when the 
eh ctiical st iniulus is withdrawn. Hence, the electrical equilibrium will be dominant 
only when the temp, is low enough to decompose the nitric oxide very slowly. 
F. JlaliPr was able to realize this condition experimentally, by passing the gasea 
slowly urirler (Jinunished press, through narrow tube.s completely tilled by the arc, 
and conh’d by a water- jacket. The yields of nitric oxide were much higher than 
eorres^Mnidi'd with the simple thermal equilibrium at the temp, of the arc. UiMice 
it was argued that the use oE a low temp, arc gives better results than a iiigh temp, 
arc, alt bough the cold arc has not yet been worked industrially. The reason 
W. Neniit and fellow-wnikers obtained results in agreement with purely thermal 
e(|uilibria, when working witli the high tension arc, is due to the rapid secondary 
llu rnial rlrcompusitiou of the nitric oxide. The thermal mfliieuee got the upper 
hand of the cicetrical. K. Haber and A. Konig hold that in the work of \V. Miith- 
maiiTi uiirl H, ilufer, A. McDougall and F. U. Howies, and J. Biode, the assumed 
tniip. were not attained, and that in these short high-tension arcs, with alternating 
LMinenls, the temp, must vary enormously at every part of the are so that it is 
alniu.st meaningless to B]jeak of an average temp., and apply the result to calculate 
thermoilynamic equilibrium. The high results, 6-7-7‘4 per rent, of nitric oxide, 
oldiLiiii'd under these conditions might well be attained at the possible temp, of 
tiriiKV', but the thertnal equilibrium at such a temp, would be so mobile that it is 
very improbable the eonc. of nitric oxide actually attained uould be maintained by 
rajnd cooling. Hence, it is more probable that the observed results represent a 
kind of electrical equilibrium. These conclusions were confirmed by the work 
Holweeh and A, Konig, S. Karrer, G. W. Morden, and F. Haber, 
A. Kiinig, and E, riatou, Q, M. Schwab and 8. Loeb worked with a cold direct 
current discharge with an oxide cathode, and found the velocity of formation of 
nitric oxide with mixtures containing 20-^ per cent, of oxygen. 

f * Fischer and £. Ueno suggested that the apparent deviations from the moss 
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law observed b 7 A. Grau and F. RasSi and the high cone, of nitric oxide obtained 
hj F. Haber and A. Konig with the cooled arc, are due to the activation of oxygen 
in the electric arc. It is assumed that the conditionB in the electric arc are favour- 
able 1 0 the {orniation of ozone, and that the nitrogen is oxidized by ozoue. At first, 
with R. Escales, they thought in harmony with B. J. Strutt's observations, that 
the nitrogen was also activated, but since active nitrogen yields no nitric oxide in 
contact with oxygen, it was concluded that the nitrogen was not activated. They 
found that if ordinary nitrogen is allowed to mix with oxygen which has just been 
exposed to the spark discharge 6-6 times as much nitric oxide is formed as when 
ordinary oxygen is allowed to mix with the sparked nitrogen. In answer to 
A. Kunig's question how any nitric oxide is produced at all if no activation 
of nitrogen occurs when si)arked nitrogen is mixed with oxygen, they explained 
that the glowing nitrogen must have produced ozone when in contact with the 
oxygen. If a high -tension arc discharge be employed more nitric oxide is formed 
when air from the are streams into oxygen than wlien it streams into air or nitrogen. 
F. Fischer and E. Hone did not think that the result can be expLained by assuming 
that the mixing gas diflused into the arc flame because the watt-eonsumption in 
the arc remained constant in agreomeut with A. Grau and F. Russ’ experimenis. 
y. Ehrlich and F. Russ found that both nitric oxide and ozone are produced by the 
silent discharge in air at ordinary temp. The velocity of the reaclion between 
ozone and nitrogen at ordinary temp, is too slow to test t'xperimontally, but 
F. Fischer and E. llene argued that if the formation of nitric oxide is due to tlip 
primary formation of ozone, the reaction should become perceptible at elevated 
temp. They found : 

20 “ 880 “ 430 “ 610 * 700 “ 

Nitric oxide . . 0 00 0*02 0*02 0*04 0*00 par cent. 

No ozone was observed except at 20° ; and no nitric oxide was formed at 7U0 ’ with- 
out the discharge. They pointed out that the reaction 20^ 1 N2=2NO+2O2■^-250 
Cals, is exothermal. It was therefore assumed that in the high-tension aie the 
oxygen is dissociated to atoms, and outside the arc, the atoms unite with oxygen 
mols. to form ozone. The formation of nitric oxide is assumed to be preceded by 
the activation of the oxygen, but whether oxygen atoms act directly on the nitrogen 
is not known. It is further suggested that the yields of nitric oxide might be 
improved by passing oxygen instead of air through the arc, and then mixing it 
rapidly with nitrogen. A. Konig objected to F. Fischer and E. Hencs con- 
clusion that the mtrogen is not also activated, and believed that botli gasi^s arc 
simultaneously activaled. T. M. Lowry found that when air is passed through an 
ozonizer, or through a spark discharge, no nitrogen peroxide can be detected 
spectroscopically by a jirocess sensitive to 

first passed through the ozonizer and then through the spark discharge, or vice 
versa, nitrogen peroxide is formed. 0. Cramp anil B. Hoyle also found that the 
yidd of nitric oxide from the high-tension arc can be augmented by first ozonizing 
the air. T. M. Lowry also found nitrogen peroxide is formed by passing two 
currents of air through an ozonizer and spark discharge in parallel, and mixing the 
two currents. It was tlierefore assumed that the spark discharge produces a form 
of nitrogen which can be readily oxidized by ozone, but not by oxygen. The most 
advantageous method of oxidation is to produce the activated nitrogen in an atm. 
already charged with ozone ; a less efficient method is to pass the air containing 
activated nitrogen into the ozonizer ; and a still less efficient method is to mix 
air with activated nitrogen with ozonized air in a vessel a few feet away from the 
discharge apparatus. All this illustrates the instability of tbc activated nitrogen ; 
a few seconds of time suffice for its reversion to a form oxidizable neither by oxygen 
nor by ozone. R. J. Strutt’s active nitrogen did not give nitric oxide with ozone. 
The work of T. M. Lowry thus supports f. Haber and A. Kfinig's view that both 
oxygen and mtrogen are activated in the bigh-tonsion arc. 

Assuming the temp, of the arc to be 2^°, F. Haber calculated the minimum 
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ezpondiiate of energjr necessary to produce the conesponiling amount of nitric 
oxide by the assumption that the reaction is purely thermal. This energy is the 
electrical equivalent of the heat absorbed in the reaction N2+O2-2NO, plus the 
heat required to raise the temp, of the gases to the temp, of the reaction. The 
mean sp. ht. of the three gases concerned in the reaction is taken to be 6-84-O'OOO60 
rals. per mol, hence, |(6-8+0*0006 X 20OO)=2O,G0O cals, are needed per mol of nitric 
oxide ; assuming the heat of formation of a mol of nitric oxide at 2500*’ is 21,600 
cals. ; therefore 12,200 cals, are needed for the production of 30 grms. or one mol 
of nitric oxide. This is eq. to nearly 0*05 kilowatt-hours per mol. In practice, 
one k.w.h. or one kilowatt-hour, with a 2 per cent, conversion, is needed for 30 grms. 
of nitric oxide. Hence, the energy efficiency of the arc process is about 5 per cent. 
Part of this can be utilized for heating boilers, etc. Hence, the arc process is very 
wasteful of energy, and can be employed economically only where cheap electrical 
power is available. This is possible in some of the hydroelectric plants in Norway, 
Switzerland, Canada, United States, etc. Since a mol of nitric oxide, by a series of 
spoDtaneous reactions, ultimately furnishes 63 grms, of nitric acid, the efficiency of 
tlie process is often expressed in terms of the quantity of nitric acid obtained from 
the nitric oxide per unit of energy — say in grams per kilowatt-liour, or in kilograms 
per kilowatt year. The high-tension arc, burning in air across horizontal electrodes, 
funnslies a true flame, the air-flame. This flame was studied by A. McDnugall 
and F. IT. Howies, W. Muthmann and II. Holer, G. Brion, J. Erode, etc. The llamo 
has three zones : (i) a luminous bluish band of light joining the electrodes. Here 
the current is carried arross the air-gai), and, being heated ffirectly by the current, 
the tejup. is higher than in the other zones. Judging from the cone, of the nitric 
oxidr' in this zone, which J. Erode found to be about 8 per cent., the temp, is in 
tlio vicinity of 3700^. Surmounting the ozone is (ii) a broader bluish-green zone, 
and above this again is (iii) a feebly luminous brownish zone. The nitric oxide 
formed in the first zuuo here undergoes partial dissociation because higher cone, of 
i\m gas are obtained if this zone be cooled rapidly ; some ozone is also decomposed 
111 this zone. II the arc is formed in nitrogen gas, a single blue band is formed 
corresponding with the first zone of the air-flame ; while the flame in oxygen gives 
zones corresponding with the first and second zones of the air-flamc. Ozone 
was detected in this zone. Hence, the second zone in the oxygen- and air-flames, 
under cuuditious where it is absent in the nitrogen- or hydrogen-flame, is taken 
to prove that this is a zone of decomposing ozone. H. B. Muses obtained a sudden 
chilling of the gases and a ooriespondingly high yield by forming the aic over liquid 
nitrogen. 

When the temp, of nitric oxide falls below 620*’, ii begins to oxidize, forming 
nitrogen peroxide : 2N0+02#2N02, and below 140^, the reaction is complete — 
vide the dissociation of nitrogen peroxide, and nitric oxide. The nitrogen peroxide 
is absorbed by water giving a mixture of nitrous and nitric acids : 2NO2+TJ2O 
— UNO3-I-HNO2 ; the nitrous acid is unstable under ordinary conditions, and 
decomposes : 3UN02=HN0s-|-H20-)-2N0 ; the nitric oxide is oxidized, forming 
mure nitrogen peroxide, and thus the reaction goes on until all is converted into 
nitric acid ; 4NU2+02+2H20=4HN02, in the presence of an excess of water. 
The nitric acid which results is therefore in dil. soln.-^vide action of water and 
alkali-lye on nitrogen peroxide. With soln. of alkali hydroxide, at ordinary temp, 
and press., nitrogen peroxide forms a mixture of alkali nitrite and nitrate : 
2Na0H+2NO2=NaNO3+NaNO2 f H2O. A mixture of equimolar proportions of 
nitric oxide and nitrogen peroxide behaves towards a soln. of alkali-lye as if it were 
nitrous anhydride, and produces alkali nitrite alone ; N02+IT0-f2Na0H=H20 
H-2NaN02. Hence, by choosing the right temp, for 2N0+02^2N02, it is possible 
to prepare alkali nitrite (;.v.) alone from the oxidation products of nitrogen. 
£. D. McCollum and F. Daniels absorbed the nitrogen peroxide produced by means 
of silica gel. 

A number of furnaces have been devised for the oxidation of nitrogen in the 
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rlectric arc. TLeie is E. Birkeland and B. Eyde's liuiiaGe ^ in use at Frognerikclm, 
Ankcrlokkcn, Notuddcni Svaelgfos, Lienfos, and Rjiikau, in Norway— hence often 
alluded to as the Norwegian process— and at Soulom, Pyrenees ; J. von Kowalsky 
and I. Museicky's furnace in use at Chippis in Switzerland ; 0. Srhoiiherr's furnace 
used at Christ iansand, and Saahcim, in Norway, and also in Germany ; and Jl. Paul- 
ing’s furnace, in use at Fatsel, Innsbnick ; Gelsenkirchen, Westphalia ; Muldi‘r- 
steui, Saxony ; Knche de lUme, France ; LegnauD, Milan ; Nitrolce, U.S.A. ; 
E. K. Scott's, r. A. Guye’s, and J. 8. Island's funiares have not yet passed 
the experimental stages. Many others have been patented, but have not succ eeded 
in making their way. 

In K.Birkeland and S.Eyde^S fomace^the arc between the electrodes is main- 
taiiicd by an alternating current of about 5000 volts and 50 periods per scf'ond, 
and lb spread hy a strong magnetic field into two semicirt ular dibcb ol flame at right 
angles to the axis of the electrodes. The sheets of lUinc alteinately nse and 
break with great rajndily in the upper and lower half of the rcaitiou ihainbcr. 
The iin])rebsir)n on the eye is that of a steady cireul.ir sheet of llaiiie about PB 
ineties in diameter. The electric flame is produced in a flat box of relrartury 

material which does not attain a temp of UX)0^ tiud 
is surrouiuled by an iron shell. The refiactury lasts 
from 4 to 6 months. The walls of the retract ory 
material, Kig. 60, are pei {oral eiJ with bin.ill openings 
through which air enters the reaction chain her, and 
impinges on the flame. The uii was fnimiTl> forced 
through the furnace; it is now asjiuated into Ihc 
furnace. A penjjheral ihaiiii(‘l in the iiMcbnm 
chandler allows the products of the coiubiibtioii to 
be earned away. The bevclkd poles of the eleetro- 
inagiiel are imbedded in the lining nf llie furuacF;; 
the coils of the eleolronuignft aie just outside the 
iron shell ; and the magm‘t ib fed b\ a direct lurrimt. 
The elcctiodcb arc U-shaped eopper tubes, cook d by 
a rapid current of water pasbiiig through Ihiia. 
They are replaced about every 5 weeks. Tin* temp, 
of the flame is cbtiniated to be , aud 

the temp, of the cbcaping gabcb is 800^-lL)00\ They 
then pass from the furnace mto boileis umsI for sLeaiu- 
raising ; aud are then led at about 250° to cooling chambers where the temp, is 
reduced to about 50^. The gases pass from the coolers to the absorption towers— 
usually 3 or 4. These towers are made of Norwegian granite ; they are about 

23 metres high, ami are filled w'lth pieces of ijuartz. 
The gsbcs ent(*r at the bottom of the first tower and 
nltemalely top and bottom of siiLCceding towers. 
Dil. mtiic arid trickles down the first two or three 
towers, and water down the last one. The acid 
from the first tower is the most cone, being about 
30 per cent HNOg, and that token from the three 
succeeding towers is respectively 20, 10, aud 5 per 
cent. The acid is transf cried from one tower to the 
preceding one of the scries. The gas from the 
fourth tower enters a similar absorption tower 
through which a soln. of sodium carbonate contain- 
ing 2 per cent, sodium hydroxide percolates. Sodium nitrate and nitrite are 
formed. The plan of the plant is illustrated by Fig. 62. 

TliB acid may be concentrated by evaporation in epecial towors ; or it may be converted 
into calcium mtrate by passing it over limestone. The soln of calrunn lutrato jh evaporal eel 
until It contains about 13 per cent, of available nitrogen when it is solidified rapidly by 
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Fio. 61. — ^K. Birkeland and 
H. Eyde's Kumoce (Diagram- 
matic representation of the 
semicircular orrs). 



)/bk^ of magnet 
Fia. (jO -K Djikclaiid and 
S Kydcfl Fiiinaio (Lonpi- 
liidnia] mtion bliowuig 
eloctroiuaRiH^ts and rraction 
rliamber). 
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pastoge over cooled rollers. The calcium xiitrate or rather hsab calcium nitrate haa 
called Noruf^gian galtpetn, Ume-aaltpiUn, and Vaxots calcaire. The soln. of sodium 
nitrate and lutrale may be 
evaporalod and sold for use 
in making Bulphiirio arid, or 
the nitnte may 1>o obtained 
m iT\Blal 0 for use in dye- 
makmg. Tlio problems con- 
iici'tod with Iho absorption 
lowers havo been disoussed 
bv F, l'\jrflt nr and ro-workers, 

X. A. Hall and co<workore» 

G, N. l^wis and A. Edgar, 

J. K. PortingUin and 
Ji. Tl. I’nrkpr, W. U. Si'Jia- 
poahnikofT, E. S. Burdick 
and L. Freed. G. Lungo 
Hod K. B(tI. M Bodonstem, 

K. K. Hidenl, 0. W. 'J’odd, 

AI. Osaald, etc. Modilica- 
Ik ns Imvo liern doviyed by 
l>. MrmlcT ond ro-'o orknrs, 

A. -Naiille and T. A. and ( . E. Gn>o, A. Schlosiiiij:, I Mosfiokv, F Brrgiiie, O Kneels 
and F Dune, iirt Norsk Hydrorlektrisk KuaeJstofiiktiesolbkiib, etc. 
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02 — ^Diagrammatic riaii of Plant for tho Fixation 
ut Nitrogen by Oxidation. 


In J. von Eowalsky and LMoscicky’s lamaoe, tlio reaction chamber ip water^ 
c(»oh^d, and the arc revuh es under the influence of a powerful magnetic held, P'lg. 63, 



Fia 63 — Diagrammatic Representation of 
J. Von Kowalsky and I. Moseicky's Furnace 



with the lines of force parallel to the common axis of the electrodes. The revolving 
arc practically fills the working spare between the electrodes. In the diagrammatic 
representation, Fig. 63, the air enters at A ; and fiows past the arc B into the cooled 
chamber, C, and passes through D on to tho absorption towers. The arc is main- 
tained between the high potential electrode, E, and the earthed neck of the furnace 
E . As shown in the diagram, some air can enter the chamber without passing 
through tho arc ; this is considered to be a source of weakness. 

In 0. Schonheir’s tamaoet a long slender arc is developed in the axis of an iron 
tube through which a current of air is forced. The arc is established by imparting 
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Fig. 65 . — Jha E]or.trodBfl 
and Arc of H. Pauling's 
Furnaca 


a w hirling motiou to the air. The arc is struck by touching the iron electrode 
6 against the inner tube. The air enters at A, and passes upwards between the 
steel tubes P and 0, and then downwards between Q and P, The air is thereby 
pre-heated before it enters the hot reaction chambei through the opening K arranged 
tangentially so as to give a whirling motion to the upward current of air in the 
reaction chamber C, The upper part of this chamber C is cooled by the water- 
jacket F. The reaction chamber C serves as one electrode, the other electrode 6 
is water-cooled, and insulated from the furnace. The nitrous gases pass out of 
the reaction chauibet via the annular space which separates the tube P from the 
refractory lining, and from D to the absorption towers. 
The process was discussed by F. Kodera and co-workers. 

In H. Fauling^S hunace, the arc is formed between 
hollow, cast-iron, or, as recommended by E. Rossi, water- 
cooled electrodes bent in the form of two horns JSB, 
Fig. 65 ; and an arc is struck by means of the kindling 
blades ee. The air-blast from A forces the arc upward 
and fan-wise along the inclined electrodes when it is extin- 
guished, and a new arc follows at every half cycle of 
the alternating current. The arc often attains a height 
of three feet, the preheated air enters the reaction 
chamber via A, Fig. 66, and the products of combustion 
leave that chamber via P. One furnace with two arCvS in scries is placed in each 
leg of a three-phase current supply. There is an arrangement for momentarily 
supplying the special current necessary for kindling the 
arc. 

In E. E. Scott’s furnace, three horn-shaped electrodes 
are set at an angle of 180*^, and with sides inclined towards 
each other at ar. angle of 30“ from the vertical, and with 
intermediate refractory material, «o as to form a six-sided 
conical space with its apex at the bottom. A blast of 
air is projected through the space where the electrodes 
converge, and bafflers are placed to force it to jiasa through 
the arc. With a S-phose current of 60 periods, a combined 
arc of 360 scparaic flames per second is flared out by the 
air current. A tubular boiler placed directly above the 
arc cools the escaping gases from about 1000“ to about 
250°, and utilizes the wast/C-heat. In J. S. Island’s 
fumaoe, there is a circular revolving electrode moving 
within a fixed annulus which forms the other electrode ; 
the air enters the annules, passes through the arc ; then 
into cooling coils, and thence to the absorption chambers. 



Fm. 68. — ^Vertical and 
Horizontal Sections of 
H. Pauling's Furnace. 


Suimnahes of the patent literature or bibliographi'ca have 
been made by R. li. Hosmor ' and S. C. Sturiiz. Many others 
have written on the subject.'' There are also a number of 
brochures or books on the subject : P. Vageler, Vie Bindung ties atnuisphdrischm Slich- 
/ftoffa in Naiur und Technik, Braunschweig, 1908 ; £. Donath, Die technwche Amnutzung 
des atmospharigchw Stickstoffes, Leipzig, 1007 ; F. von Lepel, Vic Bindung den 
atmospharischm Stickaioffea inabesondtre dwch elehriache EfUladungen, Greisswald, 1903; 
W, Schiieidewind, Die StickatoffquvUen und die Stickstojfdgngung, Berlin, 1908; Weitere 
Verauche lAer die Wirkung verachiedener ^tickatoffjonnm aua den Jahren 1908-1911, 
Berlin, 1.912 ; A. Kunig, Ueberdie Oxydation dea Btickaioffea imgekHhUenhocJuipannungahogm 
hd Mindfrdruck, Halle, 1908; K. W. Jurisoh, Btdpeter und aein Ersatz, Leipzig, 1908; 
R. Huber, Zvr Stickalofffrage, Bern, 1908 : Q. Brion, Luftaalpetcr aeine. Gtwinnung dutch 
den ekktriachen Fhmmenbogen, Berlin, 1912 ; T. Pfeiffer, Stivkatoffaammelnde Bakterien, 
Berlin, 1912 ; A. X'ortick, Die Luftatickatoff Industrie in ihrer volkawirihsefMftlivIien 
Bede/ulung, Leipzig, 1913; J. Knox, Fixalim aj Atmoapherie NUrogen, Ijondon, 1914; 
J. R. Partington and L. H. Parker, The Nitrogen Induahy, London, 1922 ; T. H. Norton, 
Utilization of Nitrogen, Wasliington, 1912; P. H. S. Kempton, Induatrial Nitrogen, 
London, 1922; W. Niiranen, Ueber die analyliache Beaiimmng von Stickeloffox^m 
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md die der UMmeirhi/ngigufi^ Ivi der SHekitoJfBvtfhrmhmg in der ffodk- 

spimnmgBflamne^ T^ipzigi 1907; P. A. Ckiye, La fixation de Vaxote et VUeciroehirfiMt 
paria, J9UG; J. C. de lluijter de Wildt, Wwenachaftlich^ BeUraga mr LitenOur ; 
I. KoUoido^ Ldaungm, TL Biohgischt und Bindwng daa atmotphSrintdim 

i^tickaoffaf Ahenen, 1006 ; 0. ScLouor, Bechmhes sur la priparation de oxydfs d*azot6 au 
tnoj/pn de dichargea d hcwte tension, G&d, 1905; B. Waeaeri Die lAiflstickstoJfindustriit 
Leipzig, 1022 ; London, ] 926. 

The entnuoing ol nitroKen during oiidatiuiu in aii.— M. Laroche ^ obseivod 
that no nitric acid is formed when a mixture of nitrogen and oxygenj confined over 
pnlash-lyo and mercury, is exposed to 60 atm. press. F. Kuhlmaim detected no 
nitric arid in a mixture of oxygen and nitrogen which had been passed through a 
Tcd-hot tube, alone or in presence of platinum or platinum-black, or in moist or dry 
manganese dioxide. H. Davy, however, obtained nitric acid when a platinum wire 
is heated electricully to its m.p. in a mixture of nitrogen, oxygen, and hydrogen ; 
F. Haber and J. E. Coates, and F. Fischer and H. Marx observed the formation 
nf nitric oxide at white-hot surfaces in air; and the Wcskdcutschc Thomas- 
phos])hat werko proposed to make nitrogen peroxide by passing air and steam through 
a t hiii-walled porcelain tube at 1600*'. The diffusion of the hydrogen so formed was 
lia/bteiicd by raising the internal press, of the gases, and lowering tlic press, nf those 
cjiilsidc. K. Eoshi observed that some nitric acid was formed when a Nernst’s 
filanicni is heated in air. J. Priestley, A. B. Foureroy, A. Segiiiu, L. N. Vauquelin, 
and H. Cavendish noted that the water, fonneJ by the combustion of hydrogen in 
oxygen mingled with nitrogen, sometimes contained nitiic or nitrous acid. The 
Preiieh cliemisls c oiisulered that slow combustion was the only means ul preventing 
the devolopmenl of the acid. II. Cavendish, however, showed that when the com- 
bust ion was ra]>i(l, say by detonation, the water was free from arid, and that nitric 
acid w.is formed when the oxygen j)Tcdomiiut(Ml. N. T. do Sanssure said that the 
freed fmi from nitric acid in the former case is only apparcul because ammonia is 
simultaneously formed and this lieuiralizes the acid. A. AVotokitin obtained 
practically no oxidation during tbo combustion of hydrogen in air at ordinary press., 
but at 20 atin. proas., 0*3 iiiul of nitric oxide was formed per lUO mols of water. 
U. Tominaga ohserved that tho oxyhydiogeu flame is not to be regarded as a inera 
source of luat boenuso the water vapour is dissociated, forming nitric oxide. By 
passing a mixture of hydrogen (l-8-0*0 parts) and nitrogen (one i)arl) at press, 
up U) 30 atm. on to an oxyhydiogon flame witli a porcelain jet, approximately equal 
parts of ammonia and nitnc oxide were formeil. Ammonium nitrate is produced 
when a stream of hydrogen or hydrocarbon is buint slowly in air, and the condensed 
water spontanoonsly evaporated. 11. Bunsen also noticed tlie formation of nitrogen 
oxides when electrolytic gas is exploded with air, and K. Finckh measured the 
pro})orLiun of nitnc oxide formed when different proportions of electrolytic gas and 
air arc exploded— vide 1« 3, 7 ; and M. Berthelot determined the amount formed 
when the gases are burnt at different press, in a bomb calorimeter. E. A. Grcte 
and P. ZoUer, L, I. de Nagy Ilosva, W. Ilempcl, J. Pintsch, H. Kolbe, and A. W. Hof- 
mann also noted that during the combustion of hydrogen in air, a little nitrogen is 
entrapped so to s])cak, during the oxidation, and some nitric acid is formed. 

B. Nagihin found that nitric acid is formed in the flame of an ordinary laboratory 
gas burner. A similar result was obtained by H. B. Jones, E. Bottger, 
A. Figuicr, A. von Bibra, J. D. Bueke, A. W. Hofmann, A. E. Leeds, G. Dciren, 

C, Wurster, B. Cramer, J. Pintsch, and L. T. Wright, during the combustion of 
coal gas in air ; in the combustion of alcohol, wax, coal-gas, and other organic 
compounds in air ; F. Haber and J. E. Coates, in the combustion of carbon monoxide, 
ethylene, and hydrogen ; L. T. Wright, in the combustion of ammonia in air ; and 
M. Berthelot, and F. C. A. Btohmann, during the combustion of nitrogenous sub- 
stances. 

In 167B, J. P. Eiekman described an apparatus for the oxidation of 
nitrogen by beating a mixture of coke and a fixed base in contact with air. L. ITack- 
spill and A. Condei observed nitric acid was formed in the manufacture of carbon 
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dioxide during the oombustion of coke, containing nitrogen ; and F. HfiuBacr, and 
W. A. Bono and co-workers, during the combustion of carbon monoxide under 
high press, in the preaeuce of nitrogen. H. A. Humphrey devised an apparatus 
for exploding under press, an cxplobive mixture of gases containing oxygen and 
nitrogen under conditions to give the best yields of nitric oxide. The subject was 
also discussed by F. Halisser, and C. J. Goodwin. 0. Brunier entrapped nitrogen 
as oxide by burning oil or gas fuel under water or lime-water. M. Berthdot, and 
W. Ucmpel observed the formation of nitric acid during the combustion of carbon, 
or sulphur in oxygen with 8 per cent, of nitrogen contained in a calorimeter bomb, 
but was formed in the combustion of iron or zinc ; bnt L. I. de Nagy Busva obtained 
nitrous oxide by using iron at 190'^-2r)0‘^. 11. Kammeror, and A. Miintz and 
E. Aubin observed nitric acid was formed during the combustion of magnesium in 
air ; and J. F. Heller, A. R. Leeds, C. F. Schoubcin, and M. Zabelin observed its 
formation during the slow oxidation of phosphorus ; and M. Borthelot, when ether 
is exposed to light and air. F. Iluusscr devised a process for making nitric acid by 
detonating ordinary eoal gas, nr coke- oven gas mixed with an excess of air, or air 
enriched with oxygon, in a bomb under prc.ss.— say 5 atm. The gases are cooled 
rapidly after the ex])Io.sioii, and the ( prr cent, of nitric oxide formed recovered 
from the products by a train of absorption towers. The apparatus is continuous, 
fifteen cxplijvioiis Ijciug priuluced per minute. Modifications wore suggested by 
J. Gtirlingor, If. Noh, and II. Woll. 0. Dolibelstein studied the costs when coke- 
ovoii gas is employed. 0. Bender proposed to burn the natural gas of Transylvania 
under press, in modified Bunsen’s burners, and to recover the nitric oxide from the 
products of combustion. F. Gerhardt observed the production of nitrir oxide in the 
combustion of the gases in gas-engines. 

W. T, David and co-workcrH showed that ultra-red radiation hastens the com- 
bustion of iriixiures of carbon monoxide or ethane and air or oxygen provided that 
the radiation is of a kind which is absorbed by the combustible gas, or nitrogen is 
present as a constituent of the inflanimablc mixture. The sympathetic oxidation 
of nitrogen which occurs indicates that nitrogen plays some part in the process nf 
combustion. W. T. Da\ id and co-workcrs assume that during the combustion there 
is some kind of teijipoiary associotion or interplay between the nitrogen molecules 
and those of the combustible gas which tends to retard combustion ; and that the 
association is to some ext(‘nt inhibited when thcmulenilcs of the combustible gas 
acquire vibratory energy liy the absorption of the ultra-red radiation, with a con- 
sequent increase in the rate of combustion. 
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§ 33. Nitroiren Oxides- Nitrons Oxide or Hyponitrons Oxide 


Them me (n i" *»xi(li‘s of nitrogen. Tbn*e of theso by coiniioailion can lu roft-irded 
as anh} (iruli\N of auiiN. Tlius : 


Nilioiih uMil') . • . ATjO 

Nitrie oxiJn , , . .NO 

Nitrogen tiiOMfU* . . . NjO, 

Nitrogen pLTOMilr oi tttioxiJe NOitNjOJ 
Nitrog'^n pontr>\iflc . , NJij 


(IlyponilrouH arid . 

( N It roll}' [l n)\> latiurii e h r i li 
Nitiousiuid , 

Kiliiuadi • • 


ir.N 0,) 

JIM)^ 

llNOj 


NyO is burnfliini's called nilrognt ntonoiide ; NO, nitrogrn dioiidc : vtlnuirn 

irtoxfdr; N^O^, niltogrn ictroxidc; and N^Oq, n^lrwjm jmtifuidv. If so. NOj, Iho 
allutrnj)ic form of Nu04, eaiiiiot hr calh-fl iiilrogin dioxid<‘. It js douhlful if 
Iiyp<mitro%tti md is the acid of nitrouH nxidr n^gariied as an anhydride ; and still 
more doubtful i( ntYro/M/rfro////aminic add — vidt supra — is ibr acid of nitnc oxide 
regarded as an anh3nlridi\ So far a.s inerp composition goes, howovrr, a. mol of 
thcbo oxidoH ])las a mol of waioT furuiblu'S the acids in quostion. Ilypoiiitrous acid 
is an isomer of inltamide. nr niiroryl amtde. The individuality of liiglier oxides or 
acids is ]iot mi wi*I1 chlahlNlii'd. 

V. llauiidruilh' aiifl J. (Iiappius ^ found that the silent elnctricai discharge in 
a mixture of oxygtm and nitrogim at a low press, does not form ozone; but 
M. Lerlhelut, and Llautefcuille and J . CTmppius observed that a spark or powerful 
Bilent iliscLaigc jirudiuM^s t/ne ocide permirique, which is decomposed into nitrous 
or iiitTLC acid by the attendant rise of temp. Consequently, the ozone produced by 
the action of the clectiic discharge on dry air is mixed with piTiiitric acid. The 
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formation of the latter componnd is limited, like that of osone, and the maxizniim 
corioBponding with a given temp, may be dctcrminod from the diminution of press. 
Moreover, when the maximum is reached, the pernitric acid undergoes periodic 
retrogradation and re-formation as already observed in the case of ozone. This 
decomposition of the pemiiric acid into oxygen and nitric acid also causes the dccom- 
l>osition of the admixed ozone, even at press, above 100 mm., although ozone un- 
mixed with pcrnitric acid docs not undergo retrogradation at these press. This 
result is probably due to the development of heat accompanying the decomposition 
nf the pemitrie acid. At ordinary press, in presence of certain proportions of 
nitric acid, the ozone and i)emitric acid ar<3 not re-fomied, but under low prf'ss. they 
are again produced. The amount of pemitrie acid formed depends more on the 
teniip. than on the relative proportions of oxygen and nitrogrm ; and to obtaiu a 
good yield the operation should be conducted at a low teni]). The maximum 
quHiitity produced at 15*^ under a press, of GOO mm. is about 30 per cimt. by weight. 
The formation and decomposition of the pcrnitric arid may be traced with the aid 
of the sppclToscopo. The absorjiiion spectrum observed by J. Uhappius is cha- 
racterized by fine lines in the rod, orange, and green ; the most- characteristic ones 
correspoml with wave-lengths 6G80-6050, and 0280-0250. Water or a trace of 
TiLoisture immediately causes the spectrum to disappear, unil the substance is there- 
fore an anhydrous compound eapable of forming an arid. The mixture of ozone and 
the new substance is changed by heat, yielding nitrie acid. At orrlinary temp, 
the f hange is slow, and a period of from 24 to 4tS hrs. occurs aftei tlic disapjiearanco 
of the dark lines of the new substance, before those of the intric acid make 
llu'ir ajjpearance. On cooling a mixture of oxygen, nitrogen, and ozone charged 
uith the vapouis of jieruitric acid to —23'', a Mnall quantity of a highly volatile 
erjstalline pow(h‘r is rondensed, |)ut cannot be isolated. An indirect analysis 
gin i‘ for tlie uJtiiriiilc compositinn : NO 3 , or whieh L. Sjai'gel represented by 
the grajihic formula ^U2.0.0.N02~]iitrogen hexoxide. E. Waibnrg uud 
( 1 . Leith.iuser obtained an analogous product by the action on ozom^ of nitrous gases. 
F. lliischig assumed that an unstable mixture of nitrogen hexuxide and nitrogen 
hciilo.xiile is formed when nitric oxide acts on a large excess of oxygen. This couhl 
lint be isolated. According to I). Jlelbig, when a series of electrical (liH’liarges is 
Hi'ni through liquid air, a ilocculent, unstable, gremibh substunee formed which 
deLom]inBes in air at a low temp, giving olf reddish vapours. The doenniposition 
is sometimes explosive. The composition corresiionJs with that of nitrogen 
he.iLnxide. When siLspunded in the excess of liquid air, nitiogiui hexoxiile bears 
a strong resemblance to preeipitaled chromic hydroxide, but when the air 
lias been removed by evajioralirm under reduced press, it forms a slightly blue, 
amorphous powder. It melts at —111", and at the same time asbiimes a deep 
azure colour, which persists after the liquid has been resolidified by iniincrs-iou m 
liquid air. The fused oxide Jeeomposch, yielding nitric oxide, which is also evolved 
when the liquid is jdaecil m a vacuum. F. Rasehig obtaini'd green Hocks of what 
lie considered to be the same compound by passing dry nitric oxide into liquid 
oxygen, and allowing the excess of oxygen to evajiorate. E. JJIulhT showed that 
neither the composition nor the m.p. is constant, and inferred that tlic green sub- 
stance is a mixture. The colour may be exactly imitated by dijiping a fest-fubo 
containing liquid air in liquid nitrogen trioxide, and, after a frozm layer Ikis been 
formed, in liquid nitrogen letroxido. The two layers nf blue and yellow give a 
green which is exactly like that of the supposed hexoxide. According to 
R. L. Hasche, the green solid obtained by bubbling nitric oxide through liquid 
oxygen, or by the action of air on solid nitric oxide at the temp, of liquid oxygim, is 
a nitrosonitiogen trioxide, (N304)„. It decomposed above tlic b.p. of oxygen to 
the blue oxide, N^Og, of D. llelbig. P. Raschig's foimula is considered not to bo 
correct. Assuming, because of its instability and its instantaneous formation, that 
the green oxide is a peroxide of polymerized nitric oxide, its formation may bo 
explained as follows : 0.0+2(N0,N0.N; 0)-»0:N.NO.O.O.NO.NO.N : 0. The 
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phonoiuNia observed in the oxidation of nitric oxide may be explained by 
tbc assumption of similar intermediate compounds, ois., at higher temp., 
0 : N.NO.O.O.NO.N : 0 , formed by the oxidation of (NU)2, and, in the gaseous 
stale, 0 : N.O.O.N : 0 , formed by the oxidation of NO. 

By trratiug soln. of the alkali nitrates with sodium dioxide, E. Pincrua-AIvarez 
claimed to have made alkali salts of true pemitric acid, HNO4. Thus, 160 grms. 
of sodium dioxide were gradually added to a well-cooled soln. of 100 grms. 
of potassium nitrate in 200 c.c. of water, and 1200 gnu.<^. of alcohol. An 
amorphous precipitate of potassiiim pemitrate, KNO4, was obtained on adding 
1200 grms, of alcohol, and rapidly filtering: KN03+NajO2+ll20“KNO4+2HaOH. 
More pemitrate was removed by evaporating the filtrate. The salt is decomposed 
by water or acids producing hydrogen dioxide or oxygen. ¥. Raschig reported 
pemitric acid to be formed by the interaction of nitrogen peroxide and hydrogen 
dioxide. J. Schmidlin and P. Massini found that the product did not oxidize 
manganous salts, and they therefore suggested that it is not a true per-aeid, but 
ratbet nitrous hydiopetox^de. 1 . Tritonoii obtained peinitrie acid by the action of 
hydrogen dioxide on an acidified siib. of a nitrite. Above 70 °, the product decom* 
poses rapidly; it liberates broniiiio from ]>otaBsiuni bromide, The formula is 
repre-sontod by NO2.O.O.NO3 plus »ill20 ; and the reaction by wliirli it is formed, 
by 2HN02+3Hn02H (w— J)H20- N2O0.«ll2O+3H2C). Aniline, bciizcne, toluene, 
xylene, and the aliphatic hydrocarbons are coloured yidluw by jiernitric acid. 
F. Poliak established the formation of pemitric acid from nibric acid and hydrogtMi 
dioxide in the presence of potassium bromide. At 15 °, the initial \eloiity of 
bromine separation is proportional to the fiibt power of the nitric arid cone, and the 
potassium bromide cone. The exiionent for the hydrogen dioxide, however, is 
approximately 0'8U. Difierent reactions are found to predominate if the same 
relative (quantities of reactants are present, but the total cone, is different. The 
influence of light is also a disturbing factor. Vide silver peroxyuitrate, 8. 22, 23 , 
for the possible formation of a silver pemitrate during the electrolysis of an aq. soln. 
of silver nitrate. £. Mulder and J. Heringa suggested that silver pcroxyuiirate, 
3Ag202-AgN0g (j.v.), is possibly a salt of hypn nitric acid, HNO5, or li0*N04, 
i.e, of the auhyilndo, nitrogen mneaozidc, N20g ; 

K-OH 

Ug Ug Ug 

HyppriiUrIc arid. d Funrauaiilb. 

E. F. Alvarez ^ found that the pemitrates react with solu of lead acetate (white 
precipitate), silver nitrate (white precipitate), mercurous nitrate (white precipitate 
with rapid decompositiou), mercuric chloride (red precipitate), coj>per sulphate 
(blue precipitate), zinc and cadmium sulphates (white precipitate), bismuth nitrate 
(white precipitate), gold chloride (slight efl’ervescence and escape of oxygen), 
manganous chloride (pink precipitate), nickelous chloride or sulphate (greenish- 
white precipitate), cobaltous nitrate and chloride (pink precipitate) , ferrous sulphate 
(green or bluish-green precipitate), ferric chloride (red ferric hydroxide), and alkaline 
earth chlorides (white precipitates). The precipitates are all pcr-salis of the bases 
in question. 

In 1772 , J. Priestley ^ compared the action of fixr^d air (carbon dioxide) and of 
nitrous air (nitric oxide) on moist iron, and observiMJ no sensible change with the 
former gas, but the latter gas was “ transformed into a species of air in which a 
candle burned quite naturally, and freely, and which is yet in the highest degree 
noxious to animals insomuch that they die the moment they are put into it ; 
whereas, in general, animals live with very little sensible inconvenience in air in 
which candles have burned out.” He later showed that the candle bums in the new 
gas with an enlarged flame ; and that whereas if liver of sulphur be substituted 
for iron, the conversion of the nitric oxide to the new gas is shortened from 6 to 8 
weeks to 24 his. — especially if the liver of sulphur be kept wann. He also found 
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that the some gas ia formed when zinc or tin is disBohed in spirit of nitre (nitric 
acid). He called the new gas depNogisticcUed nitrous air ; it is now known as 
nitrons ozidef NgO. In 1793, J. 11. Heiman and co-workers prepared this gas by 
heating ammonium nitrate, and showed that it is a lower oxide of nitrogen than 
nitric oxide. In 1800, II. Davy made an extonsivo investigation on the gas and 
discovered its intoxicating qualities, from which it obtained its name laughing gas. 
The preparation ol nitrons oxide.— Nitrous oxide is not easily formed by direct 
union of oxygen and nitrogen. M. Berthelot and H. Guadeclion obtain^ none 
under the influence of ultra-violet light. E. Warburg and Q. Lcithauscr found that 
when a mixture of oxygen and nitrogen is passed through an ozonizing tube, nitrous 
oxide, and nitrogen pentoxide are formed ; if the mixed gas is sparked between 
platinum electrodes, nitrous oxide and nitrogen peroxide are formed ; and when 
exposed to the alternating arc of high tension, nitric oxide and nitrogen peroxide 
are formed. According to D. L. Chapman and co-workcrs, nitrous oxide ia slowly 
fumied when an electric discharge is passed through nitrogen at a low press, in a 
quartz tube into the walls of which oxygen liaa previously been driven by means of 
the discharge. (1. Matignon argued from thermodynamical considerations that the 
]Uoil notion of nitrous oxide ought to be possible by the direct union of oxygen and 
nitrogen at 3000° and 3000 atm. Unless the gas was rapidly removed from the 
hot zoiu' and cooled, the yiclrl would be only 0-1 per cent. According to R. Pictet, 
and K. A. Soderman, the nitrogen-oxygen flame produced electrically or by other 
jueaus shows sp(*ctroscopical1y that nitrous oxide is present in some parts ; and by 
rapid cooling, it is jiussible to obtain a 25 per cent, yield — vide supra, the fixation of 
nitrogen. 

Nitrous oxide ia commonly made by the process of J. R. Deiman and co-workers, 
IV?., by lieating anliydrous, neutral ammonium nitrate to 170" -200®. The gas 
tan be ccdlectcd over water, briue, or mi‘reury. The ammonium nitrate used 
sliould be free from cblorine. According to E. Thilo, moat of the commercial 
aminouhini nitrate is not sufiicieutly purified for use in making the gas. Any 
nitric oxide which might be formed can be removed by passing the gas through a 
soln. of ferrous sulphalo. P. Cazeneuve said that the gas may retain an irritating 
odour even after its passage through a soln, of ferrous sulphate, and of sodium 
bj'droxide. He attributed tliis to the presence of a little hyponitrous acid, and it 
was removed by shaking the gas several times with a soln. of ferrous sulphate, or 
allowing it to Mand 24 hrs. in a gas-holder. P. Villard said that nitrous oxide of a 
very liigli degree of punty is f)btained by converting the gas first into the hydrate, 
and then allowing the hydrate to ilecompose. P. Cazeneuve explained the explosion 
which sometimes take ]daee in the preparation of the gas hy the fact that the 
df'composilion of aiuiiionium iiitiato ia an exothenuic reaction, and that the large 
rpiautity of hi^at thus liberated added to that directly applied, is capable of causing 
the sudden decomposition of the whole mass of the salt. The process is often slow 
in beginning on account of the conlainnd moisture, and hence the operator is apt 
to apply umlue heat at first. Therefore, the salt should previously be dried in a 
ciipsuie at a tern]), below 2(X)", and the retort should be heated slowly until the 
rliseiigagemeiit of gas begins, when only a very gentle heat will bo required, and 
the operation should not bo pushed ioo far towards the end. V. 11. Voley has 
studied the way the salt decomjioscs when heated — vide 2. 2U, 38. According to 
A. P. LidoJT, the gas as usually prepared contains ap})rcciabio quantities of 
nitrogen, nitric oxide, and other impurities, and he recommended the following 
process : 

A tube of difficultly funible glass, sealed at one and, is filled with a mixture of 3 ports 
of dry sen-Muid and 2 parts nf ammonium nitrate dried ot 105^, which is kept in pot^ition 
by an osbostos plug ; tlie end of the tube is cloeod by a cork through which passes a delivery 
inho with a tap. A small aluimiiium box, fitted with a thurmomoter and serving as on 
air-bath, is arrangi^d to slide along tlie tube. The best tomp. to employ is 260”-2Hj°, and 
the buck end of tJio tulie is first heaiod ; when oU the air lias been expelled from tho tulN% 
tno gas is possod, lint through aqueous ferrous sulpliato or alkaline sodium sulphide bolu., 

\ 0 L.vm, 2 c 
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ind then through an omukion of dry foiroui milphate in oono. lulphuiio odd ; it k than 
pure and dry. 

V. H. Veley found that tho reaction is accelerated by inert BubstanoeB like ground- 
glass, pumice, silica, barium sulphate, graphite. F. Grouvelle used a mixture of 
pota^um nitrate and ammonium cUoiide (3 : 1) in place of ammonium nitrate. 
According to A. M, Pleischl, the product is a mixture of chlorine, nitrogen, and 
nitric oxide with a little nitrous oxide, but E. Boubeiran said no nitrous oxide is 
thus produced. W. Bmith and W. Elmore patented a mixture of dried commercial 
sodium nitrate, potassium nitrate, and ammonium sulphate (17 : 20 : 13-14), which 
yidds nitrous oxide when heated to about 230^ for the greater part of the reaction, 
and finishing at 300°. The apparatus should be arranged so that the condensed 
water does not drip back into the retort. The gas should be washed in a dil, acid, 
and diL alkali-lye. W. Smith found that in this reaction, as the temp, 
rises ammonia is first evolved : (NHi)2B04 - NHb-|-(NH 4)HS04, the ammonium 
hydrosulphate begins to react with the so^um nitrate — ^possibly forming NH4NaS04 
and HNOs ; but this change proceeds slowly, and the ammonia reacts with the 
liberated nitric acid, forming ammonium nitrate. At about 240°, tho ammonium 
sodium sulphate reacts with sodium nitrate, forming sodium sulphate and ammonium 
nitrate which then decomposes i Nll4NOs=N20+2H20. If the temp, falls below 
the point of evolution of nitrous oxide — ^about 240° — ^tho ammonium nitrate formed 
cannot decompose into nitrous oxide. £. A. Hofmann and G. Buhk said that 
nitrous oxide mixed with very little nitrogen and nitric oxide can be conveniently 
made at ordinary temp, by tho action on copper of 14 grms. of sodium nitrite, 
22 gims. of ammonium chloride, sulphate, or hydrocarbonatc in 200 c.c. of water. 
The 1025 c.c. of gas contained 845 c.c. of nitrous oxide, 81 c.c. nitric oxide, and 
99 C.C. of nitrogen. The reaction is due in the first place to the reduction by tho 
copper of free nitrous acid formed by hydrolysis of ammonium nitrite (produced 
by double decomposition of the sodium nitrite and ammonium salt), 2HNO24 Cu 
=2N0 -)-Cu( 0U)2. The cupric hydroxide dissolves in the ammonia (a blue colour 
appears on the suriace of the copper), and is reduced by copper to the cuprous form. 
The cuprous oxide then reduces the nitric oxide farther to nitrous oxide, 2N0+()u20 
=N20 +CuO. The free nitrogen must be formed by the normal decomposition 
of ammonium nitrite into nitrogen and water. Magnesium nitrite behaves in a 
similar manner with copj^er, but, since it is much less hydrolyzed than ammonium 
nitrite, the reaction proceeds at only about one-sixtieth of the rate. 

In the original process employed by J. Priestley for preparing this gas, nitric 
oxide was reduced by means of iron or liver of sulphur ; F. Kuhlmann i^ucpd 
that gas with hydrogen sulphide, d^ or moisL liver of sulphur, iron- or zinc-filings, 
moist iron sulphide, or sulphur dioxide— gas or a^. soln. ; J. L. Gay Lussac, a 
soln. of stannous chloride, or ammonia ; and 0. Lecharticr, an alkaline soln. uf 
pyrogallol. Nitrous oxide is formed in the reduction of nitric oxide by sulphur 
dioxide, for if the mixed gases (2 : 1) be allowed to stand over water for some hours, 
J. Felouze observed the foimation of nitrous oxide. J. Gay found that a soln. of 
nitric oxide in ferrous sulphate is readily reduced to nitrous oxide by, say, ferrous 
oxide. J. Donath obtained the gas by the action of an alkaline soln. of a copper 
salt on hydroxylamine chloride. E. Cardoso and E. Ami, by the action of a sat. 
aq. soln. of sodium nitrite on hydroxylamine in vacuo, and subsequently fractionat- 
ing the washed solid ; and G. Oesicrheld, by the electrolytic oxidation of an alkaline 
soln, of hydroxylamine at a platinum anode. It is here assumed that hyponitrous 
add is first formed, 2NH20n-|-02=2H20-|-H2N202 ; and that the acid breaks 
down into nitrous oxide and water ; H2N202=N20-|-H20. The nitrogen simul- 
taneously produced cannot be derived from ammonium nitrite because no ammonia 
is present, and because there can be no oxidation of hydroxylamine to nitrous odd 
at the low anode potential which was maintained. The simplest explanation is 
that the nitrogen is due to the reaction between hydroxylamine and niiroxyl which 
is the first oxidation product, 0 : NH-|-NH20H=N2+2H20. A. Angeli hoe 
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ol)B€r 7 od the same reactaon when nitroxyl ^lits ofE from benzene snlpbobydioxunic 
mjd in presence of hydroxylamine. While two mols. of nitroxyl may combine 
to form hyponitrona acid or nitrons oxide and water, yet there is a quantitatiTe 
evolution of nitrogen so long as there is a sufficient excess of hydroxylaimne. It 
is also possible that nitrogen may be formed simultaneously with nitrous oxide 
by a diflcrent decomposition of hyponitrous acid, indicated by M. Berthdot and 
J, Ogier, A. Ilantzach and L. Eaufmann, and P. 0. Ray and A. C. Ganguli, perhaps 
5H2N202=4H20+2HN08+^I^2 ; A. Thum, by the decomposition of a soln, of 
liyponitrous acid. M. Coblena and E. Bernstein found nitrous oxide but not 
ammonia is formed when sQver hyponitrite is added to an acid soln. of titanous 
L'hloridc. E. Frfimy found that a soln. of nitrous acid or a nitrite is reduced to 
nitrous oxide by warm sulphurous acid ; W. Zom, by sodium amalgam, or stannous 
chloride; 0. von Dumreichcr, by ferrous hydroxide ; and V. Meyer, and P. A. Guye 
and S. Bogdan, by hydroxylamine sulphate in aq. soln.— cone. soln. require heating, 
•111. soln. want boiling. J. Priestley reduced nitric acid to nitrous oxide by zinc 
or tin. N. A. E. Millon used nitric acid of sp. gr. 1*217 with zinc, tin, or copper 
at —10°. T. von Grotthus, and A. M. Pleischl said the gaa by the zinc-reduction 
process is fairly pure. H. Bassett recommended a mixture of sidphuric acid (1 vol.), 
nitric acid (2 vola.), and water (3 vols.), and found nitrous oxide is given oS in the 
cold when tin is used. H. SchifE used the proportions 1:1: 9-10 respectively with 
zinc. J. J. Acworth found that in the reaction between copper and nitric acid, 
tlie Tosisiance of much cupric nitrate favours the production of nitrous oxide, 

F. Marcck also reduced nitric acid with zinc. E. Fr£my reduced nitric acid with 
Milphur dioxide ; and J. L. Gay Lussac reduced aqua regia by stannous chloride. 
A soln. of stannous chloride in hydrochloric acid and some crystals of potassium 
nitrate, heated on a water-bath, gave ofi nitrous oxide gas. According to 

G. Campari, on boiling a mixture of 5 parts of stannous chloride, 10 parts of hydro- 
cliloric acid, sp. gr. 1*21, and 0*9 part of nitric acid, sp. gr. 1-38, the evolution of 
nitrous oxhlc commences, and continues to bo evolved quite regularly and in a pure 
state. These proportions of the ingredients should he adhered to, as otherwise the 
gas is evolved irregularly, and even with violent explosions. A. Quortaroli reduced 
rntrates with formic acid : 2KN0B+6H.C0OH=N20+4CO2+6Il20-i-2HC00K. 

T. Schlosing found that sumo nitrous oxide is formed during the lactic fermen- 
tations of organic substances in a soln. containing nitrates ; and H. £. Wollny, 
B. Tacke, M. W. Beyerinck and D. C. J. Minkman, and B. Suzuki observed the 
fomiaiion of nitrous oxide during the nitrification of organic matter by bacteria. 

The physical properties ol nitrons oxide.— Nitrons oxide at ordinary temp, 
is a colourless gas, with a faint smell and sweet taste ; it also forma a colourless 
liquid, and a colourless solid, which, according to H. E. Behnken,* crystallizes in 
the cubic system. J. de Smedt and W. H. Secsom found the Z-ndiogzam of th^ 
crystals gave a space-lattice having a unit cube with side 6*72 A. ; there ore four 
mols, in the unit cube ; and the (Ustanoe between two neighbouring oxygen and 
nitrogen atoms is 1-1 5 A. The early determinations of the idative dc^ty — 1*3629 
by C. L. lierthollet, and 1 -614 by J. Dalton— are far from the mark, A. Leduc 
first gave 1-52931, and later 1-530] with an accuracy of 0-01 per cent. ; Lord Ray- 
leigh gave 1-62951, and later 1-5297. 0. von Dumreicher said that the gas has a 
normal density at 100°. The literature was reviewed by H. S. Blanchard and 

S. F. Pickering. W. G. Shilling gave for the density of the gas at 0°, 0-00197. 

T. WiDs gave 0-9004 for the specific gravity of the liquid ; and L, P, Cailletet and 
E. Mathias found the sp. gr.. to be : 

-80 0" -no* -5 5" -Z-2* 0-6* 11*7* IBS* £3 7* 

. . 1-002 0-952 0-930 0-912 0‘8i9 0-810 0-758 0-608 

or, the sp. gr. of the liquid at between -20-6° and +23-7° is A=0-342+0 001669 
+0*0922V36-4— 0, and for the sp. gr, of the gas, they gave : 

-28 0" -aS'O* -12-2* -l-B* 0 2" ZO-7" 2ft B“ 33 »• 

6p.gr., 0-0378 0-0413 0*0566 0-0786 0-1060 0-1632 U-2023 0-2660 
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or at ff*. botwoen -28-0" and +33-9’, Z)^0-6099-(H)036W-0-07UV365=9. 
J. de Smedt and W. H. EBesom estimated the sp. gr. of the solid to be 1*65, The 
sp. gr. of the liquid at the m.p. is 1*299. The sp. gr. at the b.p., — B9*l°, was found 
by L. Orumnach to be 1*2267 ; and P. Yillard gave for the sp. gr. at the critical 
temp., 38*8°, 0*454 for liquid and vapour. E. d’AndreejS, and F. Villard made 
observations on the sp. gr . of the liquid or gas ; the former gave D{=0*936B— 0*00390. 

L. Meyer gave 26*7 for the mol. vol. of the liquid ; and B. Lorenz and W. Horz 
also studied this subject. For the weigllt ol B litre of the gas under standard 
conditions, J. J. Colin gave 1*9762 grms. ; and J. Dalton, 1*614. A. Ledue, and 
F. A. (juye and A. Fintza, first gave 1*97788 grms., and later 1 -9774 grms. J. S. Stas 
found the molecular weight to be 43*98, hydrogen unity. A. Naumann gave for the 
molecular volnmei 4*49 (hydrogen unity). K. Lorenz and W. Herz, and G. le Bas 
studied the mol. vol. C. E. 6 uye and B. Budy, and E. Babinowitsch gave 36 for 
the mol. vol. A. Baumann found the molecular diameter to be 2*72 (hydrogen 
unity) ; and the mol. radius, 1-65 (hydrogen unity). E. Dorn calculated the 
diameter to be 1 * 8 x 10 '^ cm, ; H. Sirk, 3 * 1 x 10 “® to 4-0x10“® cm. ; J. H. Jeans, 
4-6x10“® cm. ; J. F. Kuenen, 3 -lxl 0 ^®cm. ; 8 . Mokruschin, 5*8x10“® cm.; 
F, Walden, 2*9x10"® cm. ; and A. von Obeimayer, 0-32x10"'^ cm. C. J. Smith 
calculated the mean collision area to be 0*834x10“^® sq. cm. For the molecular 
velodtyi A. von Obermayer gave 36,250 cms. per sec. at 0°, and for the mean bee 
path, 387x10"® cm. J. E. Mills has discussed the inter-moleeular attraction ; 

M. Trautz and 0 . Emert, F. Braun, A. Leduc, and F. Sacerdote discussed the 
application of the partial press, law to mixtures of nitrous oxide with carbon dioxide, 
etc. B. Gans, and E. Bruche discussed the structure of the molecule of the gas. 

The viscosity of nitrous oxide gas was found by 0. E, Meyer ® to bo 0*000168 ; 
0. E. Meyer and F. Springmiihl gave 0-000160 ; C. J. Smith, 0*0(X)1366 at 
0*0001441 at 15°, and 0-0001846 at 100 ° ; and A. Wiillner, 0*0001353 at 0 °, and 
0*0001815 at 100 °. T. Graham’s results, 0*0001408 at 0 ° and 0-0001600 at 20 °, 
were too high. A. von Obeimayer gave O-O 3 I 249 at -21-5°, O-O 3 I 6 O 6 at 53-6', 
and 0-081829 at 100-3° ; W. G. Shilling, 0*U^13CG at 0 ° ; and H. Vogel, 0*0^1362 at U 
W. J. Fisher obtamed 

26” 141 G” ISS 1* 22i-4” ZSD-9* 413 B" 

nxw . . 1498 1831 2161 2348 2010 3073 

A, von Obermayer represented his results at 0° between — 21 * 5 ° and 
100*3° by iy=ijo(l+O-OO37190)®*»2», where 1 ^ 3 = O-Ogl 6586; W. J. Fisher em- 
ployed 7 j— ■ijo(U* 04 l 7073 ’*)/(lH“ 3143 ^i). J. H. Jeans gave T^=-‘rjp(P/273)®*®®. 
Y. Jshida gave 0*795 for the ratio of the viscosities of nitrous oxide and Jiir 
W. G. Shilling gave 286 for Sutherland's constant. F. Schuster calrulated 
2233 atm. for the internal pressure. L. L. Grunmach gave for the surface 
teusum, o, of liquid nitrous oxide, 1'74 dynes per cm, at J9-8° ; 2-50, at 14-4° ; 
9*92, at —24*^ ; and 26-32, at the b.p., —89*3° ; and for the speoiflc cohesion» 
i4®=-0*682 sq. min. at 19-8°; 0*759, at 14-4°; 2*510, at -24*0°; and 4-296, at 
the b.p. - 89*3“. For the mol surface energy, cm =2*27(43-52—0), whore v is 
the Bp. vol. ; if Jf be the mol. wt., and 1) tlie sp. gr., D{2-27(43-52— 0)/(7}t. 
J. Verschafirlt represented his results between 19*8° and —24°, by (T=i4(l"m)^'®®®, 
where log i4=l'945, and m denotes the reduced temp. L. L. Urumnach’s results 
agreed with the assumjitiun that the mol. wt. ol the liquid is the same as that of 
the gas. A. von Obermayer ® gave for the diffusion coell. of carbon dioxide into 
nitrons oxide at 0 °, 0-148, and J. Loschmidt, 0*098 ; and for hydrogen into nitrous 
oxide, A. von ObermaytT gave 0-535. 6 . Hlifner measured the rate of difiusion 
of the gas in water and found the coefi. to be 1*35 at 16*2° ; while A, Hagenbach 
obtained 0*63 at 14°. H. A. Daynes measured the diffusion through rubber. 
T. L. Ibbs and L. Underwood studied the thermal diffusion of nitrous oxide and 
carbon dioxide. For the velocity of sound in nitrous oxide at 0 °, A. Wiillner gave 
260 metres per second ; G. Schweikert, 256 ; and W, Heuse, 257 metres per second. 
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A. Enndt, E. J. Izona, and C. Bmdn made some obaer^atioiiB on thia anbjeet. 
yf G. Sbilliiig gave at zoom temp., 264'6 metres per second ; at lOO", 299*0 ; at 
200",331'S; at 300*, 366’4 ; at 400*. 393-9 ; at 600°, 420-3 ; and at 600*. 446-9. 
N. de ELolossowsIcy studied the relation betveoi the velocity of sonnd, and the 
velocity of translation of the molecules. 

According to Lord BayleigbjT the ratio of the Oompnasibility, po, at half an atm. 
to that at one atm. press, is 1-00066 ; and later at 11*, he obtained 1-00327. 

T. Bateucas gave 0-0000978 for the oompressibiUty at 0* ; and 1-00739 for the 
divergence from Avogadros’ rule, l-fA. Observations on the vapour pru M uie 
of nitrons oxide were made by H. Faraday, E. Olschewsky, W. J. Janssen, 
J. P. Kuenen, etc. The values for the liquid by P. ViBard were 30-76 atm. at 0”, 
and 49-4 atm. at 20° ; L. P. Cailletet gave 5-06 atm. at —60° ; and 13-19 atm. at 
—34°. The following data for the vap. press., p atm., ate by G. A. Burrell and 

I. W. Bobertson— the values at 0*. 20*, and 40° are by H. V. Begnault : 

BoUd. Usnld. 

-131-S' -117 8* -9S-6* -BOV -SOI* -B8'7* 0* 20* 40*' 

p . 0-00168 0-0002 0-0068 0-3948 0-8006 0-0212 1 30 08 66-30 83-37 

II. V. Begnault represented his results at 0°, between —40° and 35*, by log p 
-9-242021J6 — 5-056207a® * where logo= 9-9991451 — 10; C. Antoine, 
log p= 9-4674{i-46927-lOOO/(0-[-lOOO)) ; and G. A. Burrell and I. W. Robertson, 
log p— 1096-7^-1+17-5 log T+0-0005r+4-B66, orlogipp=-1232-2r-i+9-579, 

J. ]’. Kuenen studied the vap. press, of mixtures of liquid ethane and nitrous 
oxide. W. Nomst gave 3-3 for the chemicBl Conatant, and W. Iferz discubsed this 
subject. 

P. von Jolly found the coeff. of thermal ^ausion to be 0-003706. C. A. Wiirtz 
gave 0-(K)'128 between —5* and 5° ; and being unity at 0°, was found to be 1-0455 
at 10°, and 1-1202 at 20°. F. Guye and L. Friediirh gave for the constants in 
J. H. van der Waals’ equation ot state (p +*«“*)(«— &)=/fr,a=0-00723 (or 0-00750), 
and 6-0-00189 (or 0-00195) if taken in terms of the initial vol. ; a=3-62xl0B 
(or 3-72x100), and b- 42-3 (or 43-4) if in mols ; and a=18-7 (or 192), and 6=-.0-961 
(or 0-987) if in grams. W. J. Walker also discussed the equation of etate. 

G. Wiedemann 0 first measured the thermal uondnetivity of nitrous oxide. 
A. Wiillncr found the constant to be 0-04350 at 0°, and O-O45O6 at 100° ; J. Stefan 
gave 0-04,372 at about 10° ; S. Weber, O-O4363 ; A. Winkelmann, 0-04350 at 0°, 
Bnd0-04606atl00°; W, G. Shilling, 0‘0435] ; and A. Euckrn, 0-043515 at 0°, and 

0- 0i2710 at - 71-8°. 

F, Dclaroche and J. E. Bcrard ' found the qieciflc heat of nitrous nxide at 
ronstant press, to bo 0-2369 between 15° and 100° ; H. V. Begnault, 0-226 between 
16° and 207° ; and E. Wiedemann gave 0-1983 at 0° ; 0-2212 at 100° ; and 0-2442 
at 200° at one atm. press., while at 30 atm. press., the sp. ht. was 0-27R. 

U. M. Mercer gave 0-2185 ; and W. Heuse, 0-210 at 20° ; 0-200 at —30°; and 0-190 
at —70°. E. Bobed and W. Heueo, for the mol. heat, (7p=9-24 at 20° ; 8-79 at 
—30° ; and 6-37, at —70° ; and for the ratio of the two ep. hte., P. L. Bulong 
gave 1-253 at 20° ; A. C. 6. Sueiraonn, 1-36 ; A. Cazin, 1-285 at 15° ; A. Masson, 

1- 293 at 0° ; T. Martini, 1-354 at 7° ; G. Schweikert, 1-263 at 0” ; A. Wttllner, 
1-311 at 0°, and 1-272 at 100°; A. Leduo, 1-324 at ordinary temp. ; J. B. Partington 
and W. G. Shilling, 1-302 ; H. N. Mercer, 1-261 ; and W. Heuse, 1-28 at 20” ; 1-31 
at —30° ; and 1-34 at —70°. W. G. Shilling gave for the mol. ht. at constant vol., 
f*,=6-629+O-OO690-O-O82410*; and at constant press., (7p=8-639+0-00677fl 
—0*052220^. A. Eucken and E. Donath gave Cp=7-39 for the solid at — 12.’>-25°. 

Nitrous oxide gas is easily liquefied. In 1823, M. Faraday heated thoroughly 
dried ammonium nitrate in one leg of a A-tnbo, and on cooling the other leg of the 
tube, obtained two liqnide ; one a eoln. of nitrons oxide in water, and the other 
water in nitrous oxide. It is donbtiul if J. H. Niemann prepared the liquid gas in 
m this Way. The liquefaction by eompresdon and cooli^ bos been desoiibod by 
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Q. 8. Nevtli, U. Thflorier, L. P. Ci^etet, J. H. Dobny, 3. 0. Natteier, T.'WOb, and 
otheiB. liqmd nitrous oxide, contained in steel cylinders holding np to about 50 lbs. 
and eq. to 430 c. ft. of gas, is on the market. In 1845, M. Faraday cooled the liqmd 
in a bath of solid carbon dioxide and ether below —100”, and obtained oolouness 
rayetals of nitrons oxide ; C. Despretz found that the liquid in a sQver dish in vacuo 
froze readily to a snow-like mass; andJ.A.Natteterobtained8olid,Bnow-like nitrous 
oxide by allowing the liquid to stream through a fine opening into the air. W. Barn- 
say and J. I^elds found the meltillf pdnt of the solid to be — 102’3'‘. M. Faraday 
estimated —100* ; T. Wills, —99" ; J. A. Natterer, —115* ; and P. A. Guye and 
G. Drouginine, —105-8*. For the boQing point, H. V. Begnault gave -87-9* at 
767-3 mm. ; T. Willis, —92* ; L. Ghmmach, -89-4* at 760 mm. ; F. W. Bergstrom, 
—89-5° : P. A. Guye and G. Drouginine, — 69'B° ; W. Bomsay and J. Shields, —89-8* 
at 760mm. ; M. A. Hunter, —87* at 760, and —89-1* at 660 mm. ; Q. W. Burrell 
and I. W. Hobertson, —88-7* at 760 nun. ; and F. W. Bergstrom, — 89-5*±0-2*. 
E. Cardoso and E. Anti found the critiGal opalescence extended from 36-0° to 36-5* 
and hod a maximum at 63-3*. J. A. Muller gave 1-359 for the degree of polymeri- 
zation in the critical state. J. Dewar gave 35-4° for the criticd tempezatuie ; 
P. Yillard, 38-8* : J. P. Euenen, 36-0* ; W. J. Jaiutssen, 36-4* ; L. P. Cailletet and 
E. Mathias, 37-0* ; and E. Cardoso and E. Ami, 36-50”. The subject was studied 
by W. Herz. For the Critical pressnn, J. Dewar gave 75 atm. ; W. J. Janntwen, 
73-07 atm. ; and F. Villard, 77-5 atm. ; and E. Cardobo and E. Ami, 71-65 atm. 
L. P. Cailletet and E. Mathias gave 0-0048 for the critical viduffle, and 0-41 for the 
critical density : P. Villard gave 0-454 for the critical density. W. Herz examined 
the relations of the critical constants of this oxide. S. F. Pickering gave for the 
best representative values 7„=309'6* K. ; pe=l\‘7 atm ; and D,— 0-45. 

L. P. Cailletet and E. Mathias gave for the heat d vaporization, 66-9 cals, per 
gram at —20* ; 59-7 cals, at 0° ; 43-7 cals, at 20° ; and 13-3 cals, at 35* ; and 

D. L. Hammick gave 69-4 Cals. 6. A. Burrell and I. W. Kobertson gave 5-626 cals, 
per moL as the average heat of evaporation at about —90*. H. Crompton calculated 
data in agreement with L. P. Cailletet and E. Mathias's results. A. Eucken and 

E. DonaA gave for the heat of vaponzation of sohd nitrous oxide 5822 cals, at 
-137-5°, and 5695 cals, at -113*. 

J. Thomeen found the heat d formation of gaseous nitrous oxide from its 
elements to be -18-32 Cals. ; and M. Berthclot, —20-6 Cab. for the gas, —18-0 Cab. 
for the liquid ; and -14-4 for the gas in aq. soln. J. Thomsen gave for (NO,N£), 
3-255 Cab. M. Beithelot and P. Vieillo ealculated the temp, of nombustiim of a 
mixture of nitrons oxide and cyanogen to be 3r)96*-4149°. J. C. Thotnlinson 
calcubtod what he called the thermnchomieal eq. of the nitrogen contained in 
nitrons oxide — vtde infra. 

P. L. DulongU gave for the index d tdraction of nitrous oxide 1-000507, 
for white light; J. Jamin, 1-000607 for red light; H. Bccqnirel, for Ma-hght, 
1-0005159 ; and E. Moscart, 0-0005084 for Na-Ught at 0* and 760 mm. If A denotes 
the wave-length, the index of refraction f(=A(l-f0-O127A7>). C. and M. Cuthbert- 
Bon gave 1-00051415 for A=477-9fi^i ; 0-00051145 for A^'^20-9/i/i ; 0-00051000 fur 
A=646-l/i|U=0-00050848 for A=579-0/4^ ; and 0-00060544 for A - 670-Rju/i. They 
represented their results by the formula 1— 5-6685xl0^’(11416xl0’‘^— 

M. Faraday said that the liquid refracts light less than all other liquids he 
tried. L. Bleekrode gave for the refractive index of the gas 1-000503, and 1-204 
for the liquid. He oho gave (fi— l)/D=0-255 for the gas, and 0-235 for the liquid ; 
while (|Li>— l)/(^-|-2)D=0-170 for the gas, and 0-150 for the liquid. W. Heu 
studied the refiaction of nitrous oxide. J. Koch measured the dispeiriOD. 
n. Becquerri gave for the mignetio rotation of the pbue of polarization of the gas 
with No-light, 16*02, or 000393 with that of liquid carbon dbulphide C. E. Guya 
and R. Rudy studied the electromagnetio rotation of nitrous oxide. C. V. Raman 
and E. S. Krishnan gave 0-48x10^^** for Kerr's constant at 20*. Lord Rayleigh, 
and J. Cabannes and J. Granier studied the polarization of light laterally diCused 



NITB06EN 


3M 


in nitrouB oxide. F. Holweck studied the absorption spectrum. A. Dnfoni found 
that in the neighbourhood of the bands A=f585’19/jb/i and 681-68, the ordinary effect 
IS produced, but with the bands A=692*54/i/i and 685-69/iifi, the inverse efiect is 
obtained. W. H. Bair, and H. 0 . Kneser studied the qpecirum of nitrous oxide; 
and S. W. Leifson, the ultra-violet absorption spectrum. M. F. Skinker and 
J. V. White investigated the motion of electrons in nitrous oxide. 

M. A. Hunter showed that platinum electrodes are not polarized by nitrous 
oxide, and he estimated that the oxidation potential of nitrous oxide is about 
0*39 volt higher than that of oxygen. 0 . Gehlhoff studied the cathode fall of 
potential during an electric discharp in a vacuum tube; E. P. Metcalfe, the 
ionization of the gas ; L. B. Loeb, and M. F. Skinker and J. V. White, the mobilitios 
of ions in the gas ; W. 0. Palmer, the effect of nitrons oxide on the coherer in 
detecting electric waves. F. M. Bishop found the ionizing potential to be the same 
as that of nitrogen. The dielectric constant of nitrous oxide gas was found by 
L. Boltzmann to he 1*000197, and by J. Clemencic, 1*000579. F. Linde found 
the dielectric constant of liquid nitrous oxide to he 1*643 at ^ 6 ° ; 1*591 at —0*5° ; 
1-5B2 at 4° ; 1*55 at 10° ; and 1*522 at 14*5° ; and for nitrons oxide gas at 15°, 
1*070 at 39 atm. press. ; 1-051 at 29*8 atm. ; 1*026 at 19*9 atm. ; and 1*010 at 
9-4 atm. W. Herz studied some relations between the dielectric constant and the 
physical properties. G. Quincke obtained + 0-12 X 10 ^ mass units for the magnetic 
snsoeptibility of nitrous oxide, at 16° and 40 atm. press. ; T. Son 6 said that nitrous 
oxide is diamagnetic with the sp. susceptibility — 0*43Xl0~^, and this constant 
has the same value whether the compound is liquid or gaseous. The subject was 
studied by N. W. Taylor and G. N. Lewis, and A. E. Oxley. 

The solubility id nitrous oxide in different solvents.— H. Davy said that 
at ordinary temp, one vol. of water dissolves 0*54 vol. of the gas, and J. Priestley 
said that the dissolved gas is driven nnchanged from the boiling liquid. The 
solubilities measured by N. T. de Saussuie, W. Henry, J. Dalton, and A. M. Pleischl 
ranged from 0-708 to 0*80. These numbers are not discordant with later values 
obUmed at specified temp, by W. Enopp, Y. Gordon, G. Geficken, W. Both, etc. 
U. Bunsen gave for the coeff. of absorption, J3, and G. Geficken for the solubility, ^S, 
expressed as a ratio of the vol. of gas absorbed at d°to the vol. of the absorbing liquid: 


6* 

10* 

16- 

20“ 

85* 

. 1-09S0 

0-9196 

0*7778 

0-6700 

06961 

. 1*007 

0-9101 

0-7784 

0-6766 

0-69B2 


L Carius, and 0. Wiedemann represented their results at 0° by j8=l*3052l 
—0*04536200+ 0*0000843002; and M. Bellati and S. Lussana, jB=-l-30224 
- 0*0461840+0-000719040^. The effect of press, on the solubility was found by 
A. Findlay and 0. B. Howell to bo independent of press, within 758 and 1362 mm. 
in that the ratio of the cone, of the gas in the gaseous and solution phases remained 
constant at 0-592. Liquid nitrous oxide is not completely nuscible with water. 
As shown by M. Faraday, and T. Wills, there is formed a soln. of nitrous oxide in 
water on which floats what is probably a soln. of water in liquid nitrous oxide. 
M. L. Nichols and I, A. Derbigny stated that nitrous oxide forms with water a 
soln. having acidic properties: N 20 +H 20 =(N 0 H) 2 . According to P. Vdlard, 
water forms with nitrous oxide a c^stalline liexahydrated nitrous oxide, N 2 O. 6 H 2 O. 
It 15 produced by keeping a mixture of li^^uid mtious oxide and water in the 
presence of meioury in a sealed tube standing for some time in ice. The tube, 
at 0 °, is opened and the gas allowed to escape. The acicular, or tabular cr^tals 
are said to belong to the eubio system ; to have a sp. gr. M 5 ; to be stable raow 
0 ° at atm. press.; and to have a heat of formation (N20,6H20)— 15 Cals. 
G. Tammann and G. J. B. Erige found the dissociation press., p, at temp. 0 
to be 0==19*4 (log p- 4 )* 9795 ). 

G. Lunge measured the solubility of tbe oxide in sulphuric acid and found that 
100 vols. of acid of sp. gr. 1*84 dissolved 76*7 vols. nitrous oxide ; sp. gr. 1*80, 
66*0 vols, ; sp. gr. 1«706, 39*1 vols, ; sp. gr. 1-45, 41 ’6 vols. ; and sp. gr. 1*25, 33'0 vok 
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G. GeQcken obtainod tbe following results for the solubility, S, in hydrochlonc, 
nitric, and sulphuric acids ; and W. Roth, for the coofE. of absorption, jS, for pJios* 
phoric and oxalic acids : 




fi" 

15" 

26 " 

s,Hci ( : 


0-755 
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0-657 

p uTwri 30-62 

S, HNO, 

II ■ 
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. — 
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0-776 
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0-611 
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S, HtSOi 98-08 

II • 

. - - 

0-645 
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106-16 

IP ■ 

. — 
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II ■ 

. 1 -0570 

0-7388 

0-6427 

II • 

. 0-9171 

0-6605 

U-4H60 

AWAo.{ S;?S^ 

f 1 ■ 

. 1-1450 

0-7940 

0-5784 

II • 

. ] 1094 

0-7745 
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W. Monchot found that the results with sulphuric, nitric, and liyilrorhloric acid sola, 
differ from those with salts, for, with riaiu^ none ent ration, the sohibility first falls, rearhen 
a minimum, and then innrouaos — Fig. 67. W. Knopp found that a1 20° aq. soln. roiiinimng 
15’ L5, 158’4, and 341-0 gnus of propiontc and per litre have the rueif. of absorption ; 0-0323, 
0*0504, and 0-7219 respectively. Usuig for thu solubility us mdicutod above, and $ 
for tho coeff. of absoriition, G. GefTckcn found for soln. aitli 63-52 grros of ammonium 
I'hlondt per litre, *^'-0-691 at 15‘, and »S*— 0-52.4 at 25“ ; and with 42-4R grms. of lUhium 
chloride^ 0-623 at 15', iind U-4K3 at 25°. Observations with hthiuin chloride were also 
made by V. (iordun, who found for suln with 12-78 grms of wdiurn rhlondt ]ier litre, 
6=.0-034 at 5 , nnil 0-386 at 20°. \\ . Koth made more dotailod obser\*ationB w-ibli this salt. 

G Goncken gave for the soln. with 7t-6 grms. uf potamvm (hloridf f>cr litre, -0-616 at 
16°, and 0-176 at 26''. Obscivations with potassium chlonde were also iniule b,v V Guidon, 
anrlN. T. de Saiissure G. Gctfcken also found tor soln with 120-95 grine. of nd^idium thiinidt 
per litre, jS'-- 0-625 at 15% and 0-483 at 25° ; for soln. with 84-17 grms cit ra^rr/^f chhnde 
per htro, N=0*710 nt 15% and 0-544 at 25% V. Gordon found fur soln. with 13-99 grins, 
of calcium chloridi per litre, iB =0-5 10 at 5% and 0-328 a1 20°; and for ‘<f)lii witli 13 24grms. of 
atrofUinm chloridi per hire, iS -=-0-644 at 6% and 0 391 at 20% G. Geflekon gii\ e fui soln with 
119-11 grms. of potaMium hromidi per litre, iS-=- 0-627 at 15% and 0-485 at 2i) ; lor soln. 
with 166-12 grins, of poiat^ninm iodidt per htre, iS -0-633 at 1.) , and 0-492 at 25 . V. Gor- 
don gave for soln. with 8-06 grms. of lithium f^ulphatf per Inre, fi - 0 646 at 5% and 0-415 
at 20° ; for soln with 12-44 grms. of sodtum sulphalF per litre, 0-559 at 5% and 0-354 
at 20° for soln. with 4-78 grms. of potamum gulphatf per litre', jB 0-918 at 5% and 0-512 

at 20'; and for soln with 10 78 gmia. 


oi magnmvwi Hidphuft \)QT hire, 0-569 
at 5% and 0-316 at 20 \ G GelTrkun 
found that 100 vnls. ol i-oiic. soln uf 
ftrroiiH hulphat( absorb 19-5 vuK ot 
nitrous oxide. \V Kiinpp gave for snln. 
with lJ-37 and 95-30 grms of noilniuk 
mtialr \\0T litre, at 20°, roHpectivoly 
jB— 0-6089 and 0- 1926; aiidforuohi with 
1 0-74 and 1 1 8-2 guns, of ni/ro^c 

poi litre at 20 , respectively jB- 0-6173 
and 0-6196 G. Lunge found that 100 
vuls of a Holn. nf indium fiydrouidr, sp. 
gr. MO, absorb 23-1 vols. of liitrous 
oxide ; and JOO vuls of a soln. of 
HiuM hydroxidf, sp. gr. 1-12, absorb 18-7 
volfl. of nitrous oxide. G. GefEckon 
gavo for soln. with 28-08 and 56-16 
grmH, of potassium hydroxide por litre, 

r I I I I iS=O-068 and 0-660 rospectively at 16“; 

b O'S hO hS P-0 P‘5 3*0 J-5 ^0 4‘S 5^0 0-614 and 0-436 at 26°; with 100 

Mols. of salt per t, 000 c£, vols. of sochum hydi-oxido sal. with 

Via. 67.-The Bolubilitv of Nitrous Oxide in py^rogaUol, 28 vob. of nitrou. o»do wen 
Salt Solutioiia. obwirbed. W. Mont hoi’s rosult, willi 

soln. of the ehluridoH of animoiiium, 
potassium, sodium, calcium, and barium ; bromides of ammonium, potassium, and sodium ; 
nitrates of apamnniinn, potassium, sodium, copper, ealcium, magnosiura, zinc, cndmiuin, 
and ^^uminium ; sulpliatea of aDimonium, potHMsinm, sodium, magnebiuiu, aine, 
aluminium, mongonnso, iron (ous and ic), cobalt, nickel, and cliromiuin ; sodium liydro- 
phosphatey sodium orthophosphate, and potassium periodato, are illustrated in h'ig, 67. 
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W. Mancliot oBlouhted the renilte to ehoir the effect of equal weighte of mter In ^ 
lohit and he attempted to ealoulate the number of mole of water required by the 
various ions. 

A. Findlay and co-workera maasured the effect of press, on the solubility of nitrous 
oxido on colloidal soln of /emc frydroxide of different cone. 'IIiub, with 0*626, 1*49, and 
4 061 grins, of ferric hydroxide per lOO o.o. of soln , the solubility of nitrous oxide is nspec- 
tivoly 0'590, 0-686, and 0-&78 at press, approximating 760 mm., 0-6B4, 0-577, and 0-671 
at proas, approximating 930 mm., and 0-688, 0-686, and 0-680 at press, approximating 
1350 mm. The solubility in colloidal soln. of aramious sulphide is ^ilar ; O. Gefloksn 
ttleu measured this effect with ferric hydroxidB and aiseniouB sulphide. A. Findlay and 
Ti J. M. Creighton found that the solubility in silicic acid incroaaes with increasing cone, 
of fihnr acid, and with increasing press. 

H Uavy found mtrous oxide is soluble in alcoJiol and dher ; and N. T. de Saussuro said 
tlmt 100 vola. of alcohol of sp. gr. 0-840 absorb 163 vols. of gas. li. Bunsen gave for the 
HoJiibility of nitrous oxide in alcohol, expressed in vola. of gas, reduced to 0° and 700 mm., 
pel voJ of alcohol : 

0" 5- 10* 16" 20* 24" 

N/) . . 4-178 3-844 3-641 3-26R 3-025 2*853 

Tj. fariuH found the absorption coeff. of nitrous oxide in aleohol at 760 mm. press, at 
d° to bo J3~4*178n5— 0-06981600+0-00060900*; and M. BelJati and S. Lussana, 
fi - 1-10044— O-O744770+O-OOO7R570’, O. Lunge'a propoaa] to determine the gaa by 
nh^drptjnn with absolute alcohol is. according to L. W. Winkler, too inexact. W. Kunerth 
foiuid the solubility of nitrous oxide at 20" in water, 0-675 ; m methyl alcohol, 3-32 ; in 
ctliyl akohol, 2-90 ; in wamyl dlrohol, 2-47 ; in acftone, 0 03 ,- in acetic acid, 4 85 ; in 
pyndmr, 3-58; in ihloroform, 6-60; in htuzaldthyile, 3-16; in oniftnii, 1-48; in amyl 
at date, 6-14 ; snrl in etliylone bromide, 2-81 c c. of gas at the provaihng press, per c.c. of 
Hulvont. W. Knopp found the coeff. of absof|jtion ot nitrous oxido in soln with 30-43 and 
31 n 4 grms of rhtmal hydrate per litre at 20" to be respectively 0*618 and 0*507. W. Roth 
found fur soln with 3-46 and 16-24 per cent, of glyrerol ^=-l'007 and 0-95!) respectively at 
6° ; and 0 656 and 0*508 respectively at 25" ; likewise for soln. with 3-31 and 0 07 per cent, 
of iina, l-llU and 1-069 respectively at 6", and 0-669 in both coses at 25^ S. H. Steiner 
found that the c(»etf nf absorption of soln. with 1-69B and 0-520 mols of cane-sugar per 
litre ut 15' is (I-U892 and 0-1661 respectively. A. Findlay and co>woikera found with 
imiiiHing L-oric of dtjrtrtn, the solubihty fell from 0-649 with 6-98 grni& of doxtnn per 
100 r c to 0-503 with 20-30 grms. The solubility increoflod with incieaHiiig press, 
Analogous ref^uUs were obtained with starch, gdatin, and glycogen ; while with egg-aVbumm, 
and btrum-alhumtn the solubihty curves give a mimmuni with incmasing press, lioing 
U-583, 0-579, and 0-691 reapectivoly at 746, 878, and 396 atm, press, for a sohi. with 0 32 
grm. of scTum^dlbumen per 100 o c. Hence, the solubility with these colloidal soln. no longer 
iullowB Henry's law-. This may bo due to a pol 3 mierization of the gas or to odsurplion 
otfoots, R SielKK-k, and A. Fmdlay and oo-workors measured the suliibility of nitrous 
oxiilu in hhod The first-named observed that tlie abborption coelf. of water for nitrous 
nxido is smallor than that of blood. The increobod abborption is nut due to the plasma, 
the coeff. of which is 97’6 per cent, of that of water. On the other hand, a soln. of red 
corpuscles liaa a markedly greater cooff. than water, and the abborption in ihia soln. obeys 
]'lcnr> ’b Jaw, and is indc])endent of the absorption of carbon dioxide and oxygen. Nitrous 
oxide 18 Bolublo in^rd and volaiile oils. N. T. de Saussure found that 100 vols. of rectified 
naphtha of sp. gr. 0-784 absorb 254 vola. of gaa ; 100 vols. of turpentine, 250-270 vols. of 
gas; 100 Vole, of oif of lavender of sp. gr 0-880 absorb 275 vols. ; and 100 vols of alivr ml 
of sp gr 0-9J6. 160 vols. of gaa. B. GniewaBzand A. Walfisz found for pUroleum, at 10", 
8- 2 49, and at 20", 2-11. 


According to P. A. Favre, one c.c. ol charcoal absorbs 99 c.c. of nitrous oxide ; 
and, according to N. T. de Saussurc, 40 c.c. The heat of absorption is 3718 cals, 
per equivalent. A. Fmdlay and H. J. M. Creighton found that with charcoal 
suspended in water and nitrous oxide, 


TrcHBure .... 050 

ihia absorbed by solid Oj . 0-0069 

Gas iliMolvpd by water, C, 0-1332 
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L. B. Richardson and J. C. Woodhouse studied the absorption of mixtures of 
^rbou dioxide and nitious oxide by charcoal ; 5. J. Gregg, the heat of adsorption ; 
D. H. Bangham and F. P. BuEtf the adsorption of nitrous oxide by filaas ; and 
W. A. Patrick and co-workers, by silica gel near the critical temp, of the gas, 

The dwmioal propertiei ol nitfous oiide.— Nitrous oxide was analyzed by 
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H. Davy.i* J. L. Gay Lnasac and L. T. Th£nard| and J. B. Deiman and oo-worken. 
The xeanltB of H. Dayy are in harmony irith the empirical formula N 2 O. Thia 
alee agrees with analyBca by A. Jaqnerod and 8. Bogd^, and E. H. Eeiaer. The 
density of the gas is in agreement with the simplest formula. The mol. is generally 
supposed to have two talent nitrogen atoms, and to be constituted : 


^not N.O.N by analogy with H.O.H. There are other possibilities, e.jr. W. A. Noyes 
favoured, but W. T. Hall objected to the formula 0=N=N recommended by 
H. Henstock. 0. Eirsch, A. E. Oxley, J. B. Partington, A. 0. Bankine, C. D. Niven, 
and A. W. C. Menzies discussed the at. and mol. structuie. According to E. A. Hof- 
mann, and L. Pauling and 8. B. Hendricks, the chemical evidence favours the 
constitution N=N=sO, rather than N«>0. J. C. Thomlinson tried to calculate 
the eq. of nitrogen in nitrous oxide from theimochemical data ; and he considered 
that the results agree with the assumption that nitrous oxide contains qninque- 
valent nitrogen ; 0. le Bas said that the mol. voL agrees with the 3-member ed ring 
formula 




■<N* 


>0 


A. 0. Bankine found that the mols. of nitrous oxide and carbon dioxide behave 
physically as if they had the same size, shape, and electronic structure. I. Langmuir 
compared the physical properties of carbon dioxide and of nitrous oxide, and the 
similarity was attribute to a like electronic structure— tnde 4. 27, 4, Fig. 30. 
6. Eirsch made observations on the electronic structure of the molecule; and 
M. L. Huggins made estimates of the interatomic distances. 

Nitrous oxide, or a gas with an analogous composition, is the anhydride of 
hyponitrous acid, H 2 N 2 O 2 , and could be called hyponitroas anhydride. Owing 
to oui defective notation, it cannot be called nitrous anhydride by analogy with the 
nomenclature employed in many other cases. Nitrous anhydride, N^O}, is the 
anhydride of nitrous acid, HN02- To adjust the nomenclature, nitrous oxide would 
have to be called byponltRIllB oxide. While the action of water on nitrous or 
hyponitrous anhydride docs not form hyponitrous acid, yet the dehydration of 
hyponitrous acid by oono. sulphurio add forms nitrous 01 hyponitroas oxide : 
H2S04+H2N208^H2S04.H20+N20. 

J. Priestley showed that nitrous oxide is decomposed into its elements when 
passed through a red-hot porcelain tube, and at the same time a higher oxide is 
formed. H. Berthelot found that after heatmg for half an hour at 520^ about 
1*5 per cent, of the gas is decomposed, and at the same time, some of the higher 
oxides are formed. C. Langcr and Y. Meyer observed that the decomposition is 
complete at 900^, According to G. T. Eemp, C. Winkler’s proposal to estimate 
the nitrous oxide in some gaseous mixtures by decomposing this gas: 2 N 2 O 
S 2 N 2 +O by passing it over red-hot palladium, is inexact. M. A. Hunter found 
that the course of the decomposition at 713^ 805'*, and 695" corresponds with that 
of a bimolecolar reaction ; and the influence of temp, on the velocity constant, i, 
is represented by log ib=3i600T+24'12. The influence of moisture on the reaction 
is not appreciable. 8. Dushman studied these results. L. Maquonne found that 
when a small quantity of meicuiy fulminate is exploded in contact with nitrous 
oxide, the latter is decomposed. According to E, Biiner and A. Wioczynsky, 
nitrous oxide is more stable than nitric oxide in that it requires a higher 
temp, to show an appreciable decomposition. At 600 atm. and 420", it sufleis 
a slight decomposition. According to G. N. Hinsbelwood and co-workers, 
the heteiogencouB thermal decomposition of nitrous oxide on the surface of a 
heated platinum wire between 600" and 1200" is retarded by the presence of 
oxygen and proceeds at a relatively faster rate at low tham at high press. 
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The Tdocitj of tKe reaction b repreaented hj the equation — d[N|0]/c& 
=^N 20 ]/( 1 +I( 02 l)i and the heat of activation in the catalytic reaction b 
32,^ call, per mol. Thu reaction u nnimoleoular, whereas the homogeneous 
thermal decomposition of nitrous oxide b bimolecular and its heat of activation 
is much greater ; the pbtinum surface in the heterogeneous reaction acts as an 
acceptor for atomic oxygen, the nitrous oxide probably giving its oxygen atom to 
the platinum, thereby forming a retarding film of at. oxygen. They also studied 
the decomposition of nitrous oxide on the surface of heated gold and found the 
UDiiDolecular process b a true wall-reaction. B, Uchida found that the reaction 
is of the first order, and that the velocity constant of the decomposition of nitric 
oxide is 0-39 with platinum gauze as catalyst, and 0*013 with ferric oxide as catalyst 
at a temp, of 600^. R. C. Tolman studied the diSereut ways of activating the 
molecules in the bimolecular reaction 2N20=2N2-|-02. E. Briner and co-workers 
observed that when nitrouB oxide b circulated through a heated fused silica tube, 
at 1300'*, 2D per cent, of the gas b converted into nitric oxide, and the amount is 
lowered by the presence of powdered quartz or platinum. It is suggested that the 
nitrous oxide breaks down simultaneously in two ways, N 20 ->N 2 -fi 02 + 20*6 
Cals., and N20->NO+|N2— 0-9 Cal. The reaction was studied by C. Meiner, 
F. A. Constable, and E, J. Bowen. J. Priestley found that the gas b decomposed 
by long-continued sparkiDg ; and W. R. Grove added that at the same time there 
is an increase in volume from 1 to l o ; with a more protracted action, red fumes 
of the higher oxides appear. These results were confirmed by H. Buff and 
A. W. Hofmann, and M. Berthelot. S. S. Joshi studied the decomposition of nitrous 
oxide by the silent electrical discharge in the press, range 110-820 mm. The 
end products are nitrogen and oxygen, but the intermedbte products indicate that 
tlic reaction actually involves two simultaneous reactions : 2 N 20 '=s 2 N 0 +N 2 and 
2NifO 2 N 2 +O 2 , followed by 2 N 0 + 02 = 2 N 02 , or else it involves the three con- 
serutive reartions: 4 N 2 O -4NO+2N2 ; 2 N 0 =N 2 + 02 ; and 2 N 0 + 02 = 2 N 02 . 
The time required fur total decomposition inereascs rapidly with increase of gas 
press., and the mean rate of decomposition increases with an increase in the potential 
applied to the reaction vessel, and diminbhea as the gas press, increases. A. Gbitz 
studied the dissociation of nitrous oxide by the high-tension arc-flame; and 
E. Wourtzel, by a stream of a-rays from radium : N20=N0+N. D. Berthelot 
and H. Gaudeebon observed tliat nitrous oxide is partly decomposed into its elements 
when exposed to the light from a mercury quartz lamp, and the oxygen so formed 
unites with th e undecomposed gas to form higher oxides. E. Warburg and E. Rege- 
ner found that nitrous oxide is deoomposed by radiations of short wave-len^h 
from a spark dbeharge. The wave-lenj^h of the active ray is under 0*3^. 

In hb early work on this gas, J. Priestley noticed t^t nitrous oxide b not 
combustible ; a candle will bum in the gas more brilliantly than in air ; a glowmg 
splint, when immersed in the gas, burets into flame. J. Priestley said : 

Roinolimcs I have percpived the flame of a randlo in the Dircunutancos to be twice as 
as it ia naturally, and Bometimes not lobs than five or six times lai^r; and yet 
williout anything like an explDHion, as in tlio firing of the weakest mtlaininablD air. . . . 
At the tinie of my first pubbeation on this subject, 1 should not have hesitated to pronounce 
os impoAsible (that) air in which a condlo bums naturally and freely, (would bo) in t^ 
highest degree nomous to animals, insomuch that they die the moment they are put in it. 

H. B. Dixon and W. F. Higgins found that when the air feeding the flame of 
hydrogeOi methane, ethylene, or propylene b replaced by nitrous oxide, there b a 
pretty transformation scene. It b possible to road by the hydrogen flame in nitrous 
oxide although the flame b almost invirible in air. Fig. 68 fliustrates the great 
contrast between the two flames. The hydrocarbons give a core of white light with 
AD apricot-coloured, and then a large, groenish-grey sheath. The flames are 
magnified roughlj^ five times in height and twice in diameter. No peroxide could be 
detected in the mterconal gases, but it b found in the gases of the outer flame. 
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The ignition points, fl®, of hydrogen, ethylene, and propylene in nitrons oxide, 
with a 0-5 sec. lag, at different press., p mm., are : 



1000 

760 

660 

400 

260 

IBO 

100 

504^ 

BB7“ 

672° 

649'' 

624° 

604° 

670’ 


662° 

806° 

006“ 

692° 

678° 


6B6° 

606» 

623“ 

620° 

608° 



All these gases ignite in nitrous oxide at a lower temp, than they do in air. 
J. Priestley, H. Davy, and W. Henry observed that if nitrons oxide be mixed with 
hydrogen in equal vols., and ignited by an electric spark, or a red-hot tnbe, the 
detonation is attended by the formation of water and nitrogen ; N20-1“H2=^N2 
+H2O ; if less hydrogen be used, some nitric arid is produced ; the reaction is utilized 
in gas analysis. Q. T. Kemp, and G. Lunge obtained high results, but 0. von Dum- 
reioher, L. H, Milligan, and W. Hcrapel obtained satisfactory results when an 
exees B of hydrogen is used — say 2 or 3 times the vol. of that of the nitrous oxide. 


JHO 


0, 

Fin. no. — Explosive Limils With 
N,0 -(C’gUj),0-0, (and An). 

W. K. Hutchison and C. N. Hinshelwood measured the rate of the reaction 
N204-H2—N2+H20 (liquid) on the surface of gold wire at 704“ and 880“. Both 
gases are adsorbed independently by the gold, and the rate of the reaction tends 
to a limiting value as the press, of each gas is increased showing that the surface 
of the gold approaches a state of saturation. With hydrogen, there is a com- 
plication due to the absorption of hydrogen as distinct from adsorption. H. B. Dixon 
found the velocity of explosion of mixtures of nitrous oxide and hydrogen, 
H2+N2O--H2O4 H2, to be 2305 metres per second ; and M. Berthelot and P. Vieille, 
2284 metres per second. According to W. P. Jorissen and B. L. Ongkiehong, the 
explosive regions with mixtures N2O -(C2H5)20— O2 can be represented by the 
regions ABCD^ Fig. 69 ; and with mixtures NgO— (()2H5)20— air, by the region 
ADCE. On adding air to the mixture with oxygen, the hne CB, revolving about 
moves to the left, and finally coincides with CE, If the ignition spark is strong 
enough to start a reaction with HgO^O mixture, which propegates itself, the 
line AD will revolve about A and rut the left side of the triangle. C. Winkler 
recommended estimating the nitrous oxide in some gaseous mixtures by adding 
an excess of hydrogen, and passing the mixture over heated platinized asbestos ; 
N2O+H2 -HgO-fNg. L. Duparc and co-workers found that while hydrogen 
in the presence of metals of the platinum group reduces nitric oxide to ammonia, 
nitrous oxide is reduced to nitrogen. H. B. Taylor and A. L, Marshall studied 
the reduction of the gas by the activated hydrogen. The rednetion of nitrous 
oxide to ammonia by hydrogen in the presence of platinum sponge or platinum 
or palladium black has been studied by J. W. Dubereiner, P. L. Dulong and 
L. J. Th4nard, F. Euhlmann, M. A, Hunter, C. N. Hinshelwood, H. S. Taylor, 




Fia. 6S. — ^Flames of Hydrogen in Nitrous 
Oxide and in Air. 



NiTBoaBir 


897 


C, Montanartini, ammonia ,* and in the pzeaenoe of nickel and oopperp 

by F. Sabatier and J. B. Senderena. According to P. A. Quye and F. Schneider^ 
nitroiifl oxide is reduced by nickel and hydrogen much more slowly than is the 
case with nitric oxide. No nitrous oxide is formed during the reduction of nitric 
oxide by nickel and hydrogen, but it may be formed when nitric oxide is reduced 
by sulphur dioxide. M. Berthelot could not detect the formation of a higher 
oxide when a mixture of oxygen and nitrous oxide is heated to dull redness, 
M. Berthelot and H. Grandechon found that a mixture of nitrous oxide and oxygen 
forms higher nitrogen oxides when exposed to ultra-violet light. For the action 
of water, vide supra. The gas, and an aq. soln. of the gas, has no action on vegetable 
colours — ^litmuSi etc. 

H. Moissan and F. Lebeau found that flnorine does not react with nitrous 
oxide at a dull red heat, If a mixture of the two gases bo heated electrically by 
moans of a platinum spiral, platinum fluoride is formed at 400'', or if the two 
gases arc heated to redness in a glass vessel, sibcon fluoride and oxygen are formed, 
whilst the nitrous oxide remains unaltered. When a mixture of nitrous oxide 
and fluorine is submitted to the action of an induction spark in the presence of 
mercury, there is a complex reaction, the mercury is attacked, and the final 
gaseous mixture oontaina oxygen, nitrogen, and nitrons oxide, but no compound 
of nitrogen and fluorine. A. J. Balard £d not detect any reaction between nitrous 
oxide and ddoline monoxide in the cold. J. B. A, Dumas observed no reaction 
between iodine and liquid nitrous oxide. 0. von Duznreicher observed that 
mirous oxide forms a white cloud when treated with hydrogen iodide, the doud 
gradually reddens, and crystals of iodine appear : N2O+10HI=2NH4l-|-H2O-|-4l2. 
K. A. Ilofmann and co-workers said that probably on account of its saturated 
nature, nitrous oxide docs not react with potassium chloride at 360”, and it is 
also very sluggish in its action towards hydrogen and carbon monoidde in contrast 
with the vigorous action of potassium chlorate and ammonia. 

11. Davy found that feebly burning salphnr continues burning vigorously in 
the gas, with a bright greenish-blue flame ; sulphur dioxide is formed, and one 
vol. of nitrous oxide gives one vol. of nitrngon. According to A. Stavenhagen and 
E. Schuchaid, if the combustion of sulphur in nitrous oxide be carried out in a 
large glass vessel, the walls become covered with crystals of nitrosulpbonic acid, 
anil, at the same time, nitrogen peroxide is formed in quantity. Thus, nitrous 
oxide may be transformed into higher oxides of nitrogen without the use of 
elortrical energy by simply burning sulphur in it, nitrosulphonio acid anhydride 
or its decomposition products being formed at the same time, J. B, A. Dumas 
observed no reaction between liquid nitrous oxide and sulphur. 6. Chevrier, and 
M. Berthelot observed Ihat a mixture of sulphur vapour and nitrous oxide is 
inflamed by an electric spark, forming sulphur dioxide and nitrosopyroaulpburic 
anhydride. A mixture of hydrogen ^phide and nitrous oxide, with an electric 
spark or at a red-heat, furnishes sulphur dioxide, water, and nitrogen. F. Pascal 
said that a high cone, of snlphur dioxide reduces nitrous oxide to nitrogen if the 
temp, be high. E. J. B. Willey and E, E. Eideal found that nitrous oxide is not 
decomposed by active nitrogen. A mixture of nitrous oxide and ammonia is 
reduced by an electric spark, or when heated to redness, forming nitrogen and 
water. A. Joannis found that when nitrous oxide is passed into a soln. of 
potabsium or sodium in liquid ammonia, an amide is formed: N 20 -h 2 KNIl 3 
— ENH 2 +NH 8 +KOH+N 2 , and with a more protracted action, a nitride is 
produced: 2KOT2+N20=KN8+K0H+NH8. Unlike oxygen, when nitrous 
oxide is mixed with a little nitrio oxide, it docs not produce red fumes, nor sufiei 
a diminution in vol. J. B. Deiman and co-workers observed that fuming nitrio 
Add reduces the vol. of nitrous oxide, and F. T. Austen, that moist nitrous oxide 
reacts with the vapour of nitrio acid, forming ammonium nitrate. F. Baschig 
^served that nitroiu Add reacts with nitrous oxide, forming nitric oxide. 
H. B. Dixon and J. D. Feterkm observed a slight expansion on mining nitrous 
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oxide and nitrogen percaUe, thus mdioating a Blight disBodation of the N£04-molB. 
H. Davy found that itfuMiluinu can be volatihBed, oi touched with a r^-hot 
ixon rod in an atm. of nitrous oxide without inflaminatioD ; but if a white-hot 
iron rod ia used, oi if the phosphorus be vigorously burning when immciBed in the 
gas, it bums as brilliantly as in oxygen^ forming phosphorus pentoxide, and some 
nitrogen peroxide. J. B. A. Dumas observed no reaction with liquid nitrous 
oxide and phosphorus. According to P. Thdnard, spontaneously inflammablo 
tfKMgliina ^tonates with nitrous oxide at ordinary temp. The reaction was 
studied by J. J. Berzelius, T. Thomson, and J. B. A. Dumas ; it is symbolized by 
2PH,+8N20=P£OB+3H2O+8Na (or 2HBPO4+8N2). 

U. Davy found that glowing Carbon burns as vigorously in nitrous oxide as 
in oxygen ; 2N20-|-C5=U02+2N2 ; but J. B. A. Dumas observed no reaction 
between liquid nitrons oxide and carbon, but a glowing piece of charcoal swims 
on the liquid while burning vigorously. H. Davy found that a mixture of carbon 
monagMe and nitrous oxide can be detonated by elcctrio sparks ; and that the 
same result occurs with a mixture of nitrous oxide and CF&QOgen, or of nitrous 
oxide and a hydrocarbon. W. Henry referred to the vivid combustion of a mixture 
of nitrous oxide and olefiant gas ; and H. B. Dixon and W. F. Higgins’ observations 
have been previously described. W. Henry, and G. T. Kemp recommended deter- 
mining the nitrous oxide in some gaseous mixtures by adding about T vols. of carbon 
monoxide to one vol. of nitrous oxide, C0-fN20==C02+N2, and nstimating the 
lesulti^ carbon dioxide by absorption with alkalidyo. If the gases arc moist 
there is a disturbing side reaction: C0+H20=C02+H2. M. Bcrthclot and 

F. Yieille gave for the velocity of the explosion: C0-fN20=^C02+If2* ^186 
metres per second. J. B. A. Dumas found that a mixture of liquid nitrous oxide 
and carbon disuliihide, or alooholt or ether will freeze mercury, sulphuric acid, 
or nitric acid ; and J. 0. Nattercr said that in vacuo a temp, of — 140 '’ can be 
obtained with a mixture of liquid nitrous oxide and carbon disulphide —vidr supra 
for the combustion of ether in the gas. Heated boton burns in the gas, forming, 
according to H. Davy, boric oxide, and, according to H. St. C. Deville and 7 . Wohler, 
some boron nitride. 

J. L. Gay Lussac and L. J. Tbfnaid found that when sodium or potassium is 
heated in the gas, the combustion is vigorous, forming alkali peroxide, and nitrite, 
as well as oxygen and nitrogen. P. Sabatier and J. B. Benderens found that 
copper above 150 '’ is slowly transformed into cuprous oxide. E. Schroder and 

G. Tammann measured the rate of oxidation of copper by nitrous oxide. F. Sabatier 
and J. B. Senderens found that magnesium powder in contact with water and 
nitrous oxide reacts with the evolution of much hydrogen ; zinc filings act similarly 
—hydrogen and nitrogen are produced together with some ammonia. H. Davy 
found that zinc is slowly cxidL^d at a red-heat. F. Sabatier and J. B. Senderens 
observed that cadminm is gradually oxidized by the gas at 300 °. 11 . Davy found 
that manganese and tin are oxidized by the gas at a r^-heat ; and P. Sabatier and 
J. B. Senderens observed that lead is oxidized at 300 ° ; iron bums in the gas 
below 170 °, forming ferric oxide ; and at ordinary temp., in the presence of moisture, 
nitrous oxide is reduced to nitrogen and some hydrogen is produced. J. Piiestley 
said that iron filings bum in nitrous oxide as vigorously as in oxygen. E. Schroder 
and G. Tammann measured the rate of oxidation of iron and nickd by nitrous 
oxide. P. Sabatier and J. B. Senderens observed that Gobalt bums in nitrous 
oxide at 230 °, forming cohaltous oxide ; nickel likewise forms green nickelous 
oxide ; and palladinm hydride at 250 ° produces water ; while pn-llailinm itself 
is not changed. E. Schroder and G. Tammann compart the rates of oxidation 
of metal by oxygen, nitric oxide, and nitrous oxide. 

J. Pbtsoz said that nitrous oxide reaqfn with moist potftssinm hydroxide, 
forming nitric acid and ammonia, or ammonium nitrate, but later considered that 
these BubstanccB were derived from some ammonium nitrate mechanically mixetl 
with the gas prepared from that salt. M. Bertbelot could find no tiace of ammonia 
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when the nitrons oxidB is psssed ovei led-lLot sodiIwUme ! alooholio potash at 
100^-20(P ; or potaBh-lje at 300^. F. Sahatiei and J. B. Senderens found that 
at 200 ^ nitrons oxide reacts with BOdinm dioiidei forming sodium nitrite and 
nitrogen; and nith bmiimi dioxide in an analogous manner at 500^-600^; 
numganoiu oxide at 360’’ forms 1111304 with inflammation ; tongsteii dioxide at 
450 ” forms the blue oxide ; molybdenum monoxide below 600” forms the violet 
oxide ; stlimoiu Olide at 400” forms stannio oxide ; copioiu oxide at 350” is 
not changed ; lead dioxide at 200 ” forms litharge and oxygen ; nramnm dioxide 
at 450” is not changed. V. Kohlschlitter and E. Vogdt, and C. Fziodheim discussed 
solid Boln. of nitrous oxide and nraniiim trioxide. A. Wagner found that when 
nitrons oxide is passed over a heated mixture of ohtomio oxide and sodium 
carbonate, sodium chromate is produced. He recommended the reaction as a 
means of estimating nitrons oxide in some gaseous mixtures since nitric oxide does 
not react in this way. As a rule, nitrous oxide is fairly stable towards oiidiaillg 
agente ; an alkdine soln. of potaadom permangwiate was found by J. A. Wai^yn 
and W. J. Cooper to be unafiected by nitrous oxide at 100 ” ; and 0 . von Dumreicher 
observed that Btomunu chloride does not reduce nitrous oxide. Similarly, staniunu 
salts, soliiliides or solphitea, and larroas salts have no action on nitrous 
oxide ; nor is the gas dissolved by soln. of ferrous salts-^cmi/ef nitric oxide and 
sola, of ferrous salts. M. Coblens and J. E. Bernstein found that titanons chloride 
reduces nitrous oxide to ammonia. M. L. Nichols and 1. A. Deibigny showed that 
in the reduction of nitrous oxide by stannous chloride, titanous chloride, and sodium 
Buljihite, at 25”, ammonia, hydroxylamine, and nitrogen are respectively formed. 
The rate of redaction increases with increasing cone, of the reducing agent, decreases 
with a rise in temp., and, in the case of staimous chloride and titanous chloride, 
decreases with increased (hydrochloric) acid cone. The reduction of nitrous oxide 
by titanous chloride is catalyzed by platinum. The mechanism of the reduction 
IB thought to depend on the initial formation of hyponitrous acid, according to 
the equation N 20 +H 20 ss(N 0 H) 2 , discussed by L, H, Milligan and Q. B. Gillette, 
W. D, Bancroft, N. B. Dhar, and M. Coblens and J. E. Bernstein. M. L. Nichols 
and I, A. Derbigny found that the e.m.f. of soln. of the reducing agents with sat. 
soln. of nitrous acid, and varying amounts of bydroehloiio acid, are in agreement 
with the observations of B. Neumann. 

The physiological action ol nitrons oxide.— Nitrous oxide has a slight odour, 
not disagreeable, and a sweetish taste ; the aq. soln. also has a sweet taste. The 
gas may be respired lor a short time— say less than four minutes, and it then 
produces remarkable effects suggeslive of intoricatiou, hysteria, or delirium— 
particularly if mixed with about one-fourth its vol. of oxygen. There is first 
great hilaniy, and ultimately loss of consciousness. II. Davy,^'' in his Chemical 
and Philosophical Researches concerning Nitrous Oxide, coDected a number of 
observatinns made on the effects of the gas on different people. In his own case, 
he said that after breathing 16 quarts of the gas, " I donoed about the laboratory 
os a madman ” ; and L. Edgworih said that after breathing the gas, “ I burst into 
a violent fit of laughter, and capered about the room without having the power of 
restraining myself.” The early observations of G. Cardone, J. L. Proust, and 
L. J. Th£nard were possibly made with an impure gas, since their sensations were 
niamly (lisagreeable. C. Baskerville and B. Stevenson discussed the preparation 
and purification of this gas for use as an anaesthetic. If the breathing of the gas 
be continued, the intoxication stage is quickly passed, unconsciousness and in- 
sensibility to pain follows. Hence the gas has long been used as an anaesthetio 
for small surpoal operations, dentistry, etc. ; but, owing to the unpleasant after- 
rfie^ sometimes produced, it is not u^ so much as formerly. If the breathing 
of the gas be continued still further, death may ensue. The effects on different 
people are not always the same. H. Wieland attributed the narootio effect of 
mirous oxide to its interference with the utilization of oxygen by the nerve-cells. 
U. Nussbaum, P. Bert, C. Winkler, and others have studi^ the use of this gas as 
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an anasihetic. L. Hermann said that this gas does not fom a compound with 
hfismoglobiu, and cannot do the work of oxygon in respiration, the ansasthetic 
action is attributed by ilolyet and T. Blanche to its displacing the dissolved 
oxygen in the blood. Small birds are killed by the gas in about 30 seconds ; dogs 
and rabbits in ^ minutes. J. Bock found that the lowest fatal press, of the gas 
for rats is 3 atm., and they are killed by paralysis of the lesinratory centre in 
8-22 minutes. H. Wieland found the vital activities of the round worm are nut 
aCected by nitrous oxide. Knop found that young shoots of the typha laii- 
folia can grow in an atm. of nitrous oxide, and decompose the gas; indeed, 
F. Hatton thought that the bacteria in a putrefying cxtiact of meat grow better 
in nitrous oxide than in air. 


Rcxerexoxb. 

^ F. HaatefeuiUe and J. Chappius, Compl, Bl. 134, 1881 : B2. 80, 134, 1881 ; B4. 1111, 
1306, ll^82 ; J. Chappius, ib., 94. 940, 1882 ; i4nn. SedU Norm., (2), 11. 137, 1882 ; M. Berthelot, 
Bull Soi. Chm., (2), 86. 227, 1881; Am. Chm. Fhy^., (C), 22. 432, 1881 ; L. Hpiegol, Ihjr 
BUcksioff ufid nine mehtigstiti V erhmdviigen, Braunschweig, 367, 1903 ; E. Pincrua-Alvaro?, 
Am. Chim. Anal Appl., 11. 401, 1906; Chem. New, 94. 260, 1006, E. Warburg and 
U. Ledhousrr. Am. Fhysxk, (4), 20. 743, 1906 ; 1). Hrlbig, AUi Aoend. iytnrri, (C), 11. ii, 67, 1902 , 
(6), 12. 1 , 166, 1003; F. Kasrhig, \ifh. Ues. btui. NuturJ. Atrtzr, ii, 1D9, 1012; Z(tl aagtu. 
Chem , 20. 694, 1907 ; Ber., 40. 46s5, 1007 ; ZtiU anorg. Chem., 84. 116, 1913 ; F. Poliak, tb . 
148. 143, 1025 ; i. Trifonoff, ib., 124. 123, 1922 ; E. Muller, tb., 76. 324, 1912 ; 86. 230, 1914 ; 
Znl ttnfjf?r. f'hfm., 24. 1170, 1911 ; E. Mulder and J. Hermgu, Kic. Trav. Chm. Pay^-Bas, 16. 1, 
236, 1896 ; E. Mulder, ib., 16. 67, 1897 ; 17. 129, 1898 ; J. Schmidlui and F. Maasini, Ber., 48. 
1162, 1910 ; R. L. Uo&che, Jmirn. Amu . Chtm. Boc., 47. 2143, 1926. 

* E. P. Al\m/, .inii. ( him. Arud. Ap)d , 11. 401, 1906 . < /um. Ntv s, 94 1906. 

■ J. Friostley, Expermr/Us and Ob^crvaiione on Ihfftrent Kxnd^ of Air, London, 1774 ; Biiming- 
ham, 2. 64, 1790; H. Davy, Be^earchLS Chemical and Philo<tophtcul, chujiy cuncnning Ndroutt 
Oxide or BephlogiMcatid N UfouaAtr, and its Mti^jnraUoih London, 1800 ; J. R. Deiman, P. Aieuw- 
land, N. Bluudt, A. Lauwertubuigh, and P. van J lUKitvyk, Ann. ( hm. Phys., ( 1). 29. 22."), 179S , 
Mim, Samna tlhang , 1. 101, (1796), 1806; E. 'Ibilo, ( /urn. Zfr/., IS. 632, 1804; A. Angeh, 
Oazz. Chm. /ial,2S. 11,11, me; 27. u, S57, 1897 , ^»«.4rrrrt/. XinrFi, (6),6. 120, 1806 ; IM'are 
neuve, Journ. Pharm, Chtm., (61, 11. 67, 1886 ; N. A. E. MiJlon, ib., (3), 2. 179, 1843 ; 
E. Soubeuon, ib., (2), IB. 321, 1827 ; Ann. Chtm. Phya., (1), 67. 71, 183H; J\ Grouvello, Ann. 
Chm. 7%s., (2), 17. 351, 1621 ; J. L. Uay Lussac, ib., (2), 1. 394, 1816 ; (3), 23. 220, 1848 ; 

J. Felouzc, tb., (2), 60. 162, 1^5; Taylor a Bcicnt. Id^moira, 1. 470, 1837, A. M. Pleischl, 

BchuKJtggefs Journ., 88. 461, 1823 ; T. von Orntthus, tb., 32. 271, 1821 ; A. P. LidoH, Jouni, 
Huaa. Phya. Chtm. Soc., 36. 60, 1903, W. Smibh and W. Elmore, Brd. Pat, ho. 0023, 
1891; Joiim. 8oc. Chem. Ind., 11. 633, 1892; W. SmiXh, ib., 11. 868, 1802; 12. 10. 
1893; F. Maieck, Chem. ( enir., (3), 15. 481, 1884, V. 11. Volry, Piui. Hoy. Soc , 44. 
239, 1688; Jwrn. Chem. Boc., 43. 370, 1883; J. J. Arworth, ib., 28. 628, 1675; H. SebiO, 
Liebig'^ Ann., IIB. 84, 1861 ; V, Meyer, ib„ 175. 141, 187.7; R. Webei, Jottrn. pialt. 
Chrm., (1), 100. 37, 1867 , A. llant/seh and L. Kanfmaim, ib.. 232, 317, 1696, H. HasseiU 
t'hem. Newa, 68. 172, 1886; G. Oeaterheld, Zeif. anorg, Chem., 96. 129, 1914; G. Campari, 
i4nn. ( hm. Farm., 8. 263, 1888 , F. Kuhlmaun, Joum., 211. 24, 1674, P. Villard, 

Comp/. Rend., 118. 1006, 1894, (L L<*rhartier, tb., 89. 306, 1870; J. Gay, tb., 89. 410, 1879; 
E. Kremy, ib., 70. 61, 1670 ; T. Mchlonng, ib., 66. 237, 1868; P, A. Guye and S. Bogdan, ib., 138. 
1404, 1904 ; M. Bertholot and J. Ugier, ib., 96. 30, 84, 1883 ; M. Berihelut and H. (^uadeihon, 
tb., 150. 1517, 1910 : G. Matignon, ib., 164. 203, 1912 ; 0. von Dumreiohor, Wt/zber. Alead. Wien, 
82. 6G0, 1880 ; J. Donath, tb., 76. 6^, 1877 ; E. Waiburg and G. Ijuibauser, BiisSur. Akad. 
Btrltn, 148, 1008 ; M. E. Wollny, Journ. iMndw., 34. 213, 1686 ; B. 'racks, 1/andw. Jahrh., 16. 
B17, 1888 ; C tfdr* Baktuiol, (2), 2fl. 236, 1910 ; M. Vi. Boyennek and D. C. J. Minkman, tb , (2), 
26. 30, 1909; 8. Suzuki, tb., (2), 31. 27, 1011; R. Piitot, Frcnih Pat. Noa. 416694, 

1010 ; K. A. Soderman, tb., 411785, 1910 , E. ('aidoso and E. Ami, Journ. Chim, Phya., 10. 604, 
1012 ; A. Quartoroh, Oaa. fJhm. ltd., 41. u, 63, 64, 1911 ; P. V. Kay and A. C. Ganguli, Jimm. 
( hem. Soc., 91. 1666, 1007 ; M. Coblens and J. K. Bornsirui, Joum. Phya. Chem., 20. 760, 1926 ; 

K. A. Hofmann and G. Buhk, Btr., 53. B, 2166, 1920; W. Zom, Ber., 16. 1268, 1882; Du 
Vnteraalpitnge aaure und deren organiachcn Denvate, Hsidelborg, 1870; A. 7 hum, Monaiah., 
14. 294, 1893 , BxtAer. Ahad. Wien, 102. 284, 1803 ; Batragc zur Kmntntaa der unteradpeingen 
Baure, Prag, 1803 ; R. Lorenz and W. Herz, ZeU. anorg. Chem., 138. 281, 1924 ; D. L. Chapman, 
K. A. Goodjiian, and R. T. Shepherd, Journ. Chem. Soc., 129. 1404, 1926. 

* 0. L. BorthoUet, Eaaai de rhtmtque ataitgue, Paris, 2. 168, 1803 ; J. Dalton, Ann. Phil., 7. 
216, 1816; 9. 186, 1817; 10. 38, 83, 1017; Mm. MancheMer Ut. Phil Soc., 1. 271, 1805; 
P. A. Guys and A. Pmtza, Mini. Bctencea Oeneve, (5), 35. 684, 1908 ; Compt. Rend., 180, 677, 
1904 ; 141. 61, 1906 ; P. ViUord, tb., 118. 1096, 1894 ; L. P. CaiUoiet and E. Mathias, ib., 102. 
1202, 1880 ; A. Leduc, tb., 140. 642^ 1906 ; Ann. Chm. Phya., (7), 16. 1, 1898 ; K. Lmenz and 



NITROGEN 


401 


W. Hen, Zetf. aimg, OAem., 185. 372, 1924 ; 188. 261, 1924 ; P. A. Gnye, Bull* Soc* Chm„ (8), 
88. 1, 1906 ; Ohm* Nfswa, 82. 261, 275, 2H6, 1906 ; 88. 4^ 13, 23, 36, 1906 ; Her., 39. 1470, 1900 ; 
./ourtr. Chim. Phys., 8. 321, 1905 ; 4. 1B4, 1900 ; C. K. Guye and II. Rudy, Cmpt. Pend., 174. 
3S2, 1922 ; Lord Rayleigh, Proc. Bay. Bor., 62. 204, 1608 ; 74. A, 181, 1904; J. de Sm&dt and 
W. H. Koosom, Fror. ^ead. Amsterdam, 27. 630, 1024; J. J. Colin, Coneidtraiums eUmenlairea 
sur Un praportioni chitMques, Paris, 1841; J. Dalton, New Syatfm of Chemiadl Philomphy, 
Manc'ht^ler, 2. .14], 1810; J. Smith, True. Phys. Hot., 84. Ui6, 1922; 11. Sirk, Phil. Mag., 

(6) , 49. 708, 192.5; H. E. Behnkrn, Phya. Rev., (1), 85. 60^ 1913; 0. von Duinreiuher, Siizber, 
Alml. Wt^n, 500, 1860 ; A. von Ob^ayer, %b., 78. 433, 1876 ; L. Grunmach, SUzber. Akad. 
fUrliH, 1198. 1904; Ann. Phys\l, (4), 15. 401, 1904; R. Gans, xb., (4), 65. 07, 1021 ; K. Dom, 
\\ It d. 4 nn., 18. 378, 1881 ; T. Wills, Joum. Chm. Hoc., 27. 21, 1874 ,- ('hm. Nem, 27. 103, 1873 ; 
( j. Ir lias, ih,. 111. 113, 1915 ; J. H. Jeans, Phd. Mag,, (6), 8. 602, 1904 ; The Dynnmicnl Theory 
of ff rrsu, Cambridge, 295, 19 LO ; A. Naumann, TAeb^u Ann, Bup]^., 5. 2.52, 1867 ; K, d’Andieeff, 
Litbig'h Ann., 110. 1, 1859 ; Bull. Hoc. Vhim., (1), 1. 19, 1859 ; Ann, Vhim, Phy^,, (3), 56. 317, 
JS.59 ; J. K. Mills, Joum. Phy\. Chem., 10. 1, 1900 ; J. B. Stas, BuU. Acad. Belg., (2), 10. 8, 1860 ; 
13). 86. 1, 1865 ; L. Meyor, jAthig's Ann. Siippl., 5. 129, 1807 ; J. de Smodt and W. 11. Eoesom, 
T mLAhul, Ambterdam. 88. 888, 1924 ; 7Voc. Acad. Amiicrdam, 27. 839, 1024 ; K. KabinowitBoh, 
Ikr,, 58. 2700, 192.5 ; M. Trautz and 0. Emert, Zext. anarg, Chim., IM. 277, 1026 ; F. Braun, 
Wud. Ann., 34. 043, 1888 ; A. Lodur, (‘ompt, Btnd., 126. 128, 1898; P. Baoeidote, ih., 126. 
218, 338, 1893 ; M. 8. Blanchard and S. F. Pickering, A Bemew of the Literature relating to the 
\ mmal hLUMheH of (JnseA, Wanhuigton, 1920 , J. P. Kupuen, Jjie Ktginschafhndcr (lair, Leip/ig, 
117, 1910 ; P. Walden, Ztit. niiorif. ('hem., 167. 41, 1920; S. Moknischin, t6., 158. 27.1, I93h; 
W. C. SJiilling, Phi Mag., (7), 3. 273, 1927 ; E. Bruche, Naturwisa., 15, 408, 1927. 

‘ 0. £. Mryor, Pogg. Ann., 143. 14, 1871 ; 0. £. Meyor and F. Bpringmuhl, ih., 148. 520, 
1S73; A. llulbier, Wied, Ann., 4. 321, 1878; L. L. Grunraaoh, Bitzbrr. Akad. Berlin, 1198, 
I'lOi , J«n. Phynk, (4), 15. 401, 1904; A. von Oberm.iytT, BiUber. Akad. Wien, 71. 281, 1876; 
( . rl. .Smith, Proc. Phys, BtH.. 34. 15.5, 1922; F. Schuster, Zetl. nnorg. ('hem., 146. 29.0, 1925; 

I. II. Jeiini, Thi Dymnucal Thtoiy oj Goha, Cambridf^e, 237, 1904; U. Vogid, Ann. Phynk, 
(4), 43. 1235, 1914 ; Uihr du ] tskosM ctnigrr Gn^ uiidihrr TemjutnlurobkanqHjktilhLi iufen 
'J (Viluiuturtn. Leipzig, 1014 , 1 . Cruham, Phil. Trans., 136. 573, 1H40 ; Y. Tshida, PhyA. Rt v., 
(2), 21. 550, 1923 : \V. J- Fisher, Phya. Rev., (1), 28. 7.1, 1900 ; J. Vorsphaflelt, t'onm. Phys. 
It b, Lttilen, Ih, 1S!I5, VirsL [lud. Aw'^ierdam, (3), 4. 74, lsl,5; W. C Shilling, Phil. Mtig., 

(7) , 3 273, 1927. 

* A. von OlMTfiiayer, Sitzber. Akad. Wirn, 81. 1102, 1880; 85. 147, 748, 18S2; 87. 158. 

IHsli , 96. .561, 1887 ; J. Loschmidt. i6., 61. 307, 1870 ; 62. 4(iK, 1870 ; G. Hufner, Zeit, phys. 
f hm., 27. 227, 180S ; II ud. Ann., 60. 134, 1897 ; A. llagenbach, ib.. 65. 673, 1898 ; A. IViillner, 
ih., 4. 321, 1878; G. Kcharikert, Ann. Pkystk, (4), 48. 503, 191.5; W. TfeuRp, tb., (4), 60. 86, 
1919; A. KuiuJt, Pogg. ..Inn., 1^. 357, 1866; 0. Bonder, Btr., 6. 665, J873; H. A. lJa>nDB, 
P/er Roif. isor., 97. A, 286, 1920, N. de Joum. f him. Phys, 22. 82, 1925; 

IC. .1 lions, Phil. Mag., (7), 3 1274, 19J7 , W. il. Sliillnig, ib.. (7), 3. 27J, l‘)27 ; 1 . L. Ibbs and 
L riirhi\^nod. Pror. P/ii/s. iSiK-., 39. 227, 1927. 

^ Cerd Rayleigh, Phil Traw., 106. A, 205, 19U1 ; 198. A, 417, 1902; 204. A, 351, 1906; 
Prin. Roy. Soc., 74. A, 446, 1005; G. A. Burrell and J. W. Roliertaon, Vapour Pnssures of 
VttrioJis f ompoiirnli at Low Temptiafurt^, Washington, 1916; Joum. Anut. (hern. Hoc,, 37. 
2482, 1915; C. A. Wurtz, {'ompt. Bind., 60. 728, 1865; M. Faraday, Phil Tians., 135. 155. 
1845, P, vi)ii .lolly, Pogrj. Ann. Juhtihd., 82, 1874, V. Antoine, f ofnpf. Rend., 107. 788, 836, 
ISSS , K. OlsehpMiiky, i6., 100. 940, 1885 ; W. Ntriist, (loft. A’nrAr., 1, 1906 ; Zeit. Lfrktrochem., 
17. 526, 1911 ; P. \ Ulaid, ( ompt. Raid.. 118. 1096, 1K94 , Ann. ChiM. Phys., (7), 10. 387, 1807 ; 
Jonrn. Phys., (3), 3. 441, 1894 ; J. P. Kuenou, Phil. Mag., (5), 40. 173, l89o ; ( mm. Phyi. 

Ia idui, 16, 1805 ; L. P. CaiUetot, ^rr^. Hricitcrji Gtneif, (2), 66. 10, 1878 ; F. Guyo and ]j. Fried- 
rich, i8., (4), 13. 559, 1902; W. .1. Janssen, !)aa physikaU^rhi 1 iThaUin dts Slickoiyduls m 
gaugin fliiAsigen Zustande, LeiUeii, 1877; W. J. \\alker, Phil Mag., (b), 50. 1244, J92.^i; 
AY. Jlerz, Ziit. augiw, Ch(vi., 37. 453, 1924; H. V. Regnault, M6m. Acad, 26. 535, 1862; 
Rflation dib U2i6rienus enlrejfribCb pour dilcrmintr Ua pnnnpltb loia phyaiquca et le^ donnica 
nuinkrigma gin entreiU dana le calcul dta machtncH d vapour, Paiib, 184S; 1'. Haiuecoa, 

PhvH. Phyu 22. 101, 1926. 

" A. WuUner, Wied. Ann., 4. 321, 1878; J. Stefan, Biizber. Akad. Wien, 72. 69, 1876; 
A. Wiukolmann, Pogg. Ann,, 156. 497, 1875 ; G. Wiedemann, ib., 157. 1, 1870 ; 8. Weber, Ann, 
Phys.. (4), 54. 320, 437, 481, 1917 , A. ICueken, Phys. Zut, 14. 324, 1913 ; AV. U. Shilling, Phil 
(7), 3. 273, 1927. 

* H. V. Rcpiault, Mim. Acad., 26. 1, 1862 ; £. Wiedemann, Pogg. Ann., 149. 1, 1873 ; 157. 
L 1876 ; W'tpflf. Ann., 2. 196, 1877 ; U^cr den Warmcmfcrbraueh bem Aufiosen ton SaUrn vnd 
die bptupbthtn IFarmen von BaUoanngen, Bonn, 1873; A. WuUner, H'liii. Ann., 4. 321, 1878; 
A. Leduc, (Jompl Rend., 127, 650, 1898; F. Delaroohe and J. K. Berard, Ann. Chim. Phys., 
(1). 85. 72, 1813 ; P. L, Dulong, tb., (2), 41. 113, 1829 ; A. Masaun, ih., (3), 53. 257, 1858 ; Phi 
Mag., (4), 13. 533, 1867 ; A. Cazin, ili., (4), 40. HI, 107, 26H, 1870 ; ilwi. (7iim. Phys., (3), 66. 
206, 1862 ; A. V. G. Suermanii, Pogg. Ann., 41. 474, 1837 ; T. Martini, Nuovo Cimewfe, (3), 11, 

II, 1882 ; G. Sehweikort, Ann. Phyatk, (4), 48. 693, 1015; (4), 49. 433, 1916 ; W. ileuse, th., 
(4), 59. 60, 1919 ; K. Seheol and W. Houae, i6., (4), 87. 79, 1012 ; (4), 40. 473, 1013 ; (4), 59. 30, 
1 Jl9 , H itzlK r. Akad, Berlin, 44^ 1913 ; J . K. Paitington and W. Q.Shilling, Trana, Farnday Hoc., 

VOL. Via, 2 D 



m 


INORGANIC AND THEORETICAL CHBMIBTRt 


18. m, 1923 ; PAil (6), 46. 416, 426, 1923 ; W. G. Shilling, tb., (7), S. 273, 1927 ; A. Enckon 
and E. Donath, ZeiL Chm., 124. 181, 1026; n.N. Mercer, Proc. PA.v*. SS6. 165, 1924, 
» M. Faraday, PAt7, Mag., 62. 416, 1823; PAi7. Trans., US. 189, 1823; 185. 165, 1846; 
J, H. Niomuin, Brande's Arch., 86. 175, 18.30 ; LiebiYs Ann., 1. 35, 1832 ; E. Thilo, TAcm, Ztg., 
18. 743, 1894; W. Ilerz, Zeil. anorg. rhim., 144. 40, 1905; 145, 378, 1023; 150. 335, 1026; 

G. 8. N^wth, Proc. Chem. Sur., 16. 67, 1000; L. F. (‘aillotet. Compt. Bend., 94. 623, 18B2; 
J, B. A. llumae, i6., 27. 463, 1848 : Ann. ('him. Phyn., (2), 81. 118, 1826 ; Joum. Pharm. f’Aim., 
(2), 14. 441, 1828; L. F. Cailletet and E. Mathias, Cimpt. Bind., 04. 1503, 1882; 106. 1146, 
1888 ; Joum. P%9., (2), 5. 540, 1886 ; (2), 6. 414, 1887 ; J. H. Di^bray, Comjd. Bend., 04. 626, 
1882; J. A. MuUer, ib., 175. 760, 1022 ; G. DcHpretz, ib., 28. 143, 1849; P. Villard, ib., 118. 
1006, 1891 ; Jmirn. Ph^., (3). 8. 441. 1804 ; J. A. Natterer, Lirhiq'ji Ann., 54. 2.54, 1845 ; Pix/i/. 
Ann., 62. 132, 1844; W. Kamsay and J. Shields, Journ. Clian. Boc., 63. 833, 1893; T. Wills, 
i5., 27. 21. 1874 ; Chm. Nem, 27. 103. 1873 ; L. Gruninoth, Stlzbcr. Akad. Wien, 1108, 1904 ; 
Ann. Phyatk, (4), 15. 401, 1(H)4; II. V. Itoic^ault, M£m. Acad., 26. 535, 1862; G. A. Burroll 
and 1. W. llobcrl^n, Vapour Prt^^'Urisof Various Compounds ai Low Tcmpirnturra, Washington, 
1916; joum. Awrr. Chun. 8oc., 37. 24S2, 1016; J. J)ewar, Chem. Nem, 51. 27, lb85; Phif. 
Mag., (5), 18. 210, 1884 ; W. J. Jannssen, Dm physiktiUsche VtrhaUcn dn Budoxydxfh m gtisigen 
und fiumgrn Zusiu/ide, Leiden, 1877 ; M. TliiloriDr, Ann. Chtm. Phy^., (2), 60. 427, 18.35; 
J. F, Kuenen, Phil. Mng., (5), 40. 173, 1805; H. Crompton, Prof. Vhvn. Bor., 17. 61, 1901 ; 
M. A. Honter, Zeit. phf*.. { 'Ami., 58. 441, 1905 ; Jowrn. Phyn. Chem., 10. 330, lOOG ; E. L'anloso 
and E. Ami, Journ. Chm. Phy'*., 10. 504, 1012 ; F. A. Guye and G. Drouginino, ib., B. 473, ] 910 ; 
F. W'. JiorgHliom, Journ. Phy^. i hon., 26. 876, 1922 ; S. F. I’lckeriug, ib., 28. 97, 1924 ; A. Li'iieken 
and E. Donath, Zci/. php. ( hem., 124. ISi, 1026; 1). L. llnmmuk, PM. Mag.. (6), 38. 240, 
1919; (6), 39. 32, 1.020; (61, 41. 21. 1921. 

** J. Thonisen, Brr., 6. 1533, 1873; ThermocfvmiscKe CrUerwhingrn, Leipzig, 2. 104, 
1882; M. IJerthelot, CtnniA. Bend., 90. 770, 18h0; Ann. f'Aiw. Phyi*., (5), 20. 260, IKSO, 
M. Berthelot ami F. Vieillo, ComjA. Rind., 08. 545, (Mil, 1884; J. C. 1 homliiisun, Chim. 

05. 50. 1007 ; 09. 290, 1909. 

« P. L. Dulong, Ann. Chm. Vhy^., (2), 31. l-U 1826; .F, Jamiii, lA., (3), 50. 282, 1860 ; 

H. Beiqnend, Comyi. Rend., 90. 1407, IbSO ; F. Holuppk, lA., 182. 779, 1339, 1026 ; []. Guye 

and II. Rmly, lA., 174, .3s2, 1922; A. Dufour, ih., 157. J47I, 1908; E. Musn.rl, ?A., 78. 617, 
1924 ; 86. 321, 1878 ; Ann. Bede Xorm., 6. 1, 1877 ; C. anti M. (Vthbeitsiui, PAil. Tniu'i., 213. 
A, 1, 1913 j M. Faraiiay, iA., 135. 155, 1H45 ; li. Bleckiode, 7Voe. Boif. Boc., 37. 330, 1884 ; ijord 
Rayleigh, ib., 97. A, 43.5, 1920 ; W. Horz, Zrit. phgs. ( lum,. 98. 175, 1021 ; Zfit. hkkiroihtm., 
27. 323, 1021 ; M. F. Skinktr and J. Y. Yi hi1(‘, Phil. Mag., (G), 46. 630, J9J3 ; d. GiilKinurs aucl 
J. Granier, Journ. Phif^. Had., 4. 429, 1023 ; J. Knch, jlrl^r Math. Fy'iik, 18. 3, 1023 ; W. 11 . Bair, 
AsProphys. Jovm., 52. 301, lOiO; Phy^. lUv., (2), 16. 403, 1920; E. V. MDleulfe, Phil, Mng., 
(6), 18 . 87K, 1900 ; G. \ . Baiiiaii uiid K. kudiU'UL, lA.. (3), 7. 713, 1027 ; II. U. Kupmi i, Artn, 
Phy^tl. (4), 79. 585 , 1926 ; ,S. W. Jai^un, u*. Journ., 63. 73, 1026. 

M. A. Hnntcr, Ztil, phy^. ( Ami., 441, 1905; G. Grhlboff, Ann, Physils, (4), 24. 053, 
1007; L. B. Loob, Phi. May., (6), 4B. 446, 1024; (0), 49. .517, 1925; m! P. Hkiiiktr luul 
J. V. White, lA., (6), 46. C30, 1023 ; W.C. Paluiei, Proc. Boy. SbC., 108. A, 5.\ 1024 ; F. M. linluip, 
Phh. Btr., (2), 10. 214, 1917 ; J]. I\ Mel.- ilh. Pt tl. Mag.. (6), 18. S7S, 1909. 

L. Boltzmann, Biizber. Akad. iron, 69. 79.5, 1874; J. Glenieneie, iA., 91. 712, 1885; 
F. Linde, Wied. A nv., 56. 546, 1895 ; G. Quineke, lA., 24. 347, 1885 ; 84. 401, 1K88 ; 'i'. Soiit, 
Science litp. TohAu Vniv., 11, 130, 1922 . N. W. 1 a>lor and G. N. Lewis, iVoc. hnl. Arnd., 11. 
456, 192.J ; W. Hm, Zeit. phy^. Chem,, 103. 2i>9, 1922 ; A. E. Gxley, NaJlun, 107. 6.^)2, 1921, 

L. Carius, lA*hvfs Ann,, 94. 140, 1855 ; JL. Bun'^n, Gumnetnachr MiAhodcn, BrauuHcliweig. 
1857; G. Riedeuitnn, Wvrl. Ann., 17. 349, 1882; VV. Mauehot, Ztif. anorg. ( hrm,, 141. 3S, 
1924 ; W. Manohot, M. J.i1ir.s1(Jifer, and IJ. Zepter, tb., 141. 45, id'M ; M. BeJJali and S.Lussann, 
ZfAt. phys. (%m., 5, 281, 1H90; W. Roth, i6., 24. 114, 1897; V. Gordon, iA., 18. 1. 
1895 ; G. Gefleken, ih„ 49. 257, 1904 ; L. W. \Mnklrr, tb., 55. 344, 1906 ; S. H. Mciner, lA., 18. 
14, 1805 ; W. Kuopp, ib., 48. 1U6, 1004 ; S. Gniewasz end A. Waliifz, i6., 1. 70, 1887 ; W. Heiir>, 
Phil Trans., 93. 20, 274, 1803 ; J. llallon, Ann. Phil, 7. 215, 1886 ; 9. 186, 1817 ; 10. 28, 8.1, 
1817 ; Mtm. MaiiiheAfr Lit. Phil Sue., 1. 271, 18()5 ; A. 51. JMeisilil, Srhw<tyqir''s Journ., 38- 
461, 1823; W.Kuficrtli,PAv . Pte., (2),19.512, 1022 ; F. A.Favre, A7m.C7iiw.PAyjj.,(n),1.2U0, 
1874 ; r. Villaid, tA., (7), 11. 280, 1897 ; ( ompt. Bend., 106. 1602, 1888 ; 118. 1006, 1804 ; 119. 
368, 1894 ; 1). If. BaiigLam and F. P. Burl, Journ. Phys. Chem., 29. 540, 1025 ; W. A. FatricJc, 
W. C. Preston, and A. E. (kwtns, ib., 29. 421, 1925; M. L. Niehols and 1. A. Deibigny, iA.,80, 
491, 1926; K. T. do Saussure, Bibl BriU, 50. 39, 127, 1812; Ann. Phil., 6. 241, 331, 1815; 
L. B. Riehordbon and J. C. W'oodbmuic, Journ. Amer. C’Acm. 8'oc., 45. 2638, 1023 ; A. Findlay 
and H. J. M. Cieighton, Bioiht m. Journ., 5. 204, 1911 ; Journ, Chem. Roc., 97, 540, 1010 ; A. Find 
lay and 0. K. Uowcll, lA., 105. 201, 1014 ; G. Lunge, Ber., 14. 2188, 1881 ; U. Davy, BisearcheA 
Chemical and Philosojihtcal, chiejiy concerning Btirous Oxide or Dephtogisiicakd Niirous Air, 
and its Bespiraitoii, Ltndon, 1800; J. Priestley, Experiments and Obstrvaiions on Lhjfirent 
Kinds of Air, London, 1774 ; Biriuingham, 2. 54, 1700 ; C. Winkler, Lehrbwdi der Uchnischer 
Gasenalyse, Fmburg, BKlx ; M. baraday, PAiI. Trans., 118. 180, 1823 ; 185. 155, 1846 ; T. Wills, 
Jovm. Chem. Soc., 27. 21, 1874 ; H Siebock, Bcand. Arch. Physiol, 21. 368, 1009 ; G. Tammanu 
and G. J. R. Krige, Zeii. anorg. Chem., 140. 179, 1925; U. 0. Knosor, Ann. Physik, (4), 79. 
585, 1026 ; 8. J. Gregg, Joum, Chem. Aloe., 1404. 1027. 



mTBOGEN 


403 


H. Da'vy, JRataniku Chmka^ ami Fhilowphxcal, thUfiy tonrminy ^tlrou# Oxidt, or 
Dtfhlmdiwfii VitrouB Air, atul ita Btipiroixm, London, 1800 ; G, Kinch, ZcU, pKys. Chm,, 
96. 471, 1D20; J. R. Deiman, P. Nieuwlaad, N. Blondt, A. Lauworcnburch, and P. van 
'J CrelVeAnn,, Mim, Savava £(rang., 1. 101, (1796) 1B06 ; A. Jm^uerod and S. Bogdan, 

Itend,, 189. 40, 1904 ; E. H. K^uer, Amer, Chtm. Jtmm,, B. 92. lR86 ; J. U. ThomlinRon, 
i% HI. Nrtps, 06. 60, 1007 , 90. 200, 1900 ; T. Langmnir, Journ. Jnd, Eng. Chm., 12. 3B6, 1020 ; 
A, 0. BanLinr, Proc, Roy. Sor., 98. A, 369, 1921 ; G, Is Bas, C%in. Nem, 111. 113, 1915; 
}). fhMi<^tnck, »6., 127. 241. 1923; J. L. Gay Liissac and L. J. Tht^nard, Rfchfrche/i phyako^ 
Bans, 1. lUti, ISll ; L. Paubng and S. B. Hendricks, Joum. Amer. Chein. Roc., 48. 
fUJ. 1020 ; K. A. Hofmann, her., 69. B, 2(M, 1026 ; A. W. C. Henzies, ATafvrr, 107. 331, 1921 ; 
.f. 11. Viirtingtiui. i/i., 107. 172, 1921 ; A. 0. Rankino, i6.. 107. 203, 1921 ; W. T. HaU, Rcicnve, 
(2), 50. 209, 1919; W. A. Noyes, tb., (2), 48. 175, 1919: A. K. Gxley, Naiurr, 107. 652, 
Ji|2l ; G. D. Niven» Phi. Mug., (7), 8. 1314, 1927; M. L. Huggins, P/iys. (2), 29. 108G, 
11)26 

M. Borlliclnt, Compt. Rend., Tl. 1448, 1874; L. Maqupnno, tb., 121. 424, 1H9.6; 
A. Joqnnrnd siul S. Bogdan, i5., 139. 40. 1904; E. Briner and A. Wroczynsky, ib., 1^. 1324, 
1910; 0. Winkler, Lehrbuch dcr technkchn thiaanaly^r, Freiburg, 1901; G. T. Kemp, f'Atw,. 
A PI/'S 71. lOS, C. Ganger and V. Meyer, Pyrorfimische Unteraitchungcn, Braunschweig, 
65, 1886 ; Al. A. Hunter, ^^i7, phi/',, f'hen., 53. 441, 1906 ; C. N. Hin>ihelwood and G. B. iMtiiurd, 
Proc. Hog. Roc., 108. A, 211, 1926 ; JoMtn.. Vhem. Roc., 127. 327, 1925 ; G. N. UinshHwood and 
J!. K. Bulk. Pror. Roy. Roc., 106. A, 281, 1924 ; C. N. HinshcJwood and 0, W. Tbomton, Phil. 
Mug., (0), 50. 113!), 1926 ; A. Goitz, Pyrojtnc Rcakiitn in der Iloclxapannvng^flammr, Miinchen, 
J'l()5 ; E. Briner, i\ Meiuor, and A. Knthen, HcMiea Chim. Acta, 9. 400, 1926 ; Jentrn. i him, 
Phj/i., 23. GOO, 1036 ; F. A. Gonstallc, Nalare, 117. 230, 1926 ; 1). Berthelot and H. Gaudeibon, 
r imiit. ib ud., 150. 1517, 1910 ; E. J. Ibivion, Vranv. Fnradtty Roc., 21. 543, 1925 ; S. iS. Jo&lu, 
ifi., 23. 227, 1927; E, Wouitze], Lr iitidnnn, 11. 280, .'i32, 1910; R. i\ Tolmon, Jovrn. Anitr. 
('htiH. Roc., 47. 1524, 1925; S. Hushnun, tb., 43. 410, 1921 ; J. Priestley, Ajrpcrgmmtv a/id 
Ob'^ni'iifioin on Diffirevt Kind\ of An, Binninghani, 2. 64, 1790; W. E. Grove, Phil. Trana., 
137. 1.17, 1847 ; Phi/. Jf/rr/., fit). 8l. 2(). 91, 1847 ; H. Buff and A. IV. Hufmann, Lubig'a Ann., 
113 137, ISOO ; M. Bf'il lie lol. Rn/l. Rni . f7iiui„ (2), 26. 101, 1876 ; E. Warburg and E. Kcgcner, 
iSi/btr. Atad. Jkr/in, J22M, lOlM : ( . MiIIji-i, Jifcherc/uf aur la deiom/iosifion Ihcn/uqiie du 
profrjti/tff ff r/r roii/dc PuiOfr, Geii^vc, 1026, S. Uebida, Journ, Jnpan. Roc. (hfm. Ind., SO. 

ni, 1027. 

I. Prifstley, Ejcpmmfnis and Ohermfiona on DifftrenI Kinds of Air, London, 1774; 
Bnmiivb^m, 2. 51, 1770; IT. Davy, Rf'ifarehea Vhmical and Philoxoplucal, chiefly conarning 
hiiroifs Oiith or liiphtoqislimlrd Nitrous Air, London, 1800; W. Henry, Mem. MumhuUr 
Lit. Phil Roi (2), 4. 400, 1K24 ; Phd , 24. 200. 344. 1824 ; T. I'humROn, Ann. Phil, 8. 

87. ISIG ; 15. 227, 1S20 ; 16. 2fi2, 1821 ; 18. 120, 1822 ; 24. 203, 247, 1824 ; J. W. DnlH-remcr, 
Rc/i\i(ighr'i> Jonrn., 63. 47G, 1831 ; P. Tlu^uard, Ann. Vkwi. Phy^., (2), 14. 5, 1820 ; A. J. Balard, 
Ann. t'/um, Phys„ (2), 57. 226, 1834 ; 7'nyTnr’s Rcunhjir iMtmoirA, 1, 2(»7, 1837 ; P, L. Dulpng 
an 1 h. .1. '1 lifimrd. r’Ai/a. 7Viyy.. (2), 23. 440. 1823 ; (2), 24. 380, 1823 ; Ann. Phil, (2). 
6 37(), 1023 ; Phil 3/m/.. 62. 282, 1823 ; J. J., Gay Lussau and L. J. Th(^>narcl, Ann. tVum. 
Phy (1), 75. 00, 1810; F. Kulilmann, Pinghri^ Journ., 211. 24, 1874; lAcbnfa Anyi., 
29. 2S4, 1839 ; Pompf. RtntL, 6. 1117, 1838; M, A. Hauler, Ziii. 2thy\. Chm., 53. 441, lOJ.l, 
Jniirn. Phgs. t'/uin., 10. 330, lOOQ ; (\ Mmitemartini, Rnid. Accad. Limit, (4), 6. li, 263, 1800, 

H. Kl. l\ DeMlle and F. AVohlcr, Conipl. Ihvd., 43. 1088, 1866; Ann. ( him. Phyn., (3). 52. 63, 

JR68; P. Nabatiei and J. B. Mejidenms, ( owpf. Rtnd., 120. 618, 1212, 1805; 135. 278, 1902; 
liull Roc. f him., (3), 13. 870, 1805 ; J. J. Berzelius, Lphrhvch der (%mu, Dicsdeii, 1. 222, 1833 ; 
G. Cbrviirr, Pomjd, Rmd., 69. 136, 1869; A. Juannis i6., IIB. 793, 1894; M. Bertlielot, ih., 
77. 1448, 1874; Al. Beithelol and P. Vieille, Ann. ihm. Phga., (6), 2B. 289, 1883; 
M. rinibelol and H. Gaudeiiioii, Cmpt, Htnd.., 150. 1617, 1910; J. Pexsoz, iA., 00. 443, 036, 
1866; II. Moiiisan and P. LrlKMU. ib., 140. 1673, 1906; J. B. A. Dumas, ib., 27. 4l»3, 1848; 
Ann. fhm. P/iys., (3), 31. 113, 18.51 ; Journ. Phurin. f him., (3), 14. 441, 1848 ; J. A. W niiklyii 
and W, .1. CuojHT, P/ul Mag., (6), 6. 288, 1873; P. T. AusU'n, Amer, ('him. Journ., 11. 172, 
1S80; F. llaschig. Her., 20. 584, 111.3, 1887; 0. vnn Duniieichor, Akad. IVicn, B2. 

660, 1880 ; A. W'agncr, Zcil nnol Phrw., 21. 274, 1882 ; V, Kohlscbutter and K. Vogdt, Rir., 

88. 1410, 2992, 1906; C. Friedheiin, lA., SB. 2362, 1905; H. B. Dixon, PAiL Trane., 1B4. A. 
.07, 1803 ; I'/irni. Xnrs, 64. 7U, 1801 ; U. B. Dixou and \V. F. Higgins Mim. J/f/nc/udcF hit, 
Phil Roc., 71. 3, 1927; Fvd, 6. 232, J1I27; H. B. Dixon and J. D. Peterkin, Journ. V^in, 
Rot., 75, 613, 1890; j. 0. Katterer, lAibig'a Ann,, 54. 254, 1845; Pvgg, Ann., 62. 132, 
1844; C- WiukiiT, Lfhrhueh der iLchuuchen Oaaaiinlyac, Freiburg, 1()01 ; 0. T. Kemp, Chem. 
AVii'a, 71. 108, 1893; \V. Hempel, Btr., 15. 903, 1882; E. Schroder and G. Tommann, Zeif, 
onvp, Vhm,, 12B. 170, 1923; A. Stavenhageu and E. Scbiicbard, IStr,, 43. 2171, 1010; 
P. A, Guye and F. SchnoMbT, IJdvcftea Chim, Aeta, i, 33, 1018 ; M. Goblons uid J. K. Bernstein, 

P/iye, Chem,, 29. 7511, 1925; J. R. Dciinan, P. van Troustwyk, A. LnuwerenU^rg, and 
vy. Violik, Rchweigger'a Journ., 7. 260, 1813; K. A. Hofmann, W. Linnmami, H. Galotli, 
If. Hiigcnest, and A. Hofmann, Bcr„ 59. II, 204, 1920; W. K. Ilutrhiaoa and C\ N. Hiiisbel- 
wood. Journ. Chm. Roc., 129. 1656, 1926; G. N. Hinshelwood, Proe. Roy, Roe., 106. A, 292, 

1 "a* / ' Hinshelwood and R. £, Burk, ib., 100, A, 284, 1024; M. L. Nichols and 

I. A. Dei bigny, Journ, Phya, Chem., 80. 491, 1926; L. E. Alilbgan, t5., 28. 544, 1924; 



404 


INORGANIO AND THIOBBTIOAL OHEHISTBT 


L. H. Milligan and G. R. Gillette, ib., 28. 744, 1924; W. D. Banoroft, A., 28. 476, 1924; 
N. R. Dhor. tb., 29. 142, 1025 ; M. Vohhn% and J. K. BernateiD, ib., 29. 760, 1025 ; B. Kenmann, 
Znt. jihy'i. Chem,, 14. lO^i, 1894; F. Fascali Synthhses et mtaiym induMriclUs, Faria, 346, 1B24 ; 
H. S. Taylor, H'rana. Faraday Sac., 21. 5li0, 1025; L. Diipaic, F. Wenger, and U. Urfer, 
helvtlica rhtm. Acta, 8. 000, 1025 ; H. 8. Taylor and A. L. Maiblmll, Joum, Phys. Vkm., 29. 
1140, 102 j ; A. L. Marshal], A., 29. 842, 1925; W. P. JoribHon and B. L. Ongkieliong, Brc. 
Trav. ( %vu Pays-Ba&, 45. 663, 1026 ; W. F. .lori'<-^n, tVtrm. A r u ^ 138. 200, 102G ; E. J . B. WiUey 
and E. K. Ridoal, Joum, Vhem. Sac., 6^, 1927 ; G. Lunge, liir., 14. 2168, 1881. 

H. Daty, BeaeartiKes Chemical and PKxloaophxcal, ehiejly concerning NUroua Oxide or 
IhpMogtAticaivd Nitrous Air, and Us Bespiraium, London, 1600; L. Hermann, Mullers Arch., 
521, 1804; A. W. ilofmann, Ber., IS. 2656, 1882; F. Bert, Compt. Bend., 87. 728, 1878; 
F. Jolyeb and T. Blanobe, ib., 77. 69, 1873; F. Hatton, Joum. Chem. Soc., 89. 247, 1861; 
W. Rnop, Die Krvtblauf dtt Staff (% Leipzig, 1* 86, 1868; G. Card one, BrugnaieUt's Jown., 
8. 144, 1825; Journ. Chim. Mid., 2. 132, 1820; L. J. 'J'Henard, Traiii Uimeiuairc ihiontigue 
rf prdtique, Faris, 8. 620, 1816 ; J. L. Fiuubt, Jouni. Phys., 55. 344, 1802 ; C. Baakorville and 
R Stevenson, Journ. Ind. Eng. Chem., 8. 579, 1011; M. Nnaabanm, Pharm. Cenirh., 15. 15, 
1874; ('. Wiiiklor, DingUr's Jovnu, 231. 368, 1879; H. Wieland, Arch. Exp% PoJk* Pharm., 
82. 96, 1022 ; J. Bock, %b., 75. 43, 1913. 


§ 88. Hyponitrom Add 

The rnduciion oi nitrites and nitrates to ammonia readily occurs in alkaline soln. 
For example, if an excels uf sodium or potassium hydroxide be added to nitric acid, 
the suit is reduced to ammonia by sodium. Intermediate produrts are fornuMl 
during the reduction of the nitrate to ammonia. Thus, in 1861 , t\ F. Schoiibein ^ 
observed the formation of a nitrite when sodium amalgam is the reducing agent, 
and with the same reducing agent P. dc Wilde obtained nitrous oxide, aminonia, 
and nitrogen as final products. Some years later, E. Fr^my, and E. J. Maumcne 
found what was considered to be hydroxylaniine among the products of the 
reduction— ‘B result confirmed later by £. Divers and T. Haga. In 1671 , E. Divers 
discovered the hyponiirites among the products of the reduction, and he also 
confinned C. F. Schonbein’s observation, for he found a comparatn cly large 
proportion of nitrite was sometimes formed during the reduction of nitrates by 
sodium amalgam. In a general way, E. Divers found that nitrous oxide, N^O, 
nitrogen, hydraxylamine, NH2OH, ammonia, NH3, sodium hyponitiite, Na2Nj,U2, 
and sodium hydroxide were always formed during this reaction : 

HO-N^O, IIO-N=n HO— N HO-NHa N=H3 

110 — N= 0 , HO-N --0 ^ no— N HO— NH, ^ Nzill, 

Kllrliracld. Xitroua arid, HypnniirouJi acid. ]l>dr[)x>lamliir. Aniiuntila 

The formation of nitrous oxide and nitrogen is probably the result of secondary 
or concurrent reactions. According to W. B. Dunstan and T. B. Dymond, the 
first product of the reduction of sodium nitrite is the hypothetical sodium deriva- 
tive of (hhydrojcyamrn/fmia, NH(OH)2, thus: 2Na-|-2H20+NUN02-»NaN(0Il)2 
ri 2 NaOH ; wliich then condenses to form sodium hyponitrite: 2NaN(OH)2'^2I]2G 
-I NagN^Og ; or, 

IlO-N 0 HO-NH(on) HO-N 

HO-N 0 IIO-NH(OH) HO-N 

Nitrous add. BlhydrozyaminoDla. Hyponltroiu add. 

The dihydroxyammonia has not been isolated, and it may or may not be an 
ephemeral intermediate product. W. B. Dunstan and T. B. Dymond consider 
that the nitrogen formed in the reduction is the joint eiTnct of hydroxylamine and 
dibydroxyaniraonia : NHgOH-fNHfOHJa-^Ng+SHgO. The relative proportions 
of the reduction products vary greatly within well-defined limits from a maximum 
down to ahnost aero. 

A maximum yield of hyponitritec — eq. to about one-sixth of the total nitrogen 
—is obtained by using an excess of amalgam, with a cone. soln. (1 : 3 ) of sodium 
nitrite, at a temp, below 100^ ; a maximum yield of hydroxylamim — eq. to about 
9 per cent, of the nitrogen in the nitrite— is obtained by using a dil. soln. (1 ; 50 ) 
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of sodium nitrite, and keeping the solo, above the amalgam well agitated ; to obtain 
a mazinmm yield of nitrous oxide, the soln. should be kept cool ; and for a mazunum 
yield of nUrogent the temp of the soln. should be high ; a cold soln. also favours 
the formation of ammonia. Hot dil. soln. give little else than ammonia and 
nitrogrn. So long as any nitrite is present, no hydrogen will appear— except 
possibly with very dil. aq. soln. 

Ill IBOO, II. Davy prepared what ho believed to bo tlie potasRiiim salt of nitrous oxide 
by exposing a mixture of potassium sulphide and hydroxide to nitrous oxide. The sulphide 
was convolved into sulphate, and by solution and crystallizalioii at a low temp , ho obtained 
the compound min^led with very little potassium carbonate and still Idss sulphide.*' 
Tlio product evolved nitrous oxide when heated, or when treat ofl with carbon dioxide, 
of bulphuric, hydroclilorie, or m'tric acid. H. Hess also obtained what may liave been 
Filvor hyponitrile, by heating barium nitrate, and treating the product with silver salt, 
and decunipofting some of the crystals thus obtained by water. 

The preparatUni ol the hjponitrites.— M. L. Nichols ami I. A. Dcrbigny postu- 
lated that uitrous oxide in soln. forms hyponitious acid : N20H-H20’=-(I£N0)2. 
The several reactions in which hypouitrites are formed can be grouped as follow : 

( 1 ) The reduction of nitraivs, niiriU% or nitric oaride,— In 1 B 7 J, E. Divers found 
that when a soln. of sodium nitrito or nitrate is treated with sodium amalgam, 
the nitrite or nitrate is reduced to sodium hypnnitrite : 2NaN02-fL^H] 
- 11l20-|-^U'2^2^2- should then be treated with yellow mercuric oxide 

to destroy the hydroxylamiuc, and filtered. The alkaline liquid is neutralized 
by aeetie arid, and, when silver nitrate is added, a precipitate of flilvor hyponitrite, 
^ formed, E. Divers prepared sodium hyponitrite by the following 

pnness : 

Siirliuiii nitrite in diHbDlvcd in 3 times its weight of water, and 3 gram-atoms of sodium, 
in the form of amalgam, por mol of sodium nitrite added in gmall quantities at a time 
'J'he liquid is cooled during tho operation. TJie last quarter of the amalgam is aridod 
lapidJy, and the flask removed from the cooling bath and agitated. Tho whole is then 
violently agitated in a stoppered bottle until a drop of the dil. soln. gives with a drop of 
silver nitrate and on excess of dil nitric aci^ no blacliening due to hydroxylamine. llie 
fiUered soln may smell of ammonia, and this can be removed by exposing the liquid in a 
dish over sulpliiiric acid and under reduced press, for a few hours. The liquid is now a 
rone. BolzL of sodium liyponitrite and hydroxide. The filtered soln. when kopt at 35**- 
3U*' in vacuo over sulphuric acid wiU deposit the h 3 rpomtrito in Brysialline granuloB ; if ttie 
toinp bo below 13°, hydralod sodium hydroxide may be doposited. Tlie hypouitrito msy 
Lip alhO [inH'ipitated from the boln. by tho addition of a large proportion of alcohol. 

W. Zom proforrod to use barium nitrite because it is more readily obtained in a 
state uf purity. 8 . M. Tauatar said the yield is improved if a liquid sodium amalgam 
is onipluyed. A. Haiitzsch and L. Kaufmanu found that a 6-7 per cent, yield of 
silver hyponitrite is obtained if an excess of sodium nitrite be always present. The 
above process was used by F. de Wilde, and D. H. Jackson. W. Zom, and E. Divers 
and T. Haga obtained the hyponitrite when nitric oxide is reduced by an alkaline 
snln. of stannous chloride: Sn(0K)2+2K0H+2N0=K2Sn0ij+Il20+K2N202 ; 
W. R. Dunstan and T. S. Dymond, when an alkali nitrite or nitric oxide is reduced 
by freshly preciiiitatod ferrous hydroxide suspended in dil. alkali-lye ; B. Divers 
and T. Haga, when hyponitiososulphates are reduced by sodium amalgam; 
F. C. Ray, when mercuric nitrito is reduced by potassium cyanide : 
Hg(N 02 ) 2 +KCy=HgN 202 + 2 KCy 0 — E. Divers had some doubts about this 
reaction ; Q, Roederer, when nitric oidde is passed into a soln. of strontium in liquid 
amiuonia, a gelatinous precipitate of strontium hyponitrite is formed which appears 
an a white powder when the liquid ammonia vaporizes ; J. A. Joannis obtained 
a similar conversion of sodammonium and potassammonium by nitric oxide ; 

Wpitz and W. Vollmer recommended a soln. of sodium in pyridine ; 
2Na(05H5N)2+2NO=iNa2N2O2+4C5H6N ; and W. Zom, when alkali nitrites are 
reduced by cdectrulysis with a mercury cathode — 6 .p., barium hyponitrite is formed 
by the oloctrolysis of a mixture of equal parts of sodium nitrite and barium acetate 
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Tritb 12 timPB its weight of water. The reported redaction of nitrites to hypo- 
nitrites, by A. E. Menke, by fusion with iron-filings was denied by W. Zom. 

(2) The condensation of hydroxyhmine or of iU dorivaims with nUfoue 
add,— The sodium or silyer salt of nitrous acid is usually employed with 
hydroxylamino chloride or sulphate ; the fundampntal reaction is symbo- 
lised; NIl20H+HN02=H2N202+Il20 ; there is also a secondary reaction 
resulting in the formation of nitrous oxide: NHgOH+HNO^- =N20-|-2Il20. 
B. M. Tanatar warmed potassium nitrile with hydroxylaminc chloride at 50° in the 
presence of calcium hydroxide ; the precipitate was decomposed with acetic acid ; 
and the chloride and hyponitrite in the soln. were separated by fractional pre- 
cipitation with silver nitrate. A. Thum used sodium nitrite, and C. Paal used 
silver nitrite with hydroxylamine chloride ; while W. Wisliceuus used hydroxylaioiue 
Bul]ihate with sodium nitrite. A. Hantzsch treated a indhyl aicohulic suln. 
of free hydroxylamine with nilrous acid or with nitrous fumes (N2O3). A soln. 
of hydroxycarbaminic acid, I10.('O.NH.OH, in methyl alcohol also gives hypo- 
nitrous acid when treated with nitrous acid. L. W. Joni's and A. W. Scott obtained 
soilium byponitrito by mixing alcoholir soln. of sodium ellioxide (corresponding 
with 6-62 g. of sodium) and of hydroxylamine hydrooliloride (20 g.), cooling, 
filtering, adding sodium ethoxide soln. (corresponding with irj-4 g. of sodium) to 
the filtrate, cooluig again, and distilling the calcuktcd amount of ethyl nitrite 
dirertly into the mixture. The sodium salt is prccipitateil (yield about 13-3 per 
cant.). 

(3) The oxidniion of hydroxylftmine or its derivatives.^ B. B. Kolotoll found that 
hydroxylamine, NII2OII, can be oxidized by treatment with sodium liypobromite ; 
A. Thum, liy mercuric or silver oxide, or with an alkaline sulii. of copi)cr hydroxide ; 
and 0. Piloty, by treating hydroxylainme with beiiziuie sulidionic chloride, 
(JoHj.SOg.Cl, whereby bcnzsulphohydroximic acid, ( oT[5.8()n.Nir.()lI, is formed, and 
this, when decomposed by treatment with potassium hydroxide, furnishes polassiurn 
salts of benzenesulphinic acid, CSII5.SO2II, and hvponitruiis arid, iI.tN.A)>> ; 
2C3HgS02(NII0H)+4K0H=:4n20+2UeIl5S02+KoN202. A. Kirsclmer used the 
following process : 

Fifty grains of hydroxy laiuino disulphinatci— prepared by the ortion of snlplnir dioxiJo 
0 x 1 a soil!, of Hodiiim nitnti)— am dis^olvod m 35 e r. of boiling water. Tho soln is cooled 
by ice, and, while keeping the temp ijolow 30” it is mixed with lU c.e ut a cmicontrali^d 
solution of sodium hydroxide (1:1), and 90 c.c. more alkuli-l> r is llien added. The inixtur 0 
IS heaU^d to about 50*' for 30-45 minutes, and pourod info a htro of whIdi'. Tlio imdeuciiii- 
pDsnd dihiilplinnate and hydroxylamine are destroyed by adding yellow mi^rciirif uxiile. 
and the clw filtered soln. is made up to four htros and trenled with silver nilrulo ho long 
as the light yellow silver hyponitrite jh precipitatucL The pivcipilato Is wusljvd w ilh wsrui 
water until it is irro from acid. 

(4) The hydrolysis of certain ofiffnnido-compounds.- -K. Divers and T. ilaga 
showed that hydroxylainido-mounsulphoiiic acid, lIO.KHJlSOs, and its salta 
are hydrolyzed by alkaline solii., forming a 8ul])liiie and hypoiutrile: 
2(HO.NH.ILS03)-|-6K0H-^6H20-|-2K2R03+K2N2O2. The hypoiiitrito is oMaiued 
by the following process : 

Into a round boltomod, 250 c.c. flask place IS-K griiis purified sodiuiii uifnlc, 10*6 
of anhydrous sodium carbonate, and 58*5 gnns water. When all is dissolved by 
warming the flask, cool in a mixturo of ice and salt, and pass xulphur dioxide thinugh tlio 
soln until the soln. is acid to litmus. Add 0*1 c c. of BuJ))huiie acid still keeping the temp, 
below 0^ BO as to convert the nitrile into hydroxiiuidnBulphonate--Bt higher lemp. soma 
nitrilosulphonato is formed. A strong current of air blown tlirougli the liquid will remove 
any sulphur dioxide or nitric oxide present. Warm the soln. to SO** and put in a warm 
place for a day with the flask corked Complete hydrolysis to hydroxyamidnaulphonate 
oecuni without the formal ion of hydroxylamine. Add 10*8 f^ins. of sodium cailumale 
to neufralizo the soln, wanning the mixturo if niscossary to dissolvu tJio salt Transfer 
the liquid to a 6U0 c.c. basin; crush 130-165 grms. of potassium hydroxide m a warm 
mortar, and grind and dissolve in the liquid in the basin. Let the mixture stand in a 
warm place for 30 hra. ; if kept over 60 hts. the quantity of hyponitrile Bonsibly diminiahea 
JThe hyponitrite can be converted into the silver salt so as to separate it from otlier salts 
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in soln I and the aUver hyponitriie afterwarda converted into the sodium salt by means 
of sodium iodide. 

A. IlantzBch found that when dimethyl-nltTOBo-hydioxj-carbainidc, 
((JH3)2N.CO.N(OI1 )NOj or isonitiaminecaih^inide, is hydroly/ed by alkali-lye at 
\)\ dimethylaminp, carbon dioxide, and alkali hypocldorite are formed. A. Hantzsch 
and A. Sauer also treated hydroxycarbamide, or dimethylbydioxycarbamide 
With nitrogen irioxido fumes, and saponified the nitrosQ-dorivatiyes with alkali- 
Ivi'. Sodium hydroxide, or sodium cthoxide, was found by II. Wieland to convert 
btyrcnep8eudoDitro8ite,N2O2(ClIO0H5.CH2.NO2)2, into a mixture of benzaldehydc, 
iiitTomnthane, alkali hyponitriie, and a little nitrous oxide. It is supposed that 
IIjp bisnitToso-group is first eliminated prodacing sodium phenylnitroethanol, 
()(^.H6.CllCsH6.CIl : N02Na, which further decomposes into benzaldehyde and 
boifiuiu niiromeihane. 

The isolation ol the free add.— Although E. Divers prepared various salts of 
hyjioiiitrous acid in 1871 , and W. Zorn prepared the esters — eq. dielhyl 
hjfpoinlnle, (r2li6)aN202"“i^ 1 ^ 79 , anhydrous hyponitroiis acid, H2N2O2— also 
called hyponitrosylio add— was not isolated until 1896 , when A. Hantzsch and 
L Kaufmann obtained it in white crystalline plates, by evaporating the clear 
holii. obtained by treating silver hypomtrilc suspended in diy ctlwr with a soln. 
of hydrogen chlurido in dry other. Aq. soln. were made by J. U. van der Plaats, 
lu 1877 , by treating the mIvci salt susj»endcd in water, viith hydrogen sulphide, 
livdroi'lilonc, pliosjihoric, or acetic acid. When an attempt is made I0 concentrate 
llie ar] floln., it decomposes info water and nitrous acid ; ir3N2n2-»N20+ir20. 
ir the dry salt be treated with hydrogen sulphide, the liberated acid is at once 
ileccmipo^ed. 8 . M. Tanatar obtained a soln. of the acid by treating the silver salt, 
under ether, with hydrochloric acid; on evaporating off the ether, a yellow oil, 
^luuh did lint solidify at — 19 ®, was obtained. This oil was probably a cone. aq. 
floln , and it often cr}'stallizeil when allowed to stand in a desicealoi under reduced 
press. When the attempt is made to isolate the acid by the action of hydrogen 
Bulplude on silver hyponitritc, an explosive decompowiiun occurs. 

The properties of hyponitrous add and the hyponitrites.— Tlie acid forms white 
crystalline plates which arc ho unstable that it has not been analyzed The solid often 
ixjilodis spout aneoualy, and also by friction, and by mere contact with solid potas- 
sium hydroxide or acid vapours. The solid is readily soluble in water, in alcohol, 
ether, clilnroform, and benzene, but is only sparingly polublc in ligroin. Accord- 
ing to A. IlanlzBch and L. Knufjnann, the aq. soln. ««oon decomposes into water 
and int j uus oxide ; the decomposition is rapid at 25 ®, and very slow at 0 ®. J. D. van 
der Plaats said that if acetic or nitric acid be present, h)T)DnitrouB arid can bo 
boiled without dcconiposition. A. Hantzsch and L. Kaufmann found that the 
leaciion with water is not reversible, and when the rate of decomposition is followed 
by the usual methods, the results aic not in harmony with the equaiion for a uni- 
molfcular reaction, tZx/(?f-=Zr(o— x), requiied fur H2N202'^H20+N20, since a 
niimbei of disturbing side reactions simultaneously occur resulting in the formation 
of nitric and nitrous acids as well as ammonia. According to A. Hantzsch and 
L. Kaufmann, the decomposition of hyponitrous acid may occur in three ways : form- 
ing in the one case nitrous oxide, H2N202-=N30-l-ll20 ; in a second case, hydroxyl- 
amme, 3H2N202=2Nn30H f 2N2O ; and in the third case, ammonia, 
3 ll 2 N 208 ^ 2 NHjj+ 2 N 203 . If a reaction catalyzed the third reaction without 
affecting the first or third, ammonia would bo produced without the mediation of 
hydroxylumine. The electrical conductivity of hyponitrous acid shows that the acid 
IS of about the aame strength as carbonic acid, but, as E. Divers showed, it reddens 
litmus more strongly than carbonic acid, and the colour disappears when the litmus 
paper is dnod. M. Berthclot and P. Petit calculated the heat of formation of hypo- 
futiouB acid, in aq. soln,, from its elements to be — 54*7 Cals. The heat of forma- 
tion of nitrous oxide is — 20*6 Gals., so that in the union ol nitious oxide with water 
3 G ’8 Cals, of heat are absorbed. This quantity of heat is greater than the heat of 
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nentralization of hyponitrous acid, and consequently it is not to be expected that 
nitrous oxide can be converted into a hy}>oiiitrite by the action of alkali-Iyc ; but 
the decomposition of hyponitrites with the evolution of nitrous oxide should be 
easily efiected. 

An aq. soln. of hyponitrous acid slowly dccumposos into nitrous oxide and water. 
According to E. Divers, a soln. of one or two grams of acid in a litre of water, at 
0^, falls perceptibly in cone, in an liour ; and at 25^-30^, it may lose about 17 per 
cent, of acid in 24 hrs. A. Thum observed a suialler loss. Hyponitrous acid, 
said E. Divers, is oxidized by nitrous acid, and the stronger oxidizing agents. No 
way of deoxidizing or hydrogenizing hyponitrous acid is known. It resists attack 
by sodium amalgam, and, according to A. Thum, by tin and sulphuric acid. 
W. Zorn said that ethyl hy})onitritc is reduced to alcohol and nitrogen by tin and 
acetic or hydrochloric acid, but since the acid readily decomposes when moist into 
nitrogen, alcohol, and aldehyde, E. Divers suggested that the alleged reduction is 
nothing hut the hydrugenization of the aldehyde. A. Kii^chncr said that hypo- 
nitrous a<'id slighilv deeolnrizes iodine-water, but E. Divers showed that this 
is due to the presence of a trace of sulphite in the acid. According to E. Divers, 
and A. Thum, a soln. of the free acid does not li])(Tatc iodine from ])otossium iodide. 
A. Thum said that the acid neitlier oxidizes hydriodic acid, nur reduces iodine, 
but J. D. van der Plaats saiil tliat starch and potassium iodide test-paper ore coloured 
blue by hyponitrous acid. According to A. Hanlzsi^h and L. Kaiifmann, while 
the pure acid docs not liberate iodine from jmtassiuni iodide, the mixture liberates 
iodine after standing some time This i.s bccaiiM* tJie acid lirt^aks down not only 
into nitrous oxide aud water, ])Ut it also lornns some nitrous acid. Heme, a soln. 
of silver hyponitritc in couc. sulphuric acid gives the nitrous acid reaction with 
di}ihcuylamiiic and ferrous sulphate. .1. I), van der Plaats showed that cone, 
sulphuric acid di^eoinposes hyponitrous acid uiid its salts, forming nilrous oxidi* ; 
and A. Hantzsch and L. Kaiifmann stated that some nitrogen trioxide and aminunia 
are. formed at the same time: SH^NoOi^ - 2 Nir 3 -} 2 N 2 U 3 ; on the other baud, 

E. Divers, could detect only nitrous oxide aiul water in the products of the reaction ; 

aud A. Hantzsch and A. tSauer added that the nitrogen trioxidc and ammonia may 
have been derived from impurities in the hyponitrite. E. Divers doubts if nilrnub 
acid is ever produced in the sjiontaneouB decompo-sition of hyponitrous acid. 
P. r, Kay and A. V. Ganguli showed that hyponitroii.s acid decomposes 
simultaneously: n 2 N 2 U 2 =IlzOi"N 2 ^^i 51J2N2^2= IH 2 O ^ 2JlNO;j>| 

The pTcsenec of nitric, sul|ihuric, or hydrochloric acid may have a sjieoific diri'Ctive 
influence by favouring one of these reactions ; thus, the presence of sulphuric acid 
gives a larger yield of nitrous oxide. E. Divers found the hyponitrous acid de- 
composes silver carbonate aud possibly also lead and some other carbonates. 
There is no evidence that carbon dioxide can decomjiose a hyponitrite. 
Hyponitrous and decomposes silver suljjhate, nitrate, and chloride. A. Thum 
said that hyponitrous acid is very stable in the ]iroscnce of reducing 
agents. If a soln. of hyponitrous acid be treated with on^tic acid and zinc-dust, 

F. von Krackel recognized the formation of some hydrazine ; sodium hydrosulphite 
also reduces the acid to hydrazine, but not sodium amalgam. Acid or allmlino 
solu. of potassium permanganate oxidize hyponitrous acid ; A. Thum said that in 
acid soln. nitrons acid is formed, and in alkahne solii., only nitrons acid. A. Eirsohner 
observed that only one gram-atom of oxygen is eonsunied per mol of hyponitrous 
acid. Bromine, and hypoehloiites also oxidize the and. M. (kiblens and 
J. K. Bernstein found that when silver hyponitrite is added to an acid sob. of 
titanous chloride, it is u^duced to nitrous oxidi^ but no ammonia is formiul ; and when 
the silver hyponitrite is added to an acid soln. of stannous chloride, hydrozylamine 
is formed. Hence, in the reduction of hyponitrous acid by titanous salts, gases 
may escape before the reducing agent has a chance to do ita full work. 

The cemstitation ol byponitroiu adL— Hyponitrous ooid is dibasic. This is 
illustrated by the mol. wt. determined for the acid by f.p. methods by A. Hantzsch 
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Hud L. Kaufmmm ; for efhyl hyponitrite, by W. Zom ; and for ths sodium salt, 
by E. Divers. The dibasicity is farther ilfustrated by the formation of two 
tjerit^B of salts : the normal hyponitrites, the acid hyponitrites or 

hydrohyponitrites, BHN2O2. When an aq. soln. is titrated with alkali, using 
phenolphthalein as indicator, the red coloration appears when but half the quantity 
nf the base required for the normal salt has been added. These formulse are also 
in accord with the analyses. M. Berthclot and J. Ogiet’s aualyses— Ag4N405 for 
Ihc silver salt, and N40a for the anhydride — were probably made with impure 
materials. According to W. Zom, the reduction of diethyl hyponitrito with sodium 
amalgam, or tin and hydroctiloric acid, furnishes alcohol with some aldehyde : 
(nijH6)iiN202 l-Hg— N2+2C2H6OH— wife supra. This is taken to show that the 
olliyl groups are not directly attached to the nitrogen atoms but have intermediate 
oxygen atioms, C2n6.0.N : N.O.C2II5, otherwise some amine, C1JII5.NH2, or imide, 
(( yiOe • NIf, would be formed. Ilcnce also the free acid is probably IIO.N : N.OH, 
rormspimding with the substitution of the bivalent oxygon of nitrous oxide with 
two uiii valent hydroxyl groups. This constitution is also in agreement with the 
assumption that liypoiiitrous acid is a iiazohydroxide, A. Hantzsch argued that 
bncaiise nitramide, NII2.NO2, is obtained by the hydrolysis of nitrocarbamic acid, 
NOa.Nll.CUOTl, that is, lIO.CO.N^Ogll, and hyponitrous aciil is a luoduct of the 
hydrolysis of iBonitraTninecarbamide (UIl8]2N.C0.N202lf, as indicated above, 
therefore nitrannde and hyponitrous acid have a similar structure : 
IJO— N- N- OH. Owing to the greater ease with which nitraniidc and its salts 
break down with the evolution of nitrous oxide, A. Ilant/sch also argues that 
iiitraiiiide in the syn-acid, and hypfinitrous acid is the anli-acid. CiTtainly, the 
arid character of nitramide is in strong contrast with the other inorganic amiiles, 
and the fact that it breaks down into nitrous oxide loaves its strurtural identity 
with an assumed amide of nitric acid, viz., U^N.NQ.^, an open question. Tt is there- 
fore conceivable that the molecule may have two different structures rcprescnt(*d 
graphically by 

N Oil N-OH 

II ^ II 

BO-N N-un 

\ntl-furm. Syii-foTiD, 

This means that with our present system of re))resen1ing the composition of com- 
pounds, the hydioxyl groups in hyponitrous aciil may lu* dispcised on the same 
Mde of the molecule — the sht OF cis (cis, on this side of) type ; or on opposite 
sidt'B of the molecule— the anti OF trans (trans, across) Evidence of the 

liosbible existence of organic derival es of three types are known ; 

(VI5 -N rjTfi -N CbIIs— N-R 

R--N N— R N 

i9//n-rnii/o-ri)inpDnad!i. itfiCi-diazo-compouiula. Dlaroiilum-miuptiiindq. 

The dehydration of the syu-foriu nf hyponitrous acid is supposed by A, Hantzsch 
to furnish nitrous oxide. II. Ilenstock gave for the electronic structure : 

+ - 1 f -- 4 

111 the analytical detcTuiinatinu of the liy]mnitriteB, W. Zom treated soln. nf 
tlio free acid, or of its salts in cold dil. nilne acid with an excess of silver nitrate, 
and just neutralized the free acid with ammonia or sodium carbonate. The washed 
and dried pn*cipit4ite was weighed as silver hypniiitritc, or weighed as metal or 
chloride. A. Thum treated the aq. soln. of the acid wilh an excess of a soln. of 
permanganate, and in 16 minutes added sulphuric acid ; after standing fur another 
hour the soln. was warmed to 30“, and treated with a known quantity of O'lN- 
oxalic acid sufficient to decolorize the permanganate. The excess oxalic acid was 
determined by permanganate titration. A. Hantzsch and A. Sauer, and 
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A. Eirsclmei did not obtain good reanlts by tbe permanganate prooesa, as E. Divers 
showedp bnt they did not follow A. Thum’s directions closely. 


BrnRVRCES. 

' H. Davy. Rutarehu ChmiccH tund Ph\lt»oj\Utsal, eonBerniny Nitrous Oxide or 

DephlcgMcaied Nitroua Air, and iU Rafiration, London, 254, 1800; 157, 1830; W. Zorn, 
Die Unteraalpetrigesdwe und deren orgnm^chcn Dermic, Hoidelberp;, 1R79; Rer., 11. 1630, 
1878 ; 12. 1509, 1870 ; 15. 1007, 12/i8, 1882 ; A. Hantzsch and A. Saupr, 1*5., 80. 2.356, 1897 ; 
Liebig'e Ann., 8M. 67, 1898 ; A. HauiZBob and L. Kaufmann, i7i., 292. 3J7, 1896 ; A. Hantzsch, 
ib,, 292. 340, 1896 ; Ber., 80. 2356, 1897 ; 0. Paal, i6., 26. 1026, 1803 ; W. Wialic^nus, ib^ 26. 
771, 1893 ; H. Wieland, ib., 86. 2558, 1903 ; J. L. van der Plaata, tb., 10. 1507, 1877 ; F. von 
Braokol, ib., 88. 2116, 1900; £. Writz and W. VoUmer, ib., 67. B. 1015, 1924; 0. Piloty, ib., 
29. 1559, 1906; A. Thnm, Stidftr, Ahad, Wien, 102. 284, ]S93; 3ToruihL, 14. 2*J4, 1893; 
Beitrage tur Ktnntni^^ dcr unUri^alpf’iritfrn Sdure, Vraff, 1803; L. W. Jonos and A. W. Scott, 
/mim. Amer. CAam. iSm., 46. 2172, 1024 ; £. DiTcra, 7Voc. Roi/. Soc., 19. 425, 1871 ; Chm, 
Neufs, 23. 206, 1871 ; £. Divon and T. Hoga, ib,, 78. 313, 1698; Journ, L’hcm, Bor,, 46. 78, 
1884; 47. 203, 361, 1685 ; 65. 760, 188D; 69. 1610, 1896; 75. 77, D5, 1899; W. B. Danstan 
and T. S. Dymond. ib., 51. 646, 1887 ; P. (*. Ply, ib., 71. Ul, 1097, 1105, 1807 ; P. 0. Ray and 
A. C. Ganipili, tb., 91. 1399, 1866, 1907 ; S. S. Koinboif, Jourr^ Phye. Vhem, Soc., 28. 3, 
1890; S. M. TanaUr, ib., 25. 342, 18.03; Ref., 27. 187, 1894 ; 29. 1039, 1896; P. do VVildo, 
BuB. Acad. Bdg„ (2), 15. 560, 1863 ; Bull Chim, Soc,, (2), 1. 405, 1KG4 ; 0. Kocdcrcr, ib., (3), 
85. 719, 1906; D. H. Jackson, Proc. Chen, Soe,, 12. 21l», 1893 ; < hem, AVtr«, 68. 266, 1893; 
E. A. Mcnko, ib., 37. 27i), 1878 ; Journ. ( hem. Soc., 33. 401, 1878 ; A. Kirsthnor, Z(U. anorg. 
Chem., 16. 424, 1898 ; M. Beriholot, Ann. Chim, Pbr/o., (6), 18. 572, 1889 ; M. BcrLhrloL and 
J. Ogier, tb., (0), 4. 247, 18S3; Compt, Rend., 96. 30, 1883; M. Bcrilielol and P. Polit, ib., 
109. 92. 1889 ; E. Fii^my, ib., 70. 61, 1207, 1870 ; L. Miiqupnnc, ib„ lOB. 1303, 1889, 
J. A. Joanuis, ib., 118. 713, 1804; E. J. Maumeub, ib., 70. 147, 1S70; Cium. Acica, 25. 153, 
268, 1872; Thioric qinirule dc Vacfion rkimique, Paris, 2S6, IHKO; A. An^rli, Ailt Accad, 
Lined, (5), 10. li, 158, 1901 ; H. Herts, Pogj, Ann., 12. 257, 1S28; 0. F. Schunbein, Journ, 
prakt. Chm„ (1), 82. 231, 1861 ; (1). 84. 208, 215, 227, 1861 ; U, DcnnstiMlt anil W. (^ohlich, 
Chem. Ztg., 21. 867, 1897 ; M. Coblens and J. K. Bernstein, Journ. Phys, Chm,, 29. 750, 1925 ; 
M. L. Eiohola and J. A. Herbigny, ib., 80. 491, 1926 ; If. Henatook, ( him. News, 127. 241, 1923. 


§ 84 . The Hyponitrites 

According to A. Hantzsch and L, Kaufmann,^ if dry ammonia be passpil into 
the ethereal soln. of hyponitroiis acid, ammonium hydrohyponitrite, (NH4)IIN^02, 
or NH4O.N ; N.OII, is formed in colourless crystals which melt with turbulent 
decomposition at The salt sponianeouslv decomposes into ammoniA, 

nitrous oxide, and water. The salt ilissi lives in water with an alkaline reaction. 
Ammonium hypouitrite, NU4O.N : H.ONII4, cannot be prepared directly, but 

D, H. Jackson ( 1893 ) made it by treating silver byponitriie with an alcoholic soln. 
of ammonium sulpliide, and evaporating the filtered liquid in vacuo over sulphuric 
acid. Ammonium hypnnitritp furnishes long necdle-like crj'Htals rcatlily soluble 
in water and in alcohol. W. Zom, I), H. Jackson, W, Wislicenua, E. Divers, 

E. Divers and T. Haga, J. A, Joannis, and A. Hantzsch and L. Kaufmann prepared 
pentahydrated sodium hypouitrite, Na2N20n.r)JI.^0, by methods indicatud in 
connection with the acid. W. Zom also obtained it by the electrolysis of a soln. 
of sodium nitrate, or better, sodium nitrite, using a merrury cathode. The hydrated 
sodium hypouitrite occurs in small crystals ; and when deposited from a cone, 
soln. of alkali hydroxide, it has a granular appearance. The aq. soln. on evaporation 
in vacuo does not yield crystals. E. Weitz and W. Vollmor obtained yellow 
crystals of the ennedkydrate, Na2N202-9lT20 ; and they prepared sodium hypo- 
nitnte by the action of soln. of sodium or pyridine on nitric oxide. A. W. Scott 
prepared non-hygroscopic sodium hypontrite as follows : 

To a aat. boln. of 3*26 grms. of bydroxylamine hydrochloride in anhydrous ethyl 
alcohol at — 5^ ie added slightly more than tlie calculated amount of sodium dissolved 
in the least amount of alcohol. After filtering, 110 c.c. of anhydrous ether and 3*24 grms. 
of sodium in the minimum amount of alcohol are added to the sola., which is then cooled 
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to *6" and twice the calculated amount of either amyl or propyl nitrite added. After 
being kept at — 5 ° for 1 lioufi the sodium hyponltrite is collected, washed with alcohoh 
tliiui with other, and dried over sulphuric acid in vacuo ; the yield in 13*0 per cent. 

The anhydrous BDdilim hyponitlite, N14N2O2, is obtained by dehydrating the 
hydra to in vacuo. There is, at the same time, a slight loss of nitrous oxide. The 
product resembles magnesia alba. Heat is evolved when the anydrous salt dissolves 
in water, and it is insoluble in alcohol. The anhydrous salt only slowly takes np 
wnt er from a soln . of sodium hyponiirite. Heated in a closely covered veascl, it yields 
nitrogen and sodium oxide mixed with some nitrate: 7lNa2N202=2Nn-|'2Na20 
l’NaN02. The salt bears a heat of 300 ° without decomposing, and then melts 
and effervesces ; glass, platinum, and even silver aro freely attacked by the fused 
mass, and the prorluct hisses when water is added to it. Sodium hydroxide and 
nitrite are the e^olid products when the hydrated salt is quickly heated, and nitrous 
oxide, as well as nitrogen, is given oH. Cone, sulphuric acid decomposes the salt, 
with the ]>roductioii of odourless, white vapours, and no nitrosylsulphate is formed if 
the sodium salt is pure. The salt, or a fairly cone. sola, of it, effervesces with a dil. 
ai'id like a carbonate. It dissolves a little silver h}’^])onilritD and decomposes 
wl\er chloride. Dry soiliuin hypoiiitritc is not decomposed by rarbou dioxide, 
iiiid, since the hydrated or dissolved salt partly dccom]>oses by interaction with 
the Writer, its power of fixing carbon dioxide dues not indicate that it is directly 
(It'r ()ni])r)saliJo by that substance. The soln., when boiled, decomposes moderately 
fri'it into hydroxide and nitrons oxide. If allowed to stand for a day, a trace of 
iiitnte is fonnod. According to W. Zorn, A. Thuin, and A. Ilanizsch and 
b Kuufiiiann, the conductivity of the aq. srdii. decreases with time owing to the 
hvdiolysia. If llie free acid be neutralized with sodium hydroxide using phenol- 
plitlirrii in as indicator, the comimMlion corresponds with Bodilizn hydrohyponitritet 
NaJINjOj. The soln. readily decompohea into sodium hydroxide and nilrous oxide. 

Zorn. J. A. .foannis, E, Divers and T. Haga, and E. Divers prepared 
potassiam hyponitritei by the mclhods employed for the sodium salt 

ii.die.jteil in connection with the preparation of the acid. E. Divers said the 
preparation of this salt is less satisfaciory than is that of the sodium salt. 
Ihuassium hyponilrit-e can be precipitated inconijdetely from its aq. soln. in the 
niihvdious form by alcohol, and there is a Ions during the washing with alcohol. 
Ho iil.sn treated silver hypoiiitritc with the calculated quantity of potassium iodide, 
and nijiidly evaporated the soln, in vacuo, Bubseqiierit to precipitation by alcohol. 
Tlie hall, IB partially decomposed during these operations. The minute, prismatic 
ci^Mals of put.ibsium hypoiutrito decompose more readily than the sodium salt, 
but are stable if quite dry; they are soluble in 90 per cent, alcohol, aad sparingly 
soluble in absolute alcohol. E. Divers observed that aq. soln. of alkali hi^piuiitrites 
drcoinpose slowly into iiitrtius oxide and alkali hydroxide- gradually in the cold, 
rapidly when heated. Alkali hydroxides impede the decomposition, and if in 
eoue. boliL, stop it. The neutralization of the alkali by carbon dioxide hastens 
11 h* dccoiiiposition, but this is not due to the decomposition of the hyponiirite by 
the carbon dioxide. M. Berthclot gave fur the heat of neutralization (H2N202aq., 
SKUlIaq.)— 15-6 (’als. II, Htamm measured the solubility of the sodium salt in 
aq. nmrnonia. 

E. Divers prcqiarod the basic salt cupnc hydroxyhyponitrite, Cu^lOHlgNsO^i 
according to A. Thum. This salt was also made by S. S. Kolotoff, A. Thum, and 
A. Kirschner. It is obtained by adiling sodium hypnnitrite to a soln. of a cupric 
salt. The acid liquor so obtained deposits more salt when neutralized. A small 
quantity of this salt is prccipitat«ed when an excess of cupric sulphate is added to a 
soln. of hydroxylamine sulphate, and then a little ammonia. The sea-green salt 
ifl very stable ; it gives water, a mixture of cupric and cuprous oxides, and nitric 
and nitrous oxides when heated. The salt can be boiled with water without 
losing its colour, but it is decomposed by a soln. of sodium hydroxide. It is soluble 
in dil. acids and aq. ammonia. E. Divers tried unsuccessfully to make oaprou 
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byponitrite by treating sodium hyponitzite with cupric sulphate in the presence 
of free hydroxylamine. Cuprous oxide is first precipitated, and then by aerial 
oxidation, the basic cupric hydroxyhyponitritc is formed. S. S. Eolotoff olaimod 
to have made dihydrated cuprous hypemitrite, Ca2N202.2H20, by oxidizing 
hydroxylamine by sodium hypobromite, and treating tbe product with cupric 
sulphate, G. T. Morgan and F. H. Burstall obtained evidence of the formation 
of copper trisethylenediaininohjrponitritc, [Ou Bn3]N202i by the action of silver 
hyponitrite on copper in the presence of ethylenediamiue. E. Divers made silver 
hypooitrite, Ag 2 N£ 02 , or nitrosyl silvery as previously indicated. The salt was 
also made by W. &rn, J. D. van der Plants, H. Wieland, A. Hantzsch and 

L. Eaufmann, M. Berthelot and J. Ogier, 0 . Piloty, and E, Divers and T. Ilaga. 
The methods employed are indicated in connection with the preparation of the acid. 
P. Sabatier and J. B. Seuderens could not make it by the union of nitric oxide anti 
silver at any temp, tried. E. Divers recommended the following process for 
preparing silver hyponitrito : 

A corns, poifi, of sodium Jiypozutrite and hydroxide is diluted and tnixocl i\Jthi>unieicnt 
sih'er fiuhdiato or nitrate in ^1. aq. solo. (1 : 210) to procipitato tho Jij'pniutrito. Tho snin. 
may or muy not be neutralized with acetic acid ^foro adding the silver salt. Tlie inixUms 
is stirred vigorously to convert silver oxide into hyponitrite. When tlio pnscipitato has 
nearly all subsided, the turbid liquor of bright yellow is decanted and iigain treated with the 
silver salt until, aflor stirring well, brownish -silver oxide remains. The whole is tlirm iiiixod 
and left to settle. A good light is nerussary to judge tho colours, but light should lie avoided 
as much as possible. Tho precipitate is washed by decantation, and stirred up with 
Biiconssive portions of dil. sulphuric acid (1 : 2.50), until the arid fails to become neutral 
and shows a slight yellow opalcs4*om‘0 when mixed with a drop of a solii. of sodium car- 
bonat B. The precipitat e is tlieii washed by decantation witli water unt il free from sulphate , 
then with water oontaiiiiiig a traes uf sodium carbonate; and hnnlly with water. It ii 
then collected on a filter, (tried in vacuo, and then heated to 100 ' in dry air. Tiie salt con 
be purified before drying by dissolving it in small portions at a time, in ice-cold dil. Bulpluiric 
acid (1 : 333) ; the filtered soln. is ma^e alkaline with sodium earbonato, und tho profipitate 
washed with <111. sulphuric ot id, etc., os before. Silver nitMle is employed at tlm stork 
if it is ossontial to keep nitrates from the final product ; for tho washing re-precipitation, 
etc., are but Imperfect means of purifying the precipitate, Sodium carbonate is pnifnmblo 
to aq. ammonia for preeijatoting tho salt b^aiise, ns A. Hant/.sch and L. ICnufinaiin 
found, the last trace of ammonia is difficult to w.i.sh from the nilvor salt ; ami bilvcr cai- 
bonate is at tho samo time excluded because of its solubility in the oxcoss uf i iirl)un dioxide 
always pre.<ient in the soln. 

Silver hyponitritB is bright yellow, and if palo in colour it generally contains .a 
trace of ammonia, or some silver oxide. If black silver suboxide is present, tho 
colour may bo greyish-yellow, and with other impurities present, llio colour may 
be bright green. There is no evidence that the difierence in colour i.s due to tht* 
presence of allotropic forms. When precipitated from strongly alkaline soln., or 
from cone. soln. of the sodium and silver salts, the precipitate is compacL, ami 
dense, but if precipitated from dil. soln., it is flocculent and bulky. A. Kirschner, 
and C. Paal and F. Kretschmer, obtained crystals of silver hyponitrite by deposition 
from the ammoniacal soln., either by evaporation or by dilution with water. 

M. Berthelot and J. Ogior gave -- 9-3 Cals, for the heat of formation. E. Divers 
stated silver hyponitrato is decomposed by a moderate heat into nitrio oxide, 
silver, and a little silver nitrate ; it does nob fuse or exhibit any change, other than 
tho passage from a bright yellow to a silver-white colour. J. D. van der Plaats 
said that silver hyponitrite decomposes explosively when heated — ^but, added 
E. Divers, tliis preparation probably contained some acetate. A. Thum found 
that the bright yellow salt when heated becomes brown before assuming the silvc^ry 
white colour*, and A. Kirschner said that it is temporarily black. E. Divers 
attributes tbe brown or block coloration to the dense, red, almost opai][UC fumes 
of nitrogen peroxide emitted by the decomposing salt, and possibly to the presence 
of some sulphite, A. Thum detected no silver nitrate among the proilucts of 
decomposifion, but found that nitrogen peroxide is produced. E. Divers then 
demonstrated that nitrogen, nitric oxide, nitrogen peroxide, silver, silver nitrate, 
and possibly a trace of nitrite arc produced during tho decomposition. Tho first 
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action is lopraented; 2Ag2N202=4Ag4-N£+2N02. The presence of silver 
uitrate is attributed to the action of nitrogen peroxide on the undccoroposed 
liyponitrit^i ; Ag2N2024 4N02=2AgN0a f 4 NO ; and the silver nitrate and nitric 
ojkide iiiti^Taot : AgNOs I NO— Ag | 2NO2. P. C. RayandA C. Qanguli found that 
till* equation; dAg2N202^4Ag4‘2AgN03 { 2N2 is not supported by analytical 
data. They reprenont the action 2Ag2N202=2Ag204-2N20— with 2Ag20 
-.=4Ag|02; also Ag2N202==2Ag+2N0— with 2NO+O--N0O3; 2N2O3-I Ag 
^.-AgNOg l 3 NO; and 6Ag2N202“=2AgNO3-l-(8Ag4-2O2) \ INg, The production 
of the nitrous fumes is thus attributed to a secondary reaction. E. Divers does not 
arcLq)b these conclusions. E. Divers, and A. Eirschnrr regard the nitrogen peroxide 
as a direct product of the heating of the salt ; and E. Divers assumes nitric oxide 
to be a product of a scries of complex reactions, here it is regarded as a direct pro- 
duct of tJic decomposition of the Lyponitrite. 

According to E. Divers, moist silver hyponitrite is not stable, for it very slowly 
decouiposes at ordinary temp. ; light and heat quicken the change. The salt 
thus loses its bright colour, and contains some nitrite and nitrate. The production 
id a nitrite occurs in a lew hours if the salt be exposed to bright diffused light, and 
ill a few ininutcB in sunlight. When the purified yellow hyjiouitrite, under water, 
H exposed tu light, a brown flocculent substance is formed on the surface. If a 
bluek or grey colour is obtained, impurities were present in the Lyponitrite. Silver 
Ijypoiiilnte is least sensitive to light when dry and exposed to dry air. The sHglit 
.iun()S])L(‘rie oxidation of moist silver hyponitrite observed by E. Divers and 
T. Ilaga is attributed by E, Divers to the slow production of nitric oxide wliicli is 
retaiuLMl as nitrite and iutrai.e by the salt, and not to the din^ct oxidabinu of the 
salt. Silvrr hyponitrite is more soluble in water than silver chloride, and, added 
A. TLuni, the salt is not afferted by boiling water. A. Thum, and E. Divers found 
that the salt is dissolved by dil. nitric or sulphuric acid and can be recovered by 
quickly neutralizing the acid with alkali. The sulphuric acid soln. soon deposits 
silver sulphate. Cold acetic acid dissolves silver hyponitrite sparingly ; and it is 
(uily slightly soluble in jihospLoric acid. According to ?. C. Ray and A. U. (languli, 
the decomposition of silver hyponitrite by mineral acids at 25 °- 29 '’ results in tlic 
lilierutioiL of hypoiiitrous acid, which then decompobcs according to the equation: 


Il2N2()2==IT20 ^ N2O , and Dll2N202=: 
bilver hyponitrite arc* : 

= 4 H, 0 + 211 N 0 H IN,. 

The products with 

Nitrogim a** . , « 

XriO, 

N,() 

1’otnl 

Vhiiig uitrir Boid . • 7*25 

1-81 

1'26 

10-.32 per rent. 

Ubing hydrocihlorie acid . S-PS 

1-74 

1-m 

10-30 

Using Bulphurio acid . . 4 <52 

M3 

4 -ri 8 

10-23 „ 


According to E. Divers, silver hyponilrito is dissolved by aq. ammonia, but 
only sparingly if dil. ; the hyponitrite can bo recovered by neutralizing or dis- 
bi])ating the ammonia. Silver hyponitrite is also soluble in soln. of ammonium 
carbonate 01 nitrate ; in aq. hyponitrous arid ; and in a soln. of alkali hyponitrite. 
iSilvci hyponitrite is readily oxidized by cone, nitric acid ; cone, sulphuric acid 
acts energetically, and the heat of the reaction is sufficient to decompose some of 
the salt, forming nitiosyl sulphate, and nitrogen peroxide. The salt is not dccom- 
poHcd by a cold soln. of socUum carbonate ; it is not decomposed by a cold dil. 
soln. of sodium hydroxide; it is completely decomposed by an cq. amount of 
tt soln, of potassium iodide ; it is imperfectly decomposed by a soln. of sodium 
ehloiide uidess in considerable excess— when a soln. of sodium chloride is shaken 
with an excess of silver hypochlorite, dccomjiosition ceases when the soln. contains 
4 eq. of Bodinm chloride to 6 eq. ol sodium hyponitrite ; the addition of absolute 
alcohol elEocts a partial separation of the two sodium salts. According to A. Thum, 
silver hyponitrite absorbs dry hydrogen sulphide at 0 ® without giving off any water 
or ; but after some time, an explosive decomposition occurs with the production 
of light and heat, and the evolution of reddish-brown fumes. Hydrogen sulphide, 
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and pLospliorlc acid net free hyponitions acid. It ia not attacked by acetic acid ; 
and carbon dioxide does not decompose it. 

W. Zorn, A. Kirsidinor, and £. Divers prepared tctrahydrated barium 
liypoiiitrite« BaN^ 02 MIl 2 U, by addin jr barium clilnridL' to a cone. soln. of sodium 
hyponitrite ; and A. Guiitz and B. U. Mcntnd found lliaL whnt was assumed to 
bo the hyponitrite is formed when a soln. of b/irinm in liquid ammonia at —50® 
is treated with nitrogen peroxide. On di.^})aling the ammonia, tlie gelatinous 
precipitate dries to a white powder. The product was hydrated by cX}>osure to 
moist air, and decomposed by water with the evolution of nitric oxide. The 
cr]rstals are bnb sparingly soluble in water, and arc slowly decomposed by cold 
water, rapidly by hot water. Carbon dioxide of the atm. decomposes the dry salt. 
It is rcaddy bolublc in dil. acetic acid, and when the arid is neutralised by ammonia 
or baryta- water, the salt is precipitated unchanged. L. Maquenne suspended 
silver hyponitrite in water, and added enough lalric acid to dissolve about one- 
third the hyponitrite; the mixture was then agitated uith a soln. of barium 
cldoride. The precipitate was filtered and washed; and the filtrate treated with 
ammonia to obtain more li}q.iimit ntc. The prei i])iiato was wasln^d with alcohol, thiui 
with ether, and finally dru4 over sulphuric acul. A. Kir&chner mixed ainmoniacal 
soln. of silver hyponitrite and barium nitrate, and vrashed the preciintate with 
alcohol and ether. The product eorresponded with hydrated barium hyponitrite, 
lbiN202.H20. W. Zorn obtained barium hydrohyponitrite, Rall2(N2U2)23 by 
adding the calculated qiiaulity of siiljihunc acid to baiiuiii hyponitrite suspended 
in water ; or hj neiitializiiig the ai id with baryla-wiiier and lajndly e\apt)rating 
under reduced press. Thci salt readily decomjuibes \^jth the evolution of nitrou.s 
oxide, ami the product is accordingly impure. The iieedlc-lik»‘ ci)8(a1s ore very 
soluble in wat^'r. G. lloederer, as indicated in ronneclion with the arid, obtained 
strontium hyponitrite, SrNoO^, by the action of nitric oxide rm a soln. of htronlium 
in liquid ammonia. The gr latinnuh prt ripitate furnihlies a while powder when thi* 
ammonia is dissipated. A. KirscLiiiT, and L. Maquuine also prepared petita- 
hydrated strontium hyponitrite, tirNoUo.oIIwO, by the methods employed for 
the hydrated barium suit. L. Macpieime said that the strontium salt is more 
stable than the calcium salt, and gives off i\o gas in vacuo at 1()0'' ; it losi‘s water 
less readily than the barium salt, and, unlike L. Maquenne, A. Kirschucr could 
not obtain the anhydrous salt by heating the hydrate to KiO'. L. Maquenne, 
A. KirschiKT, and K. Divers jirepaicd tetrafiydrated calcium hyponitrite, 
CaN20o.4fl20, by the methods they employed for the barium salt. L. Maqueni»' 
said that the dry salt dues not decompose at KXJ", but the moist salt slowly de- 
composes at that temp. It is very sparingly soluldu in water, Sfduble hi dil. acids, 
and in acetic acid, whilst ammonia rc-precipitates the unchanged salt from acid soln. 
The salt is decoiiqiosed by sulphuric arid (1 : 1), with the rvolulioii of gas. On 
account of its stability, E. Diverb said that it is a good hyponitrite to keep in stock. 

A. E. Menkc obsrnred a white precipitate of magnesium hyponitrite when a 
magnesium salt is treated with sorlium hyponitrite ; zinc hyponitrite is formed 
in an analogous way. Both suits are soluble in acetic acid. Aceorrling to E. Divers, 
if sodium nitrite reduced with sodium amalgam, anil neutralised with acetic 
acid, a greyish -black deposit of mercury is formed on the addition of mercurous 
nitrate, and not mercurous hyponitrite. This is due to the ]ircscuco of hydroxyl- 
amine with the hyponitrite soln. E. Divers said that mercuious h^Knutrite, 
is precipitated by adding a soln. of sodium hyponitrite, free from hydroxyl- 
amine, to a soln. of mercurous nitrate as in the case of mercuric ]iy])onitriie. 
r. 0. Ray added that the bodiuin liypuniirite soln. should be neutralized since the 
precipitate will otherwise be contaminated with mercurous oxide. A. Thum 
treated the mercurous nitrate soln. with acid potas.sium hyponitrite ; and P. C. Ray 
obtained it by adding a dil. soln. of sodium hyponitrite to a soln. of mercurous 
and mercuric nitrites, and obtained a flocculcnt yellow precipitate of mercurous 
hyponitrite. No oxide is precipitated from the soln. of mercurous nitrite soln 
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The brisht yellow salt b wadied by Bnclioiii and dried over sulphuric acid. E. Divezs 
fuuud that the salt is stable, but is blackened by light. A. Thum said that it is 
blackened in direct sunlight owing to the separation of mercurous ozdde. When 
heated, E, Divers said that it is decomposed, forming merruric salt, and when further 
heated, it decomposes like the mercuric salt : Hg2N202- [ 2NO ; Hg2N202 

==Hg-f-HgO 1 N2O ; or 3Hg2N202==41Ig+2HgN03+2N2. A. Thum said that the 
salt blackens at a little below 100°, and at a higher temp., forms red mercuric 
oxide. P. C. Bay and A. C. Ganguli found that mercurous hyponitrite begins to 
decompose slowly at 80°, and on raising the temp, it assumes a black colour, and 
at 150°, becomes reddish-yellow and decomposition ceases ; the temp, can then 
bo raised to 200° without the production of any visible nitrous fumes. There is no 
evidence that the decomposition proceeds : Hg2N202=2Hg0 fN2, for the actual 
proportion of nitrogen produced is very small. The main products arc mercury 
and mercuric oxide with nitric and nitrons oxides — the proportion of nitrogen 
and mercurous nitrate is small and x<iobably an clloci of secondary reactions. 
Tims : 

Nitrogen as . ■ • N| N^O NO Total 

Percent 0*47 2*22 2*65 6-03 

]\ C. Bay and A. C. Ganguli represent the reaction as a kind of tautomeric process, 
lialf the ox3'gen being oxj lie, ITg O.N : N.O. fig— 11^20 l-NoO and Hg^O - HgO +0 ; 
and lialf inudic, Hg N : 0 "llg | NO. The actual amount of nitiogen formed is 
almost equal to that existing as meicuTous nitrate S4) that the reaction : 4Hg2N202 
- 211gM)3 1 Cllg I N2 I 2NiO IS more likely than the BiTn])ler one: 3Ilg2N202 
= 2JlgN03+4flg-l 2N2. E. Divers said that merenrous hyiumitiite is blackened 
evui by very dil. soln. of alkali JiydioMdot, and it dissolves readily in rlil. uitne 
doirl, and can bo re-piecipitated from tlie soln. by rautirms neutralization with 
sodium carbonate. According to P. V, Bay, the mtiic acid soln. of meicuruus 
liyj'Diiilritc immediately becomes opaleact*iil from the sepaiatinn of mercury 
wKuh remains at first in a fine state of siis])en^iou ; if, however, the soln. be set 
«isi(le for an hour or so, the mercury settles at the bottom, and there is a slow and 
toiitinuous eJIervcsconcc owing to the liberation of nitrous oxide; consequently, 
ibe halt is partially decomposed in the nitric arid soln. : Hg2N202“=Hg I Hg(NO)2, 
and that when the nitrie acid soln. is treated with alkali-l^^e some meicurous oxide 
IS jnecipitated. P. C. Bay and A. V. Gimgnli found that on the decomposition 
of the half by the action of nitric, liydrocldoiic, and sulphuric acids, as in the 
case of silver hyponitrite, the hyjmnitrous acid is liberated and decomposed accord- 
ing to the hiiijultaneous cquatioiia : II2N2O2 -N^O-l-HaO ; and 5H2N2O2— 4II2O 
-f-2lINOj f 4N2. The percentage compoMlion of the gases with the different 
acids w.is : 


Nitrof^pn aa . . , 

^2 

NHO, 

N*0 

Total 

Uhing nitric ai‘id 

3-55 

0-80 

0*66 

6-0 

tlHiiig hydrochloric acid • 

3-7C 

oet 

1-51 

0 21 

Bhini< sulphuric acid . 

l-M) 

0-40 

2 98 

4 98 


BO that the presence of the mim ral acid has a siierific directive influence in deter- 
mining the course of the reaction. £. Divers explained tlio incompleteness of the 
decomposition with sulphuric acid by the low solubility of the mercurous sulphate. 
He said nitric oxide, and nitrogen trioxide or |ieroxide are produced by the oxidizing 
action of the less stable oxides. 

Accor^g to E. Divers, normal mercuric hyponitrite* HgN202, is obtained 
by precipitation from sodium hyponitrite and mercuric nitrate. The mixed soln. 
of sodium hydroxide and h3rponitrite obtained by reducing sodium nitrite with 
sodium amalgam is diluted and almost neutralized by dil. nitric acid keeping the 
Boln. icD-cold all the time. It is then poured into a soln. of mercuric nitrate which 
must not bo in excess, and should contain as little free acid as possible. The slightly 
turbid mother-liquor is decanted from the precipitate, and, after being neutralized 
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with sodium carbonate, is mixed with more mercuric nitrate, and poured back on 
the main precipitate ; after agitation the mixture is allowed to settle, and the 
Uiotber-liquor decanted off the precipitate wliicli should bo washed quickly by 
decantation since it is liable to bo quirkly destroyed by the acid mother-liquor 
Mercuric hyponitrite is a floccidcnt, cream-coloured precipitate, which is easily 
washed on the filter, and drie^ to a pale, buff powder— the colour is probably due 
to an incipient change to tlio mercurous salt. If dried on a porous tile, it seems 
to be irihydrated, HgNn0.j.3Hj>0, but if dried in a desiccator it is anhydrous. The 
salt is sensitive to light and should be dried in the dark. A soln. of mercuric uitrite 
or chloride, however highly dilute, always yields mercuric hyponitrite, when totaled 
with sodium hyponitrite in the presence of potassium sulpliatc, whereas mercuric 
nitrate Under similar conditions gives the basic Hul]»hate, 2]Ig0.IIgS04 ^1I2U. 
P. U. Ray, therefore, assumes that the nitrogen is attached to the mercury in 
the nitrite, but in the nitrate, it must be united to oxygen. Mercuric hypo- 
nitrite is decomposed by heat into mercuric oxide, and nitrous oxide, niid also 
into metal and nitric oxide. It dis.solves in hydrochloric acid, and in sodium 
chloride solu., but, being unstable, it changes into the mercurous salt so that the 
Holn. is liable to bceome turbid. P. C. Kay sliowed that dil. hydrochloric arid 
reiidily dissolves mercuric hyponitrite in the cold, and the salt is re-precipitated 
whiMi the soln. is neutralized by an alkali. Potassium hydroxide at once decomjiiiscs 
mercuric hyponitrite into oxide without fonuing basic salts; in very dil. alkali 
lye, the precipitate is slightly soluble. P. C. Ray found that mercuric hyponitrite 
di.'^solves with difficulty as such in dil. nilric acid, and with still greater rlilliciilty 
in boibug cone, nitric acid, the hyponitrite is re-preeipitnted on adding an alkali. 
Slowly or quickly, mercuric hyponitrite decomposes into mercurous hyponitrite 
and nitric oxide, and some of the latter is oxidized by air converting some hy])0- 
mtrito into nitrate. E. Divers added that no other mercuric salt decomimses into 
the mercurous salt, although many cupric salts rhange to cuprous salts ; ferric 
oxalate also changes to ferrous oxalate and carbon ilioxiile. P. C. Kay d^^senbed 
some basic mercunc hypoiiitrites ; thus trihydrated mercuric Irioxyliypoiutrite, 
3HgO.HgN2O2.3H2O, nr 3Hg(0II)2.HgN20ji, is formed by drojiping a very dil. sobi. 
of sodium hyponitrite (free from hydruxylamine) to a mixed soln. of mereurous ami 
mercuric nitrites containing sodium chloroh* to eliminate the tiiercurouH mercury. 
If the order of mixing be reversed, or if too much hyiionilrito lx* used at once, the 
precipitate turns grey or even black. The flocoulent yellow preciiulatc was waslicd 
and dried. It is also obtained by adding a snln. of sodium hyponitrite to one of 
uiercimc chloride. The yellowish powder is sparingly soluble in dil. or roiu 
nitric acid, and easily soluble in waim dil. hydrucLloric acid. The pentahydrab- 
was obtained by adding a soln. of sodium hyjmehloritc to a soln. of mercuric nitrate 
containing as little as possildc free nitric arid. Pentahydral cd mercuric peutozy- 
tiihyponitritei 5TIg0.3HgN202.fiH20, or r)Hg(0]I)2.3HgN202, was obtaiued by 
adding potassium cyanide to a neutial soln. of mercurous and mere uric nitrates 
mixed with just enough soLbum chloride to remove mercurous mercur}*, but no 
chloride should be in excess: lIg(N02)2H-Klb^=HgN202ri 2KCyO. The pre- 
cipitate is washed with water, and dried in darkness over sulphuric acid. The 
soln. of the salt in warm dil hydrochloric acid, when neutralized with alkali 
hydroxide, give^ a voluminous precipitate. 

A. E. Mriikc found aluminium bypouitrite is formed as a wliite piecipitaic 
when sodium hyponitrite is added to a sobi. of an aluminium salt. It is insoluble 
in watpr, and in acetic acid, The precipitate of cerium hyponitrite obtained 
in an analogous way is soluble in acetic acid; likewise also tin hyponitritCi 
which is insoluble in acetic acid ; and lead hyponitrite. E. Divers, A. Thum, 
and A. Eirschner prepared lead hi^nitrite, PbN202> by the action of a soln. of 
sodium hyponitrite on a lead salt. The precipitate at first is cream coloured and 
floGCulciit, but it soon becomes sulphur-yellow, and the dense, crcam-oolourcd salt 
is probably a hydrate ; A. Kirschner, said E. Divers, mistook it for a basic salt 
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had oxyJiifpOfdtrUe, Fb0.P1)N202* A. Thum found that when foimed in a dil. 
ji(id Hoin., the salt is ciystallinu. It is soluble in dil. nitric acid^ and decomposed 
by sodium liydroxidei but nut by a cold soln. of Bodiuin carbonate. 

H, ]3, Meukc prepared bismuth hyponitlite as a white precipitate by adding 
sodium hypouitrite to a soln. of a bismuth salt. It is insoluble in acetic acid. The 
analogous precipitates of white manganese hyponitritei red cobalt fayponitrite* 
and of green nickel byponitrite arc sulublo in acetic aeid. With ferrous salts, 
nlive-griicn lerrous hyponitlite is foimed, it is insoluble in water, and becomes 
yellow when treated with acetic acid. With ferric salts, yellow ferric hyponitritc 
is formed— insoluble in water, soluble in acetic acid. With potassium salts, 
platinum hypouitrite is formed which is leas soluble in acetic acid than it is in water. 
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A. liuutz and K, (\ Meiitnd, livU, Soe, Chim.^ (3), 29. 587, 1903 ; G. Roedcrer, th., (3), 119, 
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(j. T. MiJi 1^.111 and V. II. Buratall, Journ. Chm. Soc., 1269, 1927 ; A. Kinalmer, Ze\t, anorg. 
rhtm., 16. 424, 1898. 


§ S5. Nitrie Oxide 

Eaily in the seventeenth century, J. B. van Helniont^ obtained s^spiritussylveslriB 
by the action of nitric acid on the metals, he alhO a^tidied the same name to carbon 
dioxide ; but it is scarcely conceivable that he cuulrl have considered the two gases 
to be the same form of matter even though they were jiarts of the general chaos. 
About the middle of the seventeenth century, J. Mayow also prepared the same gas 
by the action of nitric acid on iron, but he did not study its specific properties ; a 
hiniilar remark apjdies to C. Huyghens and N, Papin, who made it by the action of 
nitric acid on copper ; and to li, Boyle, w'ho made it by the action of nitric acid on 
iron or silver and mentioned that it forms red fumes by contact with atm. air. 
This was confirmed by G. E. Stahl at the beginning of the eighteenth century. 

Hales prepared the gas by the action of nitric acid on niercnry, iron-filings, or 
pyrites. J. Priestley, however, is generally credited with the discovery of the gas. 
It is true that he prepared it by the action of nitric acid on copper as others had 
dune previously, but he showed that the gas has a number of specific properties 
and is veritably a chemical individud. He also employed its property of reacting 
with the oxygen of the atmosphere to form a soluble gas in the volumetric analysis 
of air In 1777, A. L. Brouguiart prepared the gas by the action of nitric 

acid on organic substances. J. Priestley called the gas nitrous air ; and both he, 
and V. Fontana regarded the gas as nitric acid surcharged with {ihlogiston. 
11. CayendiHh showed that the gas contained oxygen and nitrogen ; and at the 
begiuiiiug of the uinctoeuth century, its composition was established by H. Davy, 
VUL. vm. 2 K 
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»ndi J. L. Gay Lussac and L. J. Th^naid. In conformity with the antiphlogistic 
notation, the gas was called oryde d'azote, or nitric oxidei NO. 

Ibe preparaticm of nitric oxide.— Nitric oxide is unually regarded as the 
first product of the oxidation of nitrogen although under certain conditions nitrous 
oxide (7.1;.) may be formed. \V. Manchot ^ found that it is produced along with 
ozone by the silent electric discharge in air, and that its production lowers the 
yield of ozone. It is formed under numerous ulher conditions. Thus, F. Fischer 
and H. Marx, W. Nemst, W, Muthmann and II. Hofer, and F. Haber and co- 
workers obtained it along with ozone when air is led over a glowing Nemst's 
filament ; or past the high potential, alternating current arc ; by electric sparks 
in ail ; by white-hot surfaces ; and by burning liydrocarbons, carbon monoxide, 
or hydrogen. A. Reis found nitric oxide in the amuLonia-oxygen flame. 
A. Wolokitin found that by working at a press, of 20 aim., a greater proportion of 
nitric oxide is produced than when the press, is normal. H. Kamnierer found that 
it is also produced when magnesium burns in oii—ndc snpi’a, fixation of nitrogen. 

0. F. Tower obtained traces of nitric oxide when a niixlure of nitrogen and water 
vapour is passed over a Nemst ’s filament at about 2000 **. This subject has been 
discussed in connection with the fixation of nitrugeii. The fiTination of nitric 
oxide during the oxidation of hydrogen cyaniile, in the presence of a iilatinum 
catalyst, has been discussed by J, Zawadzky and J. Wolmer, and L. AndrussoH. 
R. Hara and 11. Shinozaki found that with a platinum catalyst a maximum yield 
of 85 to 95 per cent, is obtained at 800'^. The oxidation begins at about 5CXJ'\ 
The best cone, of hydrogen cyanide is 4 lo 8 per cent. ; liiglier cone, give solid 
products— cyamelide and cyanuiic acid — as well. It is suppiisiMl that the hydrogen 
cyanide, IKy, is first oxidized to cyanic arid, HCyO, ami, on further oxidatifiii, 
this fonns water, carbon monoxide, and nitric oxide. If there is a shortage of 
oxygen, the. cyanic arid polymerizes to (Jlt^yO)a or (llOyO),,. The formation of 
nitric oxide by the oxidation of ammonia is dibcusbcd in connerlioii with lliat gas. 

1. Milner obtained nitric oxide during the oxidation of ammonia (q,v.) by manganese 
dioxide, ferric oxide, etc. B. Tacke, and A. J. Lebcdeff found nitric oxide to be 
formed by the action of the Intrferiuyn hatflrhii nn nitrates. F. Wiihler found that 
nitric oxide is producer! by heating a inixtiiTe of boron nitride and a metal oxide. 
U. Rborgi and co-workers foiiiid that thi‘ ykdd of nitric oxide obtained vanes 
greatly with these dilTereut samples and also with thi* nature of the admixed oxide. 
With the oxides Fea 03 , N 12 O 3 , C 02 O 3 , MnOo, Mn 304 , and CiiO, yirdds as high as 
72 per cent, arc given, and the residue remaining after the reaction gives an increased 
yield of nitric oxide with a fresh quantity of boron nitride ; tins result is repeated 
four or five times, the yitdd increasing each time until the residue hccoines converted 
into a compact mass. 

Nitric oxide is formed during the electro-rcduction of nitric acid ; G. Briining 
employed a current of 5 to 10 amps, at oj dinary temp, with nitric acid of 
20 to 30 per cent concentration, according to the Blectrodes and other conditions 
employed. At higher temp., nitrogen peroxide is simultaucously produced, and 
by varying the conditions other products can be obtained. Nitric oxide is 
aiso formed, by treatment of nitric acid, nitrous acid, or nitrogrm peroxide with 
reducing agents like carbon, phosphorus, sulphur, organic compounds, many 
metals, the lower oxides of the metals, and metal salts. It is also formed when 
nitrogen peroxide is treated with water ; or when nitrogen peroxide is heated above 
600°. F. Raschig obtained it as a product of the action of nitrous oxide on nitrous 
acid, and F. Emich, by the action of a mixture of sulphuric acid with 2 per cent, 
of sodium nitrite on mercury. L. Moser recommended this process, and also the 
reduction of nitrous acid with hydriodic acid. The gas can be ])urified by absorbing 
it in a cone. soln. of fp/rrous sulphate, and driving it out again by gentle heat. The 
gas can also be absorbed by a soln. of potassium permanganate or dichromato. 
R. W. Gray purified nitric oxide by the fractional distillation of the liquefied gas. 
Nitric oxide is usually prepared by the reduction of nitric acid. ThuSi 
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N. A. K. Millon obtamed it by the action of copper, bismuth, lead, silver, or mercury 
on nitric acid of sp. gr. 1-2 to 1-3, The more dil. the acid, the lower the temp, at 
which it reacts, and the less is the gas contaminated with free nitrogen. Copper 
treated with dil. nitric acid under conditions where the rise of temp, is prevented 
|)y a freezing mixture, yields a gas so pure that it is all absorbed by a solu. of ferrous 
bulpbato. The reaction between nitric acid and copper was studied by 
.T, II. Niemann, etc.— -vide the action of this acid on the rcbpcctive metals. The 
preparation of nitric oxide by the action of copper on nitric acid has been dis- 
ciisbcd by L. Carius, A, Senier, H. Eammerer, J. J. Acworth, and H. Moissan. 
The initial and final products of the reaction are represented by SCu-j-SHNOs 
. 3 Cu(N 03)2-| 4IT2O4 2NO. G. Lunge said that nitnc oxide is almost the only 
jrabcims product obtained by the action of nitric acid of sp. gr. 1-2 on arsenic irioxide. 
Ferrous sulphate reacts with warm nitric acid, or a mixture of sodium nitrate and 
(III. .sulphiuic acid, forming nitric oxide. M. Coblenx aud J. K. Bernstein (ound 
Ili.it nitric oxide is formed, but no ammonia, when sodium nitrite is added drop 
l)V drop to an acid soln. of titanous chloride, and when nitric acid is treated with 
a M>ln of stanuoua chloride containing a drop of ferrous sulphate, J. Pelouze, and 
.1, L. day Lussac obtamed nitric oxide by the interaction of potassium nitrate and 
ii waiui soln. of ferrous chloride in dil. hydrochloric acid : 2NaN03-f BFeCl^+SHCl 

bVvi 'I3 f liNad-HHjO f 2NO. 

J. Thiele said tliat fairly pure nitric oxide is produced when a cone. soln. of 
^oiliiuTi nitrite is dro])ppd into a hydrochloric acid soln. of ferrous chloride ur 
''ii]])hute. Since roniiiiercial sodium nitrite usually contains some carbonate, it 

lecouLiiiendccl tliat this impurity bo removed by treating the soln. with calcium 
C'hiiiiirlr\ J. Matuschek found that with a mixture of soln. of sodium nitrite and 
fi^rnc chloride, uitingeu peroxide and nitric oxide are formed, and that by passing 
tin- luixeil gases thiough water the nitrogen peroxide is decomposed into nitric 
ai id and nitric oxhle : FeCl3+3NaN02=-3NaCl+Fe(N02)3, and 2Fe(N02)a+3H20 

2Fe(OIl)3 { SNO^-fSNO. II the sodium nitrite be placed under carbon disub 
and a suspension of hydrated ferric chloride in the same solvent be added, 
I lie mlrogeu peroxide whii'h is formed remains dissolved in the carbon disulphide. 
L. Moser rpcoinnieiuled pre])aring the gas of a high degree of purity by reducing 
mtli mercury a soln. of nitrous acid in sulphuric acid, or by allowing nitrous and 
hydriodic ai'ids to inieract. W. A. Noyes said that nearly pure nitric oxide is 
lapidly genrTuted by dio])]mig cone, sulphuric acid on to socQum nitrite covered 
with two or tJiriM* times its weight of water : SHNOo— HNO3 |“2NO-| II2O. By 
^ ablimg the gas with cone, sulphuric acid or water the trace of nitrogen dioxide 
joesent is removed. C. M. van Deventer dropped a mixture of potassium nitrite 
ajul fiTrucyaiiide into dil. acetic acid : K4FeCyB l-HN02d CHsUOOH— K3FeCy5 
t If^O I UII3.COOK I NO. K. Weber obtained nitric oxide of a high degree of 
])uri(y by passing Bu1])hur dioxide into warm nitric acid of sp. gr. 1*15 : 2HN08 
1 3 iSOo I 2U2O--3II28O4 f 2NO. A. Wagner obtained nitric oxide by the action 
of acids on a mixture of potassium nitrate and sodium sulphite ; and by healing 
a mixture of potassium nitrate and carbonate in the presence of chromic oxide, 
mangiinese oxide, cuprous oxide, or stannous oxide ; and M, CliikachigL\ by 
heating a soln. of cobalt nitrate and potassium thiocyanate. Abo and K. llura 
found that cyanogen can be readily oxidized to nitric oxide by air in the presence 
of platinum as a catalytic agent. 

The physical properties ol nitric oxide.— Nitric oxide is a colourless gas at 
ordiuary temp. It. W, Gray said that the liquid is blue ; but K. Adwentowsky 3 
found liquid nitric oxide to be colourless in thin layers, but light blue in thick layers, 
but it ia thought that its blue colour is duo to the presence of traces of nitrogen 
tnoxide which cannot bo removed by fractionation. The liquid can be frozen to 
a colourless, or a snow-like solid. T. Thomson gave 1-041 for the relative density 
of the gas ; F. Delaioche and J. E. B4rard, 1-0886 ; and H. Davy, 1-093 ; more 
recent detorminations by Q. Daccomo aud V- Meyer gave 1-0372 ; P. A. Ouye and 
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C. Davila gave 1-0367. Thp litoiature was reviewed by M. S. Bkncliard and 
S. F. rickoring. K. Adwentowsky found the spedflc gravity of tlic liquid at the 
b.p. id 1-269. R. W. Gray found the weight of a litre of nitric oxide gas at 
n.p.fl to be 1-3402 grins.— the observed data varied from 1-3398 to 1-3408 grins. 
G. D. Liveing and J. Dewar gave 1-255 for the Specific gravity of the liquid at the 
b.p. J. S. Stas found the mSecular weight to be 29-97 ; F. A. Guyc and (*. Davila, 
30-012. II. Henstock, R. T. Birge, and A. 0. Kankine discussed the electronic 
etroctore. T. Graham, F. Exner, W. Sutherland, A. Nauniann, and J. 11. Jeans 
calculated the mol constnuti^ at 0^. The molecular Velocity is 43,900 ems. per sec. ; 
the free patht 903x10~b cm. ; and the molecular diameter, 16x10"^ cm. to 
26xl0~‘’ cm. A. Balandin found the mul. vol. to be 23*6 ; and E. Rabinowitsch 
gave 23-7. E. Moles, G. Kirsch, and P. N. Jkvloil studied this subject. 

T. Graham gave 0-0001645 fur the viscosity of the gas at O'', and 0-0001860 at 
20“ ; 0. E. Meyer and F. Spriiigmuhl, 0*000168. H. Vogel studied this subject. 
A. Elemenc and W. Rcmi louiid ()-(KX)1797 at 0°, and for 8uth**rland’fl constant, 

C - 162-2. 0. E. Meyer gave 0-878 (oxygen unity) 
between 10° and 20°. T. Ally studied the surface 
plu-nomena of bubbles of nitrie oxide in water, 
A Masson found the velocity of sound in nitric 
oxide to be 325 metres per sec. ; W. Hi-use, 323 
metres per sec. A. Jaquerod and 0. Hilieiier found 
the divergenre of t]u‘ compressibility of the gas 
from Boylf H is very Might. The value of u 
in 1— «(Pi “Fo) 1^* 0-()tX)97 for oxygen, 
0-(K)]17 for nitric oxide, mid 0-01527 for aniinoiua. 
J. Batuecas gave ()-OtXKI147 for thi' eompiessibility 
of the gafl, and 1-00112 for the divergi-nee from 
Avogadru’s law, 1^ A. J. Briner and co-workers observed: 
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The results are plotted in Fig. 70. When compared with flip isollierras of nitrogen, 
oxygen, carbon dioxide, or ethylene, there is no iiujicutiun of abnornidl polymeriza- 
tion. The subject was studied by C. Schlatter. The vapour pressure of solid 
nitric oxide at —160-G° is 168 miii. According to K, Adweutowsky, the vap. 
Xiross., p, at different temp, are as follow : 




Sulid. 



Liquid 




-174 4“ 

-109 2“ 

- 101 0* 

-UlO 0" 

-1j7S- 

ir»4 1“ 

- ir.f)»' 

-150 2" 

p mm. 

23 

36 

1S8 

168 

3.33 

6J0 

G61 

760 

and from this temp, ou 

to the critical temp., 

-92-9“ 





- 128 S" 

-124 0' 

-1187 


-107 8’ 

-102 0“ 

-1)7 3“ 

-92 0' 

p atm 

8 -US 

10-7 

lli-H 


31-0 

41-0 

53-1 

64-0 


He said that the vap. press, curve of liquid nitrir oxide is somewhat anomalous, 
and this is attributed to polyuiprizatiou of the molecules at low temp. The fact 
that the vapour density at atmospheric press, is quite normal at these temp, 
indicates, however, that the dissociation of the polymerized mols. is practically 
complete at this pressure. The high density of the liquid at its b.p., 1-269, is cited 
as evidence in support of the view that the liquid mols. are associated. W. Nernst's 
value for the chemical conrtant is about 3-7 ; J. K. Fartington’s, 1-263 ; F. A. llen- 
glein, and A. Langen, 0-92 ; and A. Euckeii and ro- workers gave 0-U3 for the 
integration constant of the thennodynamic vap. press, equation ; and A. Eucken 
and F. Fried, 0-95 for the constant in the equilibrium equation for 2NO==N2d-02- 
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For the oonstantB in the aQaafion Ol atata, (j)+o/ti*)(v— h)=Nr, F. Gnje end 
L. Friedrich gave a=0'00257 end hasO-00116 when in terms of tiie initial toI. ; 
a- 1 ■29x10*'* end h=25'9 if expressed in mols; and a=1430 and &=0‘862 if 
ezprnmed in grams. If. F. Carroll studied the eoution of state. 

K. Adwentowsky found the coefi. of thenniu at 760 mm. between 

- IfO” and 0° is 0-0037074. H. Y. Begnault’s value for the BPed&C lieat of rntrio 
oxide is c^=-0'231 between 13” and 172”, and it increases with rise of temp. 
R, ThrclfaU held it possible that at low temp, some molecular complexes decompose, 
and they arc resolved into the simple molecules at higher temp. G. Daocomo and 
Y. Meyer said that at low temp., —70”, the gas is monomoleci^. A. Eucken and 
E. Karwat gave for the moleoolar heat: 

-ESOS* -280-S0‘ -U4-10* -m-00‘ -168-7* 167-6* -ISS-O* 

C, . 2-04 3-48 7- 17 8-49 B-9S 17 -00 17-5 

Bolld. Liquid. 

R. Schrcl and W. Houso found for the mol. ht,, Cp=7'23 ; and Cb=D* 25 at 16" ; 
and at —45", —55", —80", W, Ucubo obtained C7,,=7-14, 7-22, and 7-28 
rrspectivuly ; and G^ - 5”15, 5-24, and 5-29 respectively. A. Masson gave for the 
ratio of the two sp. hts., y--l-39R at 0" ; and J. A. Partington and W. 6. Shilling, 
1-400 at 7-6". W. House obtained 1-38 at 15" and 1-38 at —60". J. L. Pickering, 
and 8. \Y. Saunders discussed the ap. ht. of nitric oxide. The sp. ht. of nitric oxide, 
c.iliMiluied by E. E. Witmer from spectroscopic data, is ]‘33i2 at 60" E., where R 
the gas couslant, 1-9B6 cals, per degree. W. 0. Shilling gave ; 


. 300" 

600“ 

1000* 

1500“ 

2000“ 

2600" 

2700“ 

. n-oo 

6-OG 

6-30 

6-73 

6-20 

0-60 

0-73 

. 7-00 

7-U6 

7-39 

7-71 

624 

BBS 

8-72 

. 1-3B9 

1-393 

1-376 

1 317 

1-317 

1-20B 

1-295 


He also gave -0-035647-1 0-Oe9554T2-0-0ol 934 T3. 

Nitric oxide was not liquefied by M. Faraday at —110" and 50 atm. press.; 
but M. Berthelot liquefied it at —11" and 104 atm. press., but not at 6" under a 
proMj. ol 270 atm. Ho thcreforo thought that the critical temperatoie is between 
- 1 r and 8". On the other hand, K. Olschowsky found the critical temp, to be 
*- 93-5", and the critical pressure, 71-2 atm. ; and K. Adwentowsky gave 
ri'spectivuly —92-9" and 64-6 atm. E. OLclicwdl^ found the boiling point to be 
—153*6" at one atm. press., and in addition ; 

riL%s . 71-2 49-0 20-0 JO-6 6-4 1-0 0 182 0-023 atm. 

Hp . -113-r)** -]00-9“ -ll0-°0 -129“ -138“ -163-6“ -167-0“ -176-5* 

A. Ladenburg and C. Erugel gave —142-4" for the b.p. ; F. A. Guye and 
a. Drouginiue, --142"; II. Goldschmidt, —151-13"; F. A. Henglein and 
11. Kriiger, -150-6° ; M. W. Travers, —149-9"; P. A. Guyo and G. Dronginine, 
—150" ; and E. Adwentowsky, —150-2". E. Olschewsky found the vapout 
pressure at -176-3" to bo lfl-2 mm., and at 166-8", 138-3 mm. ; W. Bamsay and 
M. W. Travers gave 760 mm. at -149-7° ; and E. Adwentowsky, 23 mm. at 
^ 174*2" ; 107 mm. at —164-3" ; 441 mm. at -155-4" ; and 760 mm. at —150-0". 
F. A. Henglein and H. Eiiiger found the vap. press., p mm., to bo : 

-100 67" -102 B2* -1718" -104 O" -1B5 0" -162 8" -150 5" -148 4" 

p . 0-0229 0>210 36-6 167-1 221-6 413-9 009-1 761-0 949-6 

Solid. Liquid. 

The observed results can be represr^ntod by logp=10-1466— 867-4r''i for the 
solid, and by log p -8-4440— GBl-lT'i for the liquid. The relation dpjpdT is 
relatively large, meaning that there is a relatively large change in the vap. press, 
for a relatively small change ol temp. H. GoldBchmidt found that the vap. press., 
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p Dim., of liquid nitric oxide oan be represented by 1og})=s6-92669^'0]()8017 
-I'Tj loRr-77B-13T"i ; andforthe solid, logp=6-y266ll^0-00r)985Y-l-751ogT 
—837-427^^. There is much association among the liquid molecules. K. Adwen- 
towsky gave —167° for the f.p. ; A. Ladenburg and G. Krugel, ir)0'0^ for the 
meltiw point; H. Goldschmidt, —163*21° ; A. Eucken and E. Karwat, —110° ; 
F. A. Henglein and H. Eriigei, —163*6° ; and K. Adwentowsky, —160*6°. II, Gold- 
schmidt gave for the triple point — 163'21° ; the vap. press, at the triple point is 
172-2 mm. ; the latent heat 0l vaporization of the liquid is 3199 cals, at —131-1 3° ; 
3230 cals, at -155° ; 3289 cals, at -160° ; and 3321 cals, at -163*21° ; and for 
the solid, 3863 cals, at -163*21° ; 3872 cals, at -163° ; 3H83 cals, at -108° ; 3902 
cals, at —173“ ; 3912 cals, at —177° ; and 3923 cals, at — 1 83°. P. A. Henglein and 
H. Eriigei gave 3080 cals, for the latent heat of sublLinaliun and 3980 Cals, for the 
latent heat of vaporization at the m.p. The latent heat of fusion at tlie trijde point 
is 539 caU. A. Eucken and E. Earwat gave 552 cals, per mol ; and F. A, Ilcnglein 
and H. Ertiger, 900 cals. The value for ^honton’s constant is 24-7, the high 
value iiiilicaiing an association of the liquid. J. Thomsen gave for the heat oi 
formation of nitric oxide from its elements -21*575 Cals ; and from nitrous oxide 
and oxygen, —21*83 Cals. M. Bcrthclot gave —21 *6 Cals, for the heat of formation 
from its elements. J. C. Thomlinson calculated what ho called the therm ocheniieal 
eq. of the nitrogen in nitric oxide — vide ififra. R. T. Birgo and Jf Sponer calculated 
for the heat of dissociation of NO, 7*9 volts or 182,000 cals from tlie band speetrinii, 
and 8-3 volts or 191,000 cals, from chemical data. H. C. Uiey gave 45-3 for the 
entropy of the gas ; and E. D. Eastman, 46*6 to 49-3. 

F. L. Dulong gave 1-000302 for the index of refraction of nitric oxide for 
white light, and E. Mascart, 1-0002971 for Na-lighl. 0. Gutlibcdbon anti 

E. P- Metcalfe gave 1-0002939 for light of wave-length 589*3/ijLi ; ami (' and 
M. Cuthbeitson, 1-0^29776 for A=480-0/x/i ; 1-0329522 for A-=]*03r)209 ; 1-0^2.9174 
for A— 576-9^L/Lt ; and 1-0329306 for A— 670-8^^. They represented their results 
by /i— l-=3-5210xl027/(12216xl027— A2). For liquid nitric oxide, G. D. Liveing 
and J. Dewar gave 1-329 for the C line ; 1-3305 for the D-line ; 1 -3345 for the F-line ; 
1-3278 for the G-line ; 1*3257 for the Li-Lme, A~ 670-5r)/i/i ; and 1*3358 for the 
In-line, A --450-9G/i/i. The refractive power by (/i— J)/D--0-2634 ; and 
(jLt2— l)/(p,2 )-2)D— 1-163. J. Eoch measured the dispersion. J. tUbaiims mid 
J. Graiiior discussed the polarization oi light diffusrMl laterally in mtiir oxide. 
0. Y. Riiuian and E. 8. Enshnan observed no ajipreciable double refi.irtjQii at 
2 atm press. ; and none for Kerfs constant. E. 8. Enshnan found no iiiagnetic 
double refraction with nitric oxide, showing that the paramagnetic moinrules of 
the gas do not orient, as a whole, in the magnetic held. W. H. Ban, and 
H. 0. Ene.scr studied tlie spectnun of nitric oxide. The absorption spectrum 
of nitric oxide gas was examined by D. Brewster/ W. A. Miller, E Boluqiiet, 

F. Holweek, E. Luck, J. Moser, H. Sponser and J. J. Ilopheld, JJ. Kreuslcr, 
E. 0. Kemble and F. A. Jenkins, R. S. Mullikcn and co-workers, F. A. Jenkins 
and co-workers, M. Guillcry, and J. N. Lockyer. The ultra-violet spectrum was 
examined byH.Krcusler , the ultra-red Spectrum by E. Warburg and G . Leitliauser ; 
and the spectrum of solo, by A. Kundt, and D. Gernez. R. T. Birge and II. Hpoiicr 
studied the heat of ionization of the gas. E. F. Metcalfe studied the ionization 
of nitric oxide. C. A, Mackay gave 9-4 volts for the ionizing potential ; A L. Hughes 
and A. A. Dixon, .9-3 volts ; H. D. Smyth and co-workers, 9 volts ; and T. R, Ilog- 
ness and E. G. Lunn, and R. A. Morton and K. W. Riding studied this .subject. 
H. Sponer said that the excitation potentials of the levels of the nitric oxide mole- 
cule are 5*44 and 13-96 volts ; hence the ionizing potential must exceed 14 volts. 
T. R. llogncss and E. G. Luuu studied the positive ray analysis and ionization 
of nitric oxide, and of mixtures of that gas with argon and helium. W. G. Palmer 
examined the cfiect of nitric oxide on the coherer in detecting electric waves. 

B. Zimmermann found the specific dectrical couductivi^ of water saturated 
with nitric oxide to be 36*2 XlO~^. He considers that the soln. in water is in part 
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ft chemical procesa: 4N0+2H20=2HNO2+H2Nn02. I- M. M. Smith and 
r. R. Daily found that the dielectric constant is nearly the same as that of ait| being 
1-(HX)44 at room temp., and 7f)0 mm. press. The value of this constant is not 
appreciably affected by a magnetic field of 10,000 gauss. The Fubjert was discussed 
by L. Paulmg. Nitric oxide is paramagnetic. G. Quincke found the magnetic 
Bosceptibility at 16® and 760 mm. to be +0*0 )3 x 10”* ; T. Son6 gave 48-K x 10“* ; 
and J. Schulratihfer gave 0K):i7fixl0"® and 0*0232 Xl0“* for a magnetizing force 
of 668-3; and 0-()496xl0“* and 0-0437 ^lO”® for a magnetizing force of 2721-8. 
E. Hauer and co-wnrkers, and V. Weiss and A. Ticcaid measured the coeff. of 
magnetization of nitric oxide ; while P. Debye and A. Huber inferred that, in 
harmony with P. Ehrenfebt’s view, the molecules of this paramagnetic gas do not 
hoL'uiuc oriented under the influence of a magnetic field ; and A. Huber observed 
no electrieal polarization with gaseous, liquid, or solid nitric oxide. E. U. Kritts, 
,r. H. van Vleck, and N. W. Taylor and G. N. Lewis discussed this subjert. 
(I. Hehlhoff studied the cathode full of potential of the gas in a vacuum tube. 
H. K. Skulker and J. V. White investigated the motion of electrons in niliic oxide. 

The solubility ol nitric oxide in different solvents.— According to II. Davy, 
one vnl. of water absorbs ,\,th vol. of gas at ordinary temp. ; W. Henry said that 
one vol. of water absorbs j^th vol. of gas, and J. Dalton, —th vuL Cl. lliifner 
iininrl that UK) e c. of water at 20® absorb 1-706 e.e. of mine oxide at 760 mm. 
1j W. WmkliT obtained for the coeff of absorption, jS, or llic vol. of gas redured to 
11 p (I, ttbsnrbi'd by one vol. of Lipiid when the press, of the gas wiihout the partial 
]iii‘ss of the liquid is 7CU inin.; the solubility, S, or the vol. of gas reduriMl to 
ri p 0, ab^sorbed by one vol. of lif|iiid at 700 iiim, ; and w, the weight of ga‘^ in grains 
ivbsorbcd by 100 gnus, of solvent when the total press, is 760 inin, 

0* 5* 10* l.»“ an* 40" 00" 80" 100" 

J3 . 0 073S n*nri4(i 0-0571 0-0r)15 0-0171 0 0351 0-0295 0-0270 0-0263 

S . 0 0734 0 0611 0 0504 0-0.500 O-OlflO 0-0325 0-0237 0-0141 0-0000 

w . 0-00984 OU0800 0 U0757 O-OUGSO OOOGIB 0-00140 0-00324 0-00199 0 00000 

Acenrduig to J. Dalton, 100 vnls. of nitric arid of sp. gr. 1-3 absorb 20 vnls. of 
iiiinc o^ide. He added that the amount of intnr oxide absorbed is proportional 
1o the pone, of the acid, IINO3; very dil. arid alisorbs warcely any more mine 
oxide than does pure water. A. V. RchapnspUnikolI measured the enefl of 
abhorplinn of nilrir oxide by uitric acid expressed iu litres of gas per litre of acid of 
different Cone., N, at 23® ; 

Cone. . JV- 0-4iV- 0 2iV- O-IJV- 0 075.V. 0-06A’- 0 025A^- 

M) . . 0-3209 0-1448 0-0753 0 03803 0 02B52 0*0195 0 00081 

An acid of sp. gr. 1-517 at 15®/4® absorbs 0-88 per rent, of nitric oxide so that the 
roeff. of absorjdion is 12-5, The speed of absorjition varies with the cone, of the 
acid. C, A. Winkler obtained no absorjdion of nitric oxide by the hydiaie of 
sulphuric and; and M. Berthelot said that nitric oxide is very slightly soluble in 
cone, sulphuric acid. 0. Lubarsch made some observations on this subject. 
K. Desbsssayns de Rirlieinont said that if the sulphurir acid contains a little 
ferrous sulphate, nitric oxide imparts to it a red colour; and if copjier sulphate, 
a violet colour. In the lattei case, W. Manchoi found that the roloralinn is 
due to the formation of an easily dissoriated copper mUosylsulphafe, CuHO, NO — 
ride infra. For the eorrnspniiding compound with ferrous snlphale, vide lufra. 
U. Lunge found that 1 c.c. of sulpliunc acid of sp. gr. 1-04 absorbs ()-U35 c.c. of 
nitric oxide, and an acid of sp. gr. 1-50, 0-U17 c.c. ; and 0. F. Tower, v vol. of 
nitric oxide at 760 mm. absorbed by one vol. of acid 18® and H2SO4 pei cent. 

98 00 so 70 00 50 

V . . . 0*0227 0-0193 0-0117 0-0113 O-OliS 0-0120 

J. Priestley said that nitric oxide is very soluble in aq. soln. of ferrous sulphate^ 
and of othor ferrous salto ; J. Dalton, that a suln, of ferrous sulphate of sp, gr. 1-061, 
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containing one part by weight of ferrons sulphate to six parts of water absorbs 
6 Tols. of nitric oxide. E. P41igot showed that 2 mols of the ferrous salt absorb 
one mol of nitric oxide. If v represents the number of litres of soln. containing 
one mol of ferrous sulphate ; and 8 number of litres of nitric oxide absorbed, then 
V. Kohlschiitter found : 

II . • 1'2 1-8 2-4 4-82 7-2 12-0 18-0 36-0 

S , • 1-47 2-01 2-56 4-dO 5-52 5-36 8-01 10 40 

J. Gay showed that the amount of gas absorbed is proportional to the amount of 
iron present irrespective of the acid, or the cone, of the soln. The absorption is 
also dependent on the temp, and press. Thus, between 0° and 10°, about 2 mols 
of nitric oxide are absorbed per gram-atom of iron ; between 10° and 15°, in agrrr- 
ment with E. F^Ugot, one mol of nitric oxide for 2 gram-atoms of iron ; and at 
26°, only one mol of nitric oxide per 2’5'3 gram-atoms of iron. The sp. gr. of the 
soln. is greater after the absorption of nitric oxide than it was before. The soln. 
are decomposed by heat, and at 100°, all the nitrio oxide is expelled. The cooling 
or evap. of the soln. in an atm. of nitric oxide yields blaclr crystnls which contain 
very little nitric oxide. L. Moser and B. Herzner found that the most ct&ciont 
soln. for analytical work contains 15 per cent, by wt. of anhydrous ferrons sulphate, 
15 per cent, of 64 per cent, sulphuric acid, and 70 per cent, of water. 8. Zimmer- 
mann found that soln. after the absorption of nitric oxide have a smaller conductivity 
than before, and the complex ion containing nitric oxide has a smaller transport 
number than the iron-ion. F. L. Usher found that owing to chemical inttjrni tion, 
neither the f.p. of the soln. nor the press, of the nitric oxide romniiied constant. 
The nitric oxide is reduced by soln. of ferrous sulphaiie so that the vol. of 
gas absorbed graduolly mcTea-ses with time. This interferes with the exact 
measurement of the solubility. G. von Hufner gave for the coclT. of absorption, 
jS, of 20 j*G9 c.c. of a soln. containing w gram-atoms of iron, at 20*00° : 

v> • . 0-0221 0-0296 0-0409 10-9513 0-0063 0-009 

a . . 0-0GO67 0-06505 0-06684 0'079S1 0-08059 ()-J]r>6l 

He argued that the nitric oxide must be in some way attached to tlie melal because 
the amount of gas absorbed increases with the rnne. of (he salt soln.; and he 
added that the ronneetion is so “loose “ that within eeitaiii limits of pres'*., the 
absorption of the gas is in accord with Henry's law. W. Manchot and K. Zf^ehciit- 
mayer showed that the absorption of nitric oxide by a ferrous salt results from the 
formation of a rhemiral compound containing Fe and NO in the proportion 1:1. 
Under all eonditions, therefore, the limit of absorption is reached when 1 mol. of 
nitric oxide has been absorbed for each ferrous atom pn^sent, and corresponds 
with the conversion of Fe" into Fe'". The formation of the compound is a reversible 
reaction ; the degree of dissociation varies with the ferrous salt, but is dependent 
also on the press., temp., cone, of the ferrous salt, presrmre of iniliffercnt solutes, 
and nature of the solvent, to an extent which is in agreement with the laws of 
chemical dissociation. W. Manchot and co-woikcrs regarded the product of the 
reaction as briDUS nitrosylsulphate, ]<'eS04.NO, which was isolated in red leaflets 
by W. Manchot and F. Huttner, W. Manchot, and 1. Bellurci. J. Dalton said 
that a soln. of ferric sulphate does not absorb nitrio oxide^presumably to any 
marked extent. W. Manchot and E. Linckh found that ferrous selenate behaves 
like ferrous sulphate in absorbing nitric oxide, and a similar ring test may be made 
with ferrous selenate and cone, selenic acid. The combination is similar to that 
in the case of ferrous sulphat^o, giving an equilibrium constant on the assumption 
that the combining ratio is 1 ; 1. The equilibrium constant, 162, is rather smaller 
than that obtained with ferrous sulphate. Crystalline fenoiu nitroflylsdeiiateb 
FeSeO4.NO.4H2O, may be prepued by saturating a cone. aq. soln. of ferrons 
selenate, FeBc04.6H20, with nitric oxide in the presence of a little cono, sdenio 
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acid. On adding a large ezoese of absolute alcohol, also sat. with nitric oxide, 
with cooling in a freezing mixture, brownish-black crystals appear after some hours. 
The crystals are unstable, losing nitric oxide when kept in air, but the composition 
ib that indicated above. W. Manchot found that a soln. of ferric sulphate in 90 
per cent, sulphuric acid forms Ionic nitrosylsulphate^ Fe2(S04)3.N0. G. Hiifner 
also found that the coeS. of absorption for 205'G9 c.c. of a soln. of cohdU sulfhaie 
with 0'05[)8 gram-atom of cobalt is 0*09 116 at 20 09° ; and for 205-69 c.c. of a 
Boln. of nichi sulphate with 0*0506 gram-atom of nickel, it is 0-08311. For soln. 
of the same cone., F. L. Usher gave 0*018 at 20° with nickel sulphate, and 0*0215 
for a soln. sat. at 20° \ and for a soln. of cobalt sulphate sat. at 20°, 0*0286. Thus, 
A\liile G. Hiifiirr found the coeff. of absorption of nitric oxide in cobalt and nickel 
sulphat es to be high, F. L. Usher claimed that the presence of these salts diminishes 
tlir> solubility of nitric oxide in water. L. Moser and B. Heizner studied the 
solubility from the point of view of analysis. 

V. IvolilHrliiitter and M. Kuischcroil found that v litres of water containing a 
null of ferrous chloride absorb 8 litres of nitric oxide ; thus : 

. . . 2-5 6-18 10-35 20*7 51-8 

. 3-30 4*83 G-56 8-32 11-80 

Tlir* solubility of nitric oxide in presence of 10 per cent, hydrochloric arid is rather 
l(>s^ tliau ill an aq[. soln. of the same cone., as W. Manrhot and K. Zechtenmayei 
liave obscrvjul, but with 30 per cent, hydrochloric acid, the solubility is approxi- 
mali'ly iloublnil. They also found that a soln. of a mol of ferious chloride in 
1(1*37 litres sat. with sodium chloride absorbed 6-649 litres of nitric oxide ; and when 
till' sodium chloride is replaced by ammonium chloride, 6*549 litres of nitric oxide 
!irr ahborbod. According to V. Thomas, anhydrous ferric chloride absorbs nitric 
oxide at the ordinary temp., forming a brown complex ferric nitrosylhexachloride, 
2Ke(l3.NO; and at 60°, ferric nitrosyldodecachloride, 4FeCl3.NO. The same 
cum])(uindH are formed when nitric oxide is paaned into soln. of ferric chloride. 
At lh(' temp, of sublimation, ferric chloride is reduced by nitric oxide. These two 
salts arc very hygroscopic, and could not be crystallized ; they give off nitric oxide 
wliRU in contact with water ; and when hoatod in air, form ferric oxide. When 
nitric oxide is pnssed into ether sat. with ferric chloride, and the soln. evaporated 
over sulphuric acid, black needles of dihydrated ferrous nitrosyldicUoride, 
Fc( 'lj(N<)).2ILO, arc formed ; and if the crystallization occurs at 60°, yc'llow crystals 
of auliydnms ferrous nitrosyldichloride, FcCL(NO), are produced. This compound 
rl^Molvcs cnmiili'tely in water, without evolution of gas, and yields a pale yellow 
solution, the colour of which deepens when heated. On addition of alkalies out of 
contact with air, ferrous oxide is precipitated, but no gas is evolved. The solution 
gives other reactir)ns of ferrous salts. V. Thomas found that these three nitrosyl 
compounds have no appreciable <lissociation press, at ordinary temp., either in 
vacuo, or in a current of a dry inert gas. Water dissolves ferrous nitrosyldichloride 
without an evolution of gas, and no gas is evolved if the other two compounds are 
addl'd to a large proportion of water ; but if water is allowed to drop on the solid 
rompounds, gas is liberated in large quantity. Potassium hydroxide or ammonia 
behaves similarly with all three compounds, and produces a greyish-white pre- 
cipitato which rapidly bccoiucs bluish-green and, finally, black. There is no 
liberation of gas, and the liquid contains neither a nitrate nor a nitrite, nor ammonia. 
When the black precipitate, produced by alkalis in solutions of the solid com- 
pounds, is placed in a vacuum, it gives ofi a considerable quantity of almost pure 
nitrogen. If a soln. of the nitrosyl dichloride is precipitated with silver nitrate, 
there seem to be indications of the formation of silver hyponitrite; but this 
supposition could not be confirmed, and the phenomena are not shown by the 
other two compounds. Nitric oxide is only very slowly absorbed by solutions of 
the ferrous nitrosyl ohloridos, and seems to act as an oxidizing agent. W. Manchot 
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and F. Hnttner stnAied tlie equilibiinin conditions of the reaction FoCls-f-NO 
^FeC] 2 .N 0 , but I. Bellucci could not confirm the existence of ferrous nitrosyl- 
dichloride. although hn did obtain W. Manchot's ferrous nitrosylhydrophosiihate, 
Fe(N 0 )(IIP 04 ). W. Manchot also prepared copper uitrosplsulphate, ()u(N 0 )S 04 ; 
copper nitrosylchloride, Cu(N 0 )Cl 2 ; and copper nitrosylbromide, Cu(NO)Brs; 

but the iiitrosyl salts could not be obtained with cDp])Gr fluoride, nitrate, acetate, 
tartrate, formal^?, and glycollatc. V. Thomas found that at lO*’ solii. of firrous 
bromide absorb nitric oxide and ap]jear to form lerrons dinitrosylhezabromidei 
3 FcBr 2 . 2 NO ; and at ferrous nitrosyltelxabzoimde, 2 FeBr 2 .NO. These 

results agree with those of J. (ruy obtained willi ferrous sulphate and chloride. 
W. Manchot studied the equilibrium conditions of ibc reaction FeBr 2 -'|-NO 
^FcBro.NO ; but I. Brllucci doubts the existenre of this nitrii.sylbrnmide. With 
ferric bromide the redurtion neeiirs more readily than with ferric chloride, and the 
resulting ferrous bromide nhsnrbs nitric oxide as just indicated. W. Manchot and 
E. liiiickh, and il. I. Krhlc.singor and A. Salathe measured the absorption sjiectra 
of the iiitrosyl copper and ferrous sul])hate 8 . W. Manchot anil E. Linckli found 
that the abaor])tii)n sjiei ira of the nilro-syl compound in soln. of varying concentra- 
tion are indepcnileiit of the fT-, SO 4 -, and ScOi-ainoiis, and are dt^termined by the 
(FeNOl'-ealiun. The sficelra of the green soln. of the ferrous iiitrosyl rlilurido in 
alcohols, CiSters, or hydroclilorir acid are quite similar, iiulicaling lliat liydrogen 
chloride may replace alnoliol or ester in the l•OJnpll‘X which causes the. colour. Tlie 
spectrum of rod soln. uf the ferrous nitrnsyl sulphate, in cone.. Huljiliurir arid, or of 
the chloride in pyridine denotes t hat tlie rolouring nonqdex has a dilTiTent structure,. 
Soln. of cu]»ric nitrosyl salts in rone, sulphuric, arid, alcohol, or ethyl acetate, were 
found by W. Manchot and K. Linckh to have closely similar absorption spectra 
resembling the green tyjie of ferrous nitrosyl salts ; and the colour ajipears to bo 
due to the. CuX^NO oonijilex. The red ferrous nitrosyl salts have no counterpart 
among the copper salts ; nor do brown ropjier salts analogous to brown fiTrous 
nitrosyl salts exist. 11. 1 . tSchle^inger and A. idiilathe, and L. Tambi and L. Szego 
also studied the absorplion spectra of soln. of the nitrosyl ferrous and copper 
sulphates, (il, llufiior found that at L'Ur)‘(>!) c.c. of a soln. uf mtn^gan/ous 

chloride containing U-0697 grm. of manganese, had a coeff. of absorjition O'OOJll, 
and the solubility increased with increasing press. F. L. Usher found a soln. 
of this salt sat. at ‘JU' Imd a coeff. of absorption of D-(K)K 2 . V, Kulilscb utter and 
M. Kulseheroff found that at , 3'2ii| G'mO, and 2tr(0 litres of soln. containing 
a mol oi ferrous nitrate^ absorb ri'spectively 2-77, 4* 10, and G-Gl litres of nitric 
oxide. They also obtained with ()'231, 0*277, and 0*371 litre of a soln. print aining 
a mol of cupric chloride, an absorption of 0*120, 0*09B, and 0*052 litre respectively 
of nitric oxidi‘. ; with v litres of cone, hydrochloric acid containing a mol of cupric 
chloride, S lit res of gas wore absorbed. 

V . 0-389 0-840 1-230 2-4G2 7-109 12-000 18*750 28-050 

S . U-HUl 2-h:)8 3-12li 3-089 3-931 3-GOO 3*153 1-07G 

They also tried soln. of cuprie chloride in acetic acid, formic acid, acetone, and 
metliyl and ethyl alcoliols. With 0*37, 0*G2, and 0*925 litre of srdii. with a mol of 
crtjyric bromide, 0*515, 0*120, and 0 ()00 litre of nitric oxide witc respectively 
absurbcrl. They also tried soln. of cupric bromide in ethyl alcohol. E f clignt 
found that nitric oxide is absorbed by aq. soln. nf stannous salts {inde infra) and 
chromous salts. Aceonling to G. Chesneau, a soln. of chromous chloride absorbs 
nitric oxide in the ratio Cr(!] 2 : NO -3 ; I, and the blue liquid becomes dark red. 
When hcat/cd, the nitric oxide is not expelled as in the case of ferrous salts, but the 
liquid becomes greenish-brown, and the nitric oxide is reduced to ammonia oi 
bydroxylaininc. The action of nitric oxide on soln. of chromous salts was abo 
studied by V. Kohlschiitter, and J. Sand and 0. Burger. 

Nitrosyl compounds of copper, manganese, iron, cobalt, nickel, and palladium 
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are also known. W. Manchot and H. Schmid described the ])reparation of potas^ 
diim manganese nitrosylcyanidei EsMnCysNO, from the action of nitric oxide on 
a 6oln. of potassium cyanide and manganese chloride or acetate. W. Manrhot 
and A. WaldmtiUer prepared palladinm dinitrosyldichloride, PddoiNO)^, by the 
action of nitric oxide on a soln. of palladous chloride ; with palladous sulphate, 
pailiiiiinin diniixosylsiilphatei PdS 04 (N 0 ) 2 , is formed ; and with palladium nitrate, 
palhrlium nitrite, rd(N 02 ) 2 » is formed. 

E. Eunscu found that S vols. of nitric oxide reduced to n.p.t. are absorbed by 
one vol. of absolute ethyl alcohol at 750 mm.| 

0* S'* lO* 15* 20* 21* 

8 , . 0 31600 0-209S5 0-28609 0-27^78 0-20592 0 JCOOO 

and L. Carina reprcaontod iho results by 5— 0-21G0G— 0 0034870 1-0 00004902 
bi^twccn U° and 25'*, and 7G0 mm. L. 11. Friedburg found that nitric oxide is 
iibiuidaiitly absorbed by carbon disvlphide. Alkaline soln. of pyroyaltol were shown 
by yc. Lapiaik, and G. Ijcrharticr, to absorb nitric oxide, and by C. Opprnlicimcr 
1 II rcfluro It to nitrous oxide. R. A. Smith said that charcoal absorbs 12‘G6 times its 
vol. of nitric oxide ; and C. Moiitomartini found that 4-141 grins, of palladium 
lilark absorbed 103-6 r.c. of nitric oxide in 2 days. 

Hie chemical properties ot nitric oxide.— Nitric oxide is not combustilde, 
and it supporls the comlmstion of a few substances, but not tbat of a candle. 
Nitric oxide is irreN]iirable sinre, in the presenpc of air, it forms biown lumes of 
nitrogen peroxide. L. Hermann® said that oxygenated blood is darkened when 
shaken with nitric oxide, and it seeina to form a in1rosylh(rmaglohin. W. Manchot 
discussed the rompounds formed by nitric oxide with blood. F. Hntton showed 
thill the bacteria which are cunnerted with the putrefaction of meat extracts 
dovidop quite well iii an atm. of nitric oxide. 

The analyses of 11. Davy, and J. L. Gay Lussac and L. J. Th^nanl show that 
nitric oxide has the empirical composition NO. This formula agrees with the 
]ilivsii'al properties of tlie gas. Oxygen is bivalent, liimcc the nitrogen in nitric 
oxide also behaves as a bivalent element : 0 -N ; but nitrogen is usually ter- 
or (piinqiie-valeni, so tliat nitric oxide is usually considered to be an uiisaturated 
compound. No evidencis of the existence of 0- N— N—0 has been observed. 
(\ Weltzien considers that the radicle NO is Ronietimes univalent, and sometimes 
bivalent, J. 0. Tbondiiisnu’s calculations of the thermnchemiral eq. of nitrogen 
ill nitric oxide favoured the assumption that the oxygen is quinquevalent. 
K. Muller discussed this subject , and K. C. Stoner, and C. 1). Niven, the electronic 
structure. 

Nitric oxide is one of the most stable oxides of nitrogen. J. L. Gay Lussac ® 
ebserved that when nitric oxide is passed through a red-hot tube, which contains 
platinum wire, it is decomposed into nitrogi’ii and nitrogen peroxide ; but 
W. R, E. Hodgkinson and F. K. B, Lowndes observed no decomposition when a 
lilutinum wire is electrically heated in an atm. of nitric oxide. M. Berthelol found 
that the gas begins to decompose when heated in a sealed tube at 520°, and in half 
an hour, about one-fourth of the gas is decomposed into nitrogen, nitrous oxide, 
and nitrogen tri- and per-oxid(‘8. K. Jcllinck noted that decomposition can be 
detect eil at C89°, and that moisture has no influence on the xcactinn. For the 
equilibrium conditions, vide ^upra, the fixation of nitrogen. F, Emich, and 
0. Langer and V. Meyer noted that the gas is comjJetply decomposed at about 
1(190® ; at 7(X)°, about 0-5 per cent, is decomposed ; at .900*, one per cent. ; and at 
1200®, 60 per cent. The dissociation of nitric oxide ; 2NO^N2 f-Oa, willi rise of 
temp, has been discussed in connection with the fixation of nitrogen. K. Briiier 
and N. Boubnofi studied the reaction over the range of press, from 50 to 700 atm., 
and over the temp, range from —DO® to 300°. Nitrogen, nitric and nitrous oxides, 
and nitrogen trioxido and peroxide were among the products. It is inferred that 
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the main reactions are: 2 N 07 ^N 2 -|- 02 ; and 4 N 0 = 2 N 20 + 02 . The latter pre- 
dominates. The other nitrogen oxides are supposed to be formed by the secondary 
action of oxygen on untransformed nitric oxide. The reaction was studied by 
W. Muthmann and H. Hofer, C. Moiner, W. Nemst, J. Brode» and P. A. Guye and 
F. Schneider — vide supra. E. Calberla said that at a bright rod-heat, all the gas 
is decomposed in the presence of silver, but F, Emich could not verify this state- 
ment. While the reaction: 2 NO=^N 2 ‘i ~02 ^ bimolecular in the gas phase, 
C. N. Hinshelwood and T. E. Green found that it is unimnlecular on the surface of a 
heated platinum wire between 273° and 1631^ It is not influenced by nitrogen, 
but is retarded by oxygen. Thus, the velocity constant falls from 0-0023 
with a 13 per cent, decomposition, to 0*0007 with 40 per cent, decomposition. 
M. Borthelot found that if mercury fulminate be exploded in nitric oxide, the gas 
is decomposed. J. Priestley observed that the gas is decomposed by the passage 
of electric sparks, forming, according to M. Berihclot, nitrogen, oxygen, and a 
trace of nitrous oxide. The decomposition of lutric oxide by electric sparks wns 
noted by H. Bufi and A. W. Hofmann, W. R. Grove, and T. Andrews and F. G. Tail. 
The decomposition of the gas by radiations of short wave-length was noted by 
E. Warburg and E. Regen er. C. B. Bazzoni and A. T. Waldie said that at press, 
ranging from 0-1 mm. to 180 mm., nitric oxide is not dissociated either by heat 
radiation or by ultra-violet light ; but D. Bcrthelot and H. Gauderbon observed 
that it is decomposed into nitrogen and oxygen by the light from a miTcury quartz 
lamp, and that the oxygen unites with the remaining nitric oxide to form luglmr 
oxides. According to E. Brincr and A. Wroezynsky, if nitric oxide be nlloweil to 
remain at a high press, in a sealed tube, drops of a blue liquid are first noticed 
at 28 atm. press. ; 6 NO— 2 N 2 O 5 -I-N 2 . E. Brincr, and co-workers observed nitric 
oxide under prolonged compression decomposes, yielding a blue liquid which consists 
of a mixture of nitrous oxide and nitrous anhydride. Nitric oxido decomposes 
to give nitrous oxide and oxygen, the oxygen reacts with unchanged nitric oxide, 
yielding the peroxide, which in turn may react with nitric oxide to form the tri- 
oxidc. The decomposition is very rapid at 7U0 atm. At lower press., the reaction 
is retarded by corrosion of the glass vessels by nitrogen peroxide. Freshly pre- 
pared and condensed nitric oxide is only very faintly blue in colour. Multiple 
liquefaction does not affect purification, since the blue colour gradually increases 
in intensity. Liquid nitric oxide is probably colourless and the blue tint is due to 
nitrous anhydride. E. Briner and co-workers studied the decomposition nf nitric 
oxide at 700 atm. press. 

C. L. BerthoUet contradicted the statement of A. F. ile Fourcroy, and T. Thomson 
that when a mixture of equal vols. of nitric oxide and hydrogen is passed through 
a red-hot tube, a detonation occurs. D. Waldie found that a mixture of nitric 
oxide and hydrogen burns with a white flame in air, without explosion, forming 
nitrogen peroxide ; the hydrogen is said to be oxidized by the atm. oxygon, since 
a hydrogen flame is extinguished in nitric oxide. C. von Than determined nitric 
oxide by exploding a mixture of it with hydrogen by an elect ric spark : 2 NO-t 
=N 2 + 2 H 20 . n. Davy obtained no explosion by sparking a mixture of equal 
vols. of hydrogen and nitric oxide. S. Cooke said that it requires intense and long 
sparks to explode the 1 : 1 or 2 ; 1 mixture of nitric oxide and hydrogen, while a 
mixture with more than 3 : 5 of hydrogen can no longer bo exploded. C), von Than 
found that the reaction 2 N 0 -|- 2 H 2 =N 2 ~ completed by sparking the 

mixed gases. C. N. Hinshelwood and T. E. Green found that the homogeneous 
reaction between nitric oxide and hydrogen between 727° and 827° is tcrmolpcnlar, 
proceeding according to the ultimate reaction 2 NO-I- 2 K 2 --N 2 + 2 H 2 O at 826°, the 
value of K in d[NOJ/i/=K[NOHH 2 l, ranges between l*()8xl0"’ and l-OOxlO*"^ 
lor considerable variations in the concentrations of hydrogen and nitric oxide 
expressed in mm. press., and the time in seconds. There is a small surface action 
winch becomes more marked at lower press. The heat of activation is 44,000 cals. 
M. Faraday observed that a platinum plate in the mixture gradually induces 
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combluatlon. G« vou Knorre and E. Arndt deteimined the nitric oxide in a gaa 
from tho contractiDD which ocenn after passing a mixture ol it with hydrogen over 
heated platinum sponge : 2NU’f 2H2=^N2H''2U20. According to S, Cooke, a little 
hydrogen occluded in platinum reduces nitric oxide to nitrogen and nitrous oxide, 
but with more hydrogen, hydroxylamine, and ammonia are formed. L. Du]>aTC and 
00- workers found that mtiic oxide is reduced by liy drogrm in the presence of platinum 
or rhodium to ammonia, while nitioos oxide always yields nitrogen. E. Ludwig 
and T. Hein found that with nascent hydrogen from tin and hydrochloric acid, 
hydroxylamine is formed (;.u.) ; J. H. GlacUtone and A. Tribe, that with a copper- 
zme couple, ammonia is produced ; and 11. S. Fclgatc, that nitric oxide is reduced 
to nitrogen by passing the gas through water with nickel reduced from the hydroxide 
by hydrogen. The nickel is at some time oxidized. A colloidal soln. of nickel 
dues nut produce tlie same result. V. Sabatier and J. B. Senderens observed no 
reduction when palladium sat. with hydrogen is surrounded by nitric oxide in the 
cold, but at 200°, the metal glows, forming water, ammonia, and a lit lie nitrogen ; 
nickel and copper at 160° also act as catalysts in this reaction ; F. Neogi and 
B. B. Adliicaiy said that the reaciiou with nickel commences at 300° and then pro- 
reeds at 120° almost quantitatively ; they also found that the reduction of nitric 
ovide in the presence of 3 times its vol. of hydrogen pioeeedB almost quantitatively 
m the presence of finely divided tin, iron, or zinc, whilst magnesium, mercury, 
aiul aluminium are iiiaclive. Autimony and bismuth when freshly reduced from 
their oxides alno exert a catalytic action. Gold, silver, or lead iu the form of foil 
arc almost inactive, but the freshly reduci^d metals in the form of powder cause the 
produciioii of large quantities of ammonia. Gold acts best at 335°- 345° ; and 
silver at 430°. E. Bnner and co-workers found that platinum with the alkaline 
earths as promoters was the must advantageous catalyst tried ; and they found 
a ))arallidisin between the calaljrtic efiiciency and the electronic emission, 
P. A. Guye and V. Schneider represented the reduction of niirLc oxide by nickel as 
the result of two consi^cutive reactions, one giving ammonia: 2NO-f5H2 
- 2NH3-I-2II2O, and the other nitrogen: 2N0-l-TJ2=^N2+Ho0. No nitrous 
oxide lb produced. A temp, of 250°-300° is most suitable for the ammonia-reaction 
wlien 70 per cent, of the nitric oxide is transformed with ammonia. H. Gall and 
W. Maijchot found that the NO-group of sodium nitropnisbidc was not reduced by 
liydrugen to the NHs-group with aq. soln. and spongy ]ilatinum as catalyst. 
11. Moissan found that when calcium hydride is heated to dull redness in an atm. 
of nitric oxide the mass becomes incandcseent and much ammonia is formed — 
Vide supra^ the formation of ammonia. 

The early workers observed that when nitric oxide is brought in contact with 
air or oxygen, ruddy fumes of nitrogen peroxide are produced 2NO4-O2— ^NO^. 
Numerous lecture expciinicnia have been devised for illustrating this reaction - 
Bf/. by G. Bruylants, I'ic.^ide infra, nitrogen peroxide, and vide supra, nitroso- 
nitrogeu trioxide for the action of oxygen on nitric oxide at very low temp. 
R. Pirtct found that the rcuctinu occurs very slowly at —80°, but at —120°, there 
is 110 reaetion. H. B. Baker showed that if the gases be thoroughly ilricd, nitric 
oxide does not react with oxygen, although F. Emich did not succeed in the demon- 
stration. According to J, L. Gay Lussac, and E. Pciigot, in the cold, and in the 
absenre of water and bases, nitrogen peroxide is the chief product; while 
F . L. Hulong, and J. J. Berzelius hold that nitrogen trioxide is formed. M. Berthelot 
said that iu the presence of an excess of oxygen, nitrogen trioxide is first formed, 
and afterwards nitrogen peroxide is produced. This was confirmed by F. Baschig, 
who alro suggested, without proof, that higher oxides arc formed. He also stated 
that nitric oxide and oxygen unite in the fraction of a second to form nitrous 
anhydride : (n+l)02+4N0->n02-|-2N203, and the anhydride, N2O3, then slowly 
oxidizes to the peroxide, N2O4. G. Lunge and co-workers claimed that with au 
excess of oxygen, nitrogen peroxide is first formed ; and if nitric oxide be iu excess, 
both nitrogen tri- and peroxides are formed, and at —21°, the nitrogen peroxide 
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nniteB vath nitric oxide, fonning mtiogcn triozide (g.v.). If water is present, and 
the oxygen is in excess, only nitric acid is formed, and in the presence of sulphuric 
acid, nitrosylsulphonic acid is produced, but no nitrogen peroxide or nitric acid 
is formed. 0. Lunge and E. Bcrl said that the reaction: 2 NO-I-O 2 -- 2 NO 2 is 
tcrmulccular. The data were found by G. W. Todd to give sensibly constant 
values for the velocity coeff. at 20° with oxygon and nitric oxide ; but with air, 
higher values are found in the earlier stages of the reaction. Tliis is ascribed to 
the time required for mixing the reacting gases. F. Haber and W. IJolwoch, and 
F. Forster and A. Blich found that the oxidation of nitric oxide to nitrogen peroxide 
is a comparatively slow reaction, and the latter obtained a small negative velocity 
cocQ. between 0° and 100°. They therefore assumed that a direct addition of oxygen 
to form a complex oxide occurs : N 0 -|- 02 =N 0 . 0 a, which then reacts with a second 
molecule of nilnc oxide to form nitrogen peroxide : N0.02-|-N0^2N0». The lirst 
reaction is reversible and the equilibrium state with a rise of temp, favours the dis- 
sociation of the complex oxide. The smaller cone, of the complex oxide at the higher 
temp, more than count (*racts the increased velocity between tin* cumjdex oxide and 
nitric oxide. The subject was disnisaed by J. Wiswald. 

L. Franresconi and N. Sciacca showed that at the temp, ol liquid air, the action 
of oxygen on iiitrie oxide results in the formation of nitrogen ])eroxi(]e, whatever 
proportions of nitric oxide and oxygen bo taken, provided the temp, be below 
— 110 ° ; only above — 100 ° is nitrogen trioxide traUNformed by oxygen to nitrogen 
peroxide ; and nitrogen peroxide is reduced by nitric oxide to nitr 4 »ge]i trioxide at 
temp, below —150". Aerording to A. Sanfourche, the first, stage in the oxidation 
of nitric oxide : 4N04 O 2 2 N 2 O 3 , is practically instant aneoua and independent 
of temp, between --50° and 52r)°. The sepoud stage is a reversible process: 
2 N 208 + 0 o^ 4 Iv 02 . The equilibrium is displaced from left to right up to 2 U 0 ', 
but tends more and more from right to left as the temp, rises from 2 (K)‘ to 
525°. The velotity of the oxidation has been ineasiin^d by M. Bodenstein, tlie 
reaction is termolecalar, and a rise of temp, lessens the S|)eed of the reaction 
where Oj denotes the cone, of nitric oxide, and ( D, 1 liat of oxygen. 
E. Driner and E. Fridori said that over the interval of temp. 0°-60", lowering the 
temp. 10 ° raises the velocity 10-20 per cent. The spcf^d of the reaction was also 
studied by M. Trautz, E. Brincr and co-workcrs, S. Dushman, and G. B. Taylor 
and Go-'workers. E. Wonrtzel found that the reaction is of the third order, with a 
velocity- Aaf-p, where x dcnulcs the partial press, of the nitric oxide ; and 
]), that of the oxygc'ii. £. Briner and co-workers found that the third order o/ 
reaction bceumrs of the second order when a large excess of oxygi'ii is present. 
A little nitrogen trioxide is formed: N 0 -l-N 02 --“N 20 g. According to A. 8 an- 
fouTche, in tlie presence ol water, nitric oxide is oxidized to nitrogen trioxide 
and not to the peroxide, the trioxide then being decomposed by the water, giving 
nitric acid and a partial regeneration of nitric oxide. In the presence of nitric 
acid (ap. gr. 1 ' 5 ), however, tlie nitrogen trioxide is oxidized with the formation ol 
the peroxide and waUT, according to the equation 2 I 1 N 034 N 2 O 3 — llgO-f 2 N 2 O 4 . 
This oxidation is first noticeable with nitric acid (sp. gr. 1-3), which has a concen- 
tration of apiiroximately 50 per cent, but is not complett^ and progresses further 
HS the coucentralion of the nitric acid used is increased. £. Briner concluded that 
although water favours the reaction, its presence is not an essential condition 
for the reaction iictwccii oxygen and nitric oxide. 

In 1B4G, I. T. Jullion patented the use of platinized asbestos for the oxidation 
of nitric oxide to nitric acid. C. L. Burdick found that between 0° and 1U0°, the 
oxidation of nitric oxide by oxygen is not catalyzed by ordinary porous materials 
— glass, pumice, or pumice impregnated with tungstic oxide — but with other 
agents— nickel, cobalt, or nickel, cobalt, or manganese oxides, platinized pumice 
ur aBbesio.s, coke, or charcoal— the reaction is accelerated. In the case of the 
highly absorptive varieties of charcoal, the reaction may be accelerated 500 times. 
Tlic presence of water vapour in the gaseous mixtures greatly decreases the activity 
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of tlie charcoal catalyfita. An incieasd of temp, above the point at which the 
aq. vap. condenses counteracts this effect to some extent. The temp, ooeff. of 
tlie velocity of reaction for both the catalyzed and uncatalyzed change is generally 
I) egative. In the presence of water vapour, the temp. coeS. of the catalyzed reaction 
is positive. This is probably due to the decreed absorption of water by the 
ratalyst at elevated temp. The velocity of reaction increases greatly as the temp, 
is lowered, particularly at very low temp. The temp, coeif. of the velocity constant 
(defined as the ratio of the velocity constants at two temp, differing by 10 °) decreases 
from 0-96 at 70° to 0^85 at —180°, in contrast to the values of 2-3 for ordinary 
reactions. The oxidation of nitric oxide is greatly fanlitateJ by the cooling of 
the gases, particulaTly if the cooling takes place immediately the gases leave the 
arc, H. L. llaschc found that the reaction is accelerated by moisture, and the 
decrease in velocity observed when the interior of a glass vebsel is coated with 
paruifin is attributed to a decreased film of moisture on the surface. The speed 
of oxidation can be reduced 30 per cent, by excluding water. There is a period 
of induction which is a function of the press, and of the humidity of the gas. The 
inoisluro is supposed to act as a catalytic agent : NU-fHoO -NU.TLjO ; KOJl^O 
1 -N 0 --(N 0 ) 2 JI 20 ; and (NO)o.H 20 + 02 --No 04 (f^ 2 N 02 ]+ll 20 . The presence 
of hulpliiir dioxide, or of nitrogen peroxide, had no perceptible influence. 
M. Ijatshaw and W. A. Patrick studied the rate of oxidation of nitric oxide 
m an upjiaratus in which the changes of press, of the manometer were recorded 
on a photographic film mounteil on the drum of a kymograph. 11. L. Ilascho 
obtttTVcd that a period of induction occupying about 10 seconds occurs when the 
initial pressure of tlio mixed gases is below 14 mni. of mercury. J. L. (lay Lussac 
obs<Tved that a mixture of one vol. of oxygen with not more than four vols. of 
julric* oxide, in the presence of i)ot ash-lye, foriua }mtas.siuiu nitrate ; and T. tichlbsing 
bliowL'il that if oxygen be in excess, the nitric oxide is converted completely into the 
nil rat'*. F. Fischer said that some nitrite is formed. W. A. Lampadiiis reported 
that il nilric oxide be added to oxygen standing over water at about 52° some 
nitric acid is formed. A. K. Brewer and F. Daniels showed that when nitric oidde 
IS oxidized between oppositely charged electrodes a current of electricity passed 
through the gases. The current is of the order of 10 ^^^ amperes for the oxidation 
of 5U c.c. of nitric oxide per minute n^acting in a field of 150 volts per cm. This 
corresjionds with about one ion for every mdlion molecules reacting. The current 
is directly proportional to the voltage and to the imniber of mo]i‘CulcB reacting. 
No eviilencc of a saturalion current could be detected. A. Maiidl and F. Kuss 
found that the reaction with a mixture of 2 vols, o[ nitric oxide and one vol. of 
oxygen does not always go to an end. In some oases, only 97 per cent, of the nitric 
oxide is oxidized. Thus, electrolytic oxygen is said to be more active after passage 
over heated palladium. The retardation is possibly duo to traces of hydrogen 
dioxide or ozone in the oxygen either directly or by the destruction of some 
catalyst neecbsary fur the reaction. W. Hulweeh denied the phenomenon, and said 
that Ibe bpeed of the reaction is tho same with oxygen from all sources. For the 
reversibility of this reaction at high temp., vide ^nfrtf, nitrogen peroxide. G. Korn- 
feld observed that the reaction with the two paramagnetic gases : 2 NO+O 2 — N 2 P 4 , 
is slightly accelerated by a magnetic field. 

A. Reis and 0, Wuldbauer obtained steady flames from mixtures of methane, 
nitric oxide, and oxygen ; and the flames could be reatbly separated into two cones. 
If small purcentages of nitric oxide are present, the gases from the iimcr cone contain 
ammonia, hydrogen cyanide, and acetylene. The proportion of hyilrogen cyanide 
decreases with increasing height, while the proportion of ammonia rifles to a 
maximum, and then falls. This shows that the ammonia is derived from the 
hydrogen cyanide. If a large proportion of nitric oxide is present, the inner cone 
has the appearance of suhstances burning in nitrogen peroxide. Here 90 per cent, 
m the nitrogen peroxide is transformed into nitric oxide, whicli then passes out of 
the inner cone unchanged ; from 25-33 per cent, of the methane also escapes from 
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the inner eonc unchanged. The hydrogen ia almost wholly oxidizedi but the 
carbon nianoxido is only slightly oxidized. Some formaldehyde is present in tlio 
gases between the two zones. The gases between the zones contain 40 per cent, 
of nitric oxide mixed with combustible gases and va]>0UTS. In this ziuie, too, the 
nitrio oxide is only slightly decomposed, but the methane is unchanged ; and the 
cone, of the hydrogen increases upwards while the cone, ol tlic carbon monoxide 
decreases. When the gases between the two zones contain snfllcient oxygen, a 
new cone appears between the inner and outer cones, and in the middle cone, the 
combustible gases are burnt at the expense ol the nitric oxide. A. Pinkns observed 
no sign of ionization in the oxidation of nitric oxide by oxygen ; but A. Piiikus 
ind M, dc Bchulthess found that the reaction between cone, ozone and nitric oxide 
takes place with the evolution of light, and has the character of an explosion when 
the quantity of ozone present is small. A. K. Brewer noted ionization in the 
oxidation of nitric oxide by oxygen at 50® and 585“, and by ozone at 50". 

According to J. L. Gay Lussac, if a mixture of water vajmur, oxygen, aiul nitric 
oxide be passed through a red-hot tube, containing some platinum wire, nitric acid 
is formed. According to P. Villard, at 0° and 10 atm. press., or at 12“ and 45 atm. 
press., an unstable hydrated nitric oxide is formed. W. J. Russi^l and W. La])niik 
found that if nitric oxide and water be heated for a long time in a sealed tu1)e, 
nitrous acid, nitrous oxide, and nitrogen are formed. S. Couke said that nitric 
oxide is gradually altered by prolonged contact with water, and if platinum be also 
present, there is a large contraction, and nitrous arid witli some nitrogen and 
nitrous oxide are formed ; without the platinum, the reartion occupies nine niunllis 
at ordinary temp. ; but at a higher temp., the reaction is faster. Accurding to 
L. Moser, E. J, Joss, and S. ZiinmPTinann, nitric oxide cannot be preserved uwt 
water without change, partly owing to the dissolved oxygen, and partly o^nng to 
hydrolysis: 4 NO-I- 2 II 2 O 2JlN02'f lloN.j>02 ; as A. TIautzsch and L. kaiiflnirinn 
have shown, the hyponitruus acid produces nitrous oxide and ammonium nilriti\ 
which further decomposes into nitrogen. This product increases slowly w^ith tlie 
length of time the gas remains over water. The moist gas can, however, he kept 
indefinitely over mcrcniy without change. R. R. Felgate found that the react inn 
with hut water is accelerated by nickel with the production of nickel oxide and 
nitrogen. For the solulnlity, vide supra. The aq. soln. does not riMlden litmus. 
J. L. Gay Lussac, and W. J. Russell and W. La])raik ohservc'd that when in contact 
with a cone. aq. snln. of potassium hydroxide, ]) 0 tassium nitrite and nilrnus oxide 
are formed ; 4N0-|-2K0Jl--N2O+2KNO2+il2G ; and S. Cooke found that the 
reaction is spceilier if platinnin be present. G. fiarr, and R, Cooke said that some 
nitrogen is also formed. F. Einich noted that at 112"“113°, solid pntasMuiu 
hydroxide reacts quickly with nitric oxide. 0. Raudisch and G. Klinger repre- 
sented the reaction ; 4NO-1 02^ 4K01I= 4KN()2-|-2Il20, and utilized it 111 
removing nitric oxide from gases ior analysis. F. L. Usher also found that the gas 
is decomposed by potash-lyc so that the solubility of tbe gas washed by pulash-lye 
is greater than when washed by cone, sulphuric acid. According to C. F. Hchonbcin, 
h^fOZen dioxide in excess converts nitric oxide into nitric uciJ, and if not in excc.<N.s, 
some nitrous acid is formed ; if the soln. be shaken with ether, and tbe nitrous acid 
be removed by alkali-lye, the neutral ethereal layer, when treated with an acid, 
yields nitrous acid. L. Spiegel suggested that the acid is formed by the action of the 
ozonized ether on i^tm. nitrogen. U. Wilfarht determined nitric oxide, by traiisf i>i in- 
ing it into nitrate by an alkaline soln. of hydrogen dioxide, and titrating back with 
a standard soln. of potassium permanganate. 

H. Moissan and P. Lebeau ^ found that nitric oxide reacts immcdiaiely with 
fiuorine with the production of a pale yellow flame, and when the nitric oxide is in 
excess no volatile compound of fi^uorine is obtained, but the heat developed by the 
reaction decomposes the nitric oxide into nitrogen und oxyg(m, the oxygen reacting 
with the excess of nitric oxide to form nitrogen peroxide. By the action of nitric 
oxide on excess of fluorine at the temp, of liquid oxygen, a white solid is obtained, 
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iiitro3:yl fluoride, 1N0+F2=N24'2N02F. According to J. L. Gay Luasac, a mix- 
ture of nitric oxide with half ita vol. of <^oriiie at —If)'’ to —20'^ foims a pale orange* 
yrllow gae whuh condenses to a dark brown liquid which is a mixture of nitrosyl 
and niiroxyl chlorides. E. Uavy, nnrl C. F. Hchdnhein studied this reaction, and 
bromine and iodine were found to react similarly. M. Bcrthelot said tliat nitrio 
oxide is soluble in bromine. H. H. Landolt found that bromine reacts with nitric 
oxide, forming bromonitrous acid, or broiuoniiric acid, N02Br2 or NOBrs; but 
( ). Krohlich said that only nitrusyl bromide, M OBr, is formed, and that II. li. Landolt’s 
])ri)duL'Ls were a mixture ol uitrosyl bromide and bromine. C, F. Schonbein found 
that nitric oxide reacts on iodine suspended in water, forming hydriodic and nitric 
acids, M. Trautz and F. A. Hengloin observed no signs of ionization during the 
rnurtion : 2NO+Cl2^2NOCl, and the reaction 2N0 f Br2?i2NOBr. A. Pinkus 
said that ionization occurs in the former case if the chlorine be in excess, but this 
could not 1)0 confirmed. W. II. Rodebush and T. 0. Yntema observed that a 
uuxture of hydrogen chloride and nitric oxide, when cooled to the temp, of liquid 
air, furnishes a purple solid; this melts to a purple liquid between —153° and —143°, 
wlien it has a sp. conductivity of 10^^ ohms, a value near that for 0-01 V-KOTT. The 
vap. press, nf the purple liquid is near that for hqiiid nitric oxide. It is assumed that 
au unHtalile complex is ftiniied between —153° and 143°, and is possibly (NOJI) ■*■(11“, 
hifpomirous rhUvruk, E. T. C^humpman found that boiling cone, hydriodic add 
absorbs nitric oxide slowly, forming ammoiiia and iodine. A. J. Balanl showed that 
tlip reai'lion with chlorine monoxide is explosive : C^O-f NU— NO2-I-CL ; and with 
hypochlorons acid and hypochlorites, chlorine and nitric acid are formed. H. Davy 
obwTvcd that red fumes are formed when nitric oxide is brought in contact with 
euchlorine. 11. Reinsch found that when nitric oxide is ]iassed into a flask of 
hirdrogen chloride, a yellowish-green oily liquid is produced along with some colour- 
lissh crystals which decompose with effervescence when treated with water. Both 
solid and licpiid slowly decompose and give off chlorine. E. Briner and 
A. Wroezynsky found that in sealed tubes at 50 atm., a mixture of nitric oxide 
ami hydrogen chloride dues not rliangc, but at 500 atm. press., the mixture ron- 
deuscs in liquid air to deep reddi.sh- violet solid, doubtless an additive compound. 
At the ordinary temp,, the highly coini»Trssed mixture is a ctdoiirless gas, which after 
a linu‘ dejmsits two liquids, tlie layers gradually increasing from day to day. The 
jiale red layer is nitrusyl chloride, and tlie pale yellow layer is water containing 
dissolved nitrosyl chloride. The action 4NO^ 4^11Cl->2N0Ul^-2H20^-^2 + Nn is 
strongly rxotliemiir. If the tube eontains excess of nitric oxide, the two liquid 
layers are slowly converted intu one deep green liquid of unknown composition. 
K. Weber said that nitric oxide has no action on potaasium iodide. According to 
II. A. Audeu and G. J. Fowler, potassinm chlorate is attacked at ordinary temp, 
by nitric oxide, forming chlorine, nitrogen peroxide, putassiuin nitrate, and a trace 
of ])erclilorate ; K. A. Hofmann and co-workers found that the reactiou begins at 
210' with the production of potassium nitrate, chlorine, and oxygen ; the reaction 
IS faster at 300". The liberated oxygen oxidizes the nitric oxide to some extent 
and some nitrite is formed. H. A. Auden and G. J. Fowler found that barium 
chlorate behaves similarly ; and silver chlorate gives silver chloride, etc. ; potas- 
sium iodate at 80° gives iodine and potassium nitrate ; silver iodate at 110° forms 
silver iu^de ; pota^um perchlorate is attacked at 300°, forming potassium nitrate ; 
and barium periodate, B0IO4, at 388° liberates iodine. 

The flame of burning suljihur is extinguished in nitric oxide. According to 
0. CLevrier,B the passage of electric sijarks through a inixlure 0/ nitric oxide and 
sulphur vapour re.sulls in the fonnaiioii of nitrous acid, siilpbiir dioxide, and the 
BO-calleil chamber crystals. C. Leconte found that equal vols. of hydrogen sulphide 
and nitric oxide react in a few hours, forming some nitrous oxide and ammonium sul- 
phide. T . Thomson said the driedgases act most rapidly, but C. Leconte, and G. Lunge 
said that the dried gasei^ do not react at all, S. Cooke noted that a mixture of 
hydrogen sulphide and nitric oxide can be exploded by electric sparks. G. Ville 
VOL. vm. 2 1- 
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found that when nitric oxide is mixed with an excess of hydrogen sulphide, and 
passed over healed soda-lime, ammonia is formed. J. Priestley, and H. Davy 
observed tho reduction of nitric to nitrous oxide by the action of potassiiim 
sulphide, dry, or in aq. soln. H, Davy found that pyrophoric potassium sulphide 
inflames in nitric oxide. Heated barium sulphide removes the oxygen from nitric 
oxide. A. Klemenc studied the oxidation of sulphides by nitric oxide. According 
to J. Felouze, nitric oxide mixed witli half its vol. of sulphur dioxide, standing 
over water, forms nitrous oxide and sulphuric acid ; It. Weber said that tho trans- 
formation is not complete in 14 days at 22-5° ; but Q. Lunge said tho reB4Stion is 
complete in 48 hrs., and all the nitric oxide is reduced to nitrous oxide ; a mixture 
of nitric oxide, sulphur dioxide and oxygen in the presence of water always forms 
some nitrous oxide, even wlien the oxygen is in excess. E. Kiihliiiann showed that 
nitric oxide is reduced by sulphur dioxide in the prcs(‘nco of platinum sponge, 
forming nitrous oxide and water. The reaction prcMccds quickly — ^particularly 
if the mixed gases be warmed. A. Klemenc, and L. Moser and 11. Jlerzner studied 
the oxidization of sulpliitcs by nitric oxide — vide the manufacture of sulphuric 
acid by the chamber process. L. Moser and K. Herzner found that the best mixture 
for absorbing nitric oxide contains 11-15 per cent, by wt. of anhydrous sodium 
Bulpliati*. one per cent, of sodium hydroxide, and 88-81 per cent, of water. E. Briner 
ami A. Wroezynsky found that a mixture of nitric oxiflc and sulpliui dioxide in a 
sealed tube at 50 atm. press, dues not change, but at 5lX) atm. press., a pale green 
solid is formed which is thought to be a soln. of nitric oxide m wmlpliur trioxidu 
formed by the reaction : 2N0-|-2802 -2S()3-1 A. (Iraire olHcrved that nitrous 
oxide is formed by the slow interaction of sulphur dioxide and nitric oxide in the 
lii[uid phase— c.r;. as in a soln. of Fe804.KC). Tlie reduction is incrcji'^eii by dduting 
the soln. ; it is feeble with u*) per cent. ILSO4, and takes place readily with 2‘) per 
cent. Hori04. Only traces of nitrogen are produced. J. Priestley observed that 
alkali sulphites at ordinary temp, form nitrous oxide and ammonia ; and 5, Pelouze 
found that anmunuttm s^phite acts .similarly above O'", but below that temp., it 
forms a complex salt, ammonium nitrosylsulphite, NO(Nll4S()3). E. Divers and 
T. ILiga uibu produced sodium diuitrosylsulphite, N.I2SO3.2NO, by the artmn of 
nitric oxide on an alk.iline soln. of sodium sulphite ; similarly, with ])otassinm 
sulphite, they obtained potassium dinitrosybulphite, K2SO3.2NU. W. Manehot 
found that at 00° sulphur trioxide reacts with nitric oxuie forming nitrosylsulphui 
triozide, 2SD:j.NO ; the same product is producer! by the aetmn of sulphur dioxide 
on nitrogen peroxide (7.1.). The product melts at 2irj''-220° ; it softens at 181)°, 
und boils ut 27 and 715 mm. When heated it decomposes into sulphur dioxide 
and nitrogen peroxide. It i.s readily decomposed by water into sulphuric arid aud 
nitric oxide ; but it does nut react with a soln. of ferroii'* or cupric sulphal e in cone, 
sulphuric acid. A. Graire observed that sulphuric acid is reduced by nitric oxida 
- I tdr mpn for the solubility of the gas in the and. 

1I. L. Gay Lussac observed tliat a mixture of nitric oxide and ammonia decom- 
poses slowly at ordinary temp., forming nitrogen and nitrous oxide ; and the mixture 
explodes when sparked, G. F. Baxter aud C. 11. Hickey said that the reaction : 
6NO-|-4NHa=“ 5N2+6II2O, is completed only at an elevated temp.— say by passing 
the mixture over copper turnings heated in a hard glass tu}>c. W. Ilamsay and 
J. T. Cundall were not able to demoiiotrate that nitric oxide aud nitrogen peroxide 
unite at ordinary temp. ; but H. B. Dixon and J. 1). Fetcrkin inferred that on 
mixing tliese two gabies there is a limited cunihirjatioii. G. Lunge and G. I. Forsch- 
neil observed no cliange in vol. and no combinaiinu on mixing these gases above 
28° ; at —21° and below, nil ric oxide is freely absorbed l>y liquid nitrogen peroxide, 
forming blue liquid nitrogen trioxide (g.v.). A biinilar result is obtained by 
cooling a mixture of the two gases. These results eontradict the conclusions 
drawn by W. Ramsay, and C. W. Ilasenbach. H. le Blanc and W. Nurauen Mi 
that there is a slate of equilibrium b(*tween the two gases N0-|-NU2^N203 which, 
at ordinary temp., is almost wholly in favour of the mixture mdicated ou the left 



KITBOOEN 


435 


Bide of the equation— infra, nitrogen iriozide. According to T. H. Vclcy, nitrom 
aeid is formed when nitric oxide is passed into cone, nitric acidf for, as d^ nitric 
oxide is passed into monohydrated nitric acid, the liq[uid becomes yellow, then 
oTango-ri'd, and soon a red oil separates out ; later, the liquid becomes blue, forming 
nitrogen peroidde, and finally nitrous acid. L. Marcluewsky said that with an 
acid of sp. gr. 1 * 510 , the colour is brown; sp. gr. 1 * 410 , yellow; 1 * 320 , grecnibh- 
blue ; and acids with a smaller sp. gr. arc not coloured by nitric oxide. V. T. Austen 
also discussed this reaction— i^ide infra, nitrons acid. A. V. Schaposehiiikofi’s 
observations on the equilibrium conditions in the reaction 2NO+IINO3 
-) HnO^StiNOg are indicated below in connection with nitrous acid. A. San- 
fourche said that nitric oxide reduces nitric acid, producing, with acid of 10 per 
ri*ul. or lower (‘onceiitraliun, nitrous aeid only (2N0+I1N03-1-1I20->»'5I1N02) ; 
when the ccmcciitraliun of the nitric acid is in the neighbourhood ol 20 per 
cent, a second reaction (N0+2J1N03->H20+3N02) also occurs. Tlic latter pro- 
rloniinates with iucrcasing concentration of the acid ; with 70 per cent, acid, the 
funner I’cases, 

According to II. Davy,^^ and J. L. Gay Lussac, feebly burning phosphonu 
is exlinguislied by nitrie oxide, but if vigorously burning, the combustion continues 
as Inilliantly as in oxygen, forming nitrogen, and phosphorus pentoxiJe, Accord- 
ing to J. Dfdton, nitric oxide is reduced in a few hours by spontaneously inflainniable 
phosphine« funning nitrogen and nitrous oxide. The mixture is ignited by (douirio 
b]).irks, or by tlir: addition of a little oxygen, forming water, nitrogen, and phos- 
]dioric acid. II. lleinseli reported a compound of nitric oxide and phosphoric 
acid— namely, nittosyl pkostphnric and; II. Davy, and J. L. Gay Lussac found that 
reil-hot arsenic absorbs oxygen and leaves half a vol. of nitrogen. H. Ileinsch 
i>‘|»orLc(l a compound of nitric oxide and arsenic acid— namely, lulroaylnrjtpnh 
iri‘i(/. A. Gutiuaini found that nitric oxide reacts with si^am aisenite : 
2NU 1-Nao\,o0^ N0O+N13ASO4; and the same ehange occurs when sodium 
argillite is added to a soln. of nitric oxide in freshly prepared, strongly alkaline 
Holn of jjotassiuui Milphil (*. The reaction was also studied by A. Klenieiic. 

il. Kt. U. Deville and F. Wohler showed that when heateil with amorphous 
boron, nil ric oxido forms nitrogen, boron oxide, and nitride. F. Kuhlumnn reported 
cumimnds of nitric oxide witli boron flnorido— namely, bourn vulrosylfivorulc ; 
and silicon fluoride namely, .sihron nilrosyljluoridr. The combustjoii of charcoal 
111 nitric oxide is mure brilliant than in air, and J. Dalton found that the reaction 
That .symbolized by 2NO-|-G- H. Moissau said that calcium carbide 

lit a dull red-heat readdy oxidizes in an atm. of nitric oxide, and the rr'actioii is 
M(m)toum flt a higher temp., forming fused lime, and nitrogen. F. Kiihlmnnn 
ob^eived that suine c}anulc i.s formed when the vapour of nlhyl nitrate is ]),msed 
o\ir jilutinum bjumge nt ; hut C. WMtzien observed no trace of hydrogen 
lyaiiide after the passage of a mixture of nitrogen trioxidc ami elhaiie fiM'r red- 
hot eliromic oxido. L. I. de Kagy Ilo'sva found some hydrogen cyanide is formed 
mtne oxido mixed uith iiir is burnt in nu atmosphere of coal-gas ; and 
A. K. lluntington, that liydiogeii c\amde is found aiuougst the products of the 
e^)<losiun uf a compressed mixture of nitric oxido and acetylene. K. KluJ and 
II. Xedelfiiiuin studied the synthesis of hydrogen cyanide in the reaction bofcweeu 
mine oxide and liydroe.irbrnis - methane, acetylene, and eihylene-in the presence 
of (I mivture of quart/ and nluimmi as catalyst. W. Henry referred to the vi\id 
cniubiiMtion which occurs when an electric discharge from a Leyden jar is passseil 
tiiinugh a niixlure of ethylene ami nitric oxide (nitrous gas), bub with a «iuall 
i^I'aik without a condenser in circuit tho mixture is not injliuiied ; he aKo haid 
lhat a mixture of carbon monoxide and nitrie oxide cannot be inQamtHl by 
electric spaiks, although, as 8. Cooke showed, there is a gradual reduction of 
the nitric oxide : 2 N 0 -| 2CO--2CO2+N2. E. Briner and A. Wroezynsky ob.served 
no fcattion between nitric oxide and carbon monoxide at 50 atm. jircbs., but at 
50 t) at in. press., there is evidence of chemical change ; likewise also with luixlures 
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of nitiio oxide and methyl ddoride. G. Banmc and A. F. 0, Gcrmann obtained 
ovidouce of the formation of methjl ether and nitric oxide, methyl dinitroeyl 
oadde^ (0113)2- ■0—(N0)2, of m,p. —166-3*', on tlu* fusion curve. J. J. Berzeliiie 
said that a inixiure of nitric oxide with the vapour of carbon disalphidBi gives 
ein grf}8sc^ schon leuchtcnde griinliche Flamme, which in brilliancy resembles that of 
burning zinc. The flame is very rich in actinic raj's, and special arrangements 
have been made for burning the mixture. The subject has been studied by E. Sell 
and R. fiidermanu, C. Zonghelis, A. B. Delaclianal and A. E. Mermeti and 
M. TiScreau. For the solubility of nitric oxide in carbon disulphide, vide supra, 
H. Delbriick found that potassium Carbonyl reacts with nitric oxide at a red-heat, 
forming potassium cyanide. According to M. Bcrtlielot, nitric oxide forms a blue 
compound with mcksi tetracarbonyl. R. L. Mond and A. E. Wallis could not 
isolate the product in a high state of purity, but they believe it to be nickd 
dinitrosylf Ni(N0)2» which dissociates violently at 90*'. The reaction with cobalt 
tetracarbonyl furnishes cobalt nitn^ltricarbonyl Co(rO)3.NO; there is only 
a very slight reaction betwtMm iiitiic oxide and cobalt tricarbonyl ; and brrlc 
enneacarl^l furnishes iron nitrosylpentadecacarbonyl, Fc4(NU)(C0)i5' 

6. 39, 27. 0. Baudihch found that organic nitrogenous products arc ])r()du('ed t)y 
the action of hght on mixtiirea of formaldehyde and nitric oxulc. A. Aliolatti 
described a number of complex cyanogen compounds, Nuiuoroiis conipouTuls 
of nitrosyl with organic radicles have been reported.^ ^ W. Tran be, 
G. W. MacDonald and 0. Masson, and M. StccbolT investigated the action of nitric 
oxide on an alcoholic soln. of sodium cthoxide resulting in the formalimi of 
Cll2{N(N0).0Na}2 ; AV. Traube regarded the compound CH2(N202Na)o as repre- 
sentative of a series of compounds which he called mnifrtnnivcs. He added that 
sodium ethoxido soln. do not react ^ith nitric oxide so long as tliey arc undecom- 
posed, but as soon as ketones arc formed by the autodecomiiositiou of the sodium 
ethoxide soln., reaction sets in. F. Garelb noted the tendency of nitric oxide to 
enter the solid phase when soln. in benzene, broniofoTni, nitrobenzene, and cyelo- 
hoxane are frozen, and so lower the f.p. from 0-25° to 0-225\ K. Sindiger studied 
the absorption of nitric oxide by dehydrated cliabazite. 

According to J. L. Gay Liissac,^- L. J. Thenard, F. Kiihliminn, J. W. Dubeieuier, 
and K. Hare, potassium burns when heated in nitric oxi(ll^ forming nitrogen and 
potassium oxide, which later produces some mtiite, A. Jounius observed that a 
hyponitrite is formed by tlie action of nitric oxide nn sodammonium or potass- 
ammonium. H. Moissau sho^ved that calcium takes lire in nitric oxide below a 
red-heat, burning with une lumiere {hloymuntCj and forming fused calcium oxide 
but no nitride. V. Sabatier and J. B. Senderens found that copper acquin^s a 
superficial film of oxide when exposed to tlie gas ; and reduced copper at 200° 
forms red cuprous oxide. A mixture of nitne oxide and hydrogen aclJi on reduced 
copper at 180° forming ammonia, water, and nitrogen. T. (Jray, and F. Emich 
studied the action of nitric oxide on healed copper. E. Muller and II. Barck 
said that copper decomposes 99-7 per cent, of the gas at 500°, but at lower temp, 
the action depends nn the purity of the metal. E. Schroder and G. Tammann 
studied the rate of oxidation of copper by nitric oxide. No eflect was observed 
when silver is exposed to nitric oxide ; this is also the cose witli other metals which 
are not oxidized in sAr—e.g, platinunL E. Mtillei and H. Barck observed that 
silver is without action u]j to 700° ; while caldum and magnesium decompose 
the gas at 500°, forming the oxides and nitrides ; brass is without action at G(X)°, 
and decomposes only 29 per cent, at 700° ; zinc has no action below 350° ; at 6(K)°, 
the action is slow, but decomposition is complete. P. Sabatier and J. B. Senderens 
found that, in general, moist metal reducing agejits change nitric into nitrous 
oxide. Zinc and cadmium become superficially coated with oxide wlien exposed 
to the gas. J. Priestley observed that zinc reduces moist nitric oxide to nitrous 
oxide and ammonia ; N. H. Morse and J, White, and F. Emich studied the 
action of nitric oxide on heated zinc. The latter al^ examined the action with 
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cadmium. P. Sabatier and J. B. Senderena found that mmary is not perceptibly 
oxidized by nitric oxide at 450°, and F. Emich observed no action at the 
b.p. P. Sabatier and J. B. Senderena found that almniniom filings are very little 
changed by nitric oxide ; F. Emich examined the action of nitric oxide on ^ and 
lead— in the former case stannic oxide is formed, and in the latter, lead oxide. 
P. Sabatier and J. B. Senderena noted that lead quickly acquires a film of lead 
oxide. E. Mtiller and H. Barck said that tin has no action up to 400°, but then 
commences to act rapidly, forming a nitride which may be completely decomposed 
at 600°. They also found that aluminium has little action below 600° ; chromium 
has no action below 700° ; feiTOChiome — ^with 60 per cent, chromium-^ecomposes 
19 per cent, of the gas at 650° ; and manganese decomposes 68 per cent, of the 
gas at 400° and all of it at 500°, forming manganese nitride. F. Emich also observed 
efiect of nitric oxide on heated titanium, chromium, medybdenum, tungsten, 
uranium, and manganese. E. Mtiller and H. Barck found that bismuUi decom- 
poses 74 per cent, of the gas at 400°, forming bismuth trioxide. Vanadium trioxide 
is formed when vanadium is heated in an atm. of nitric oxide. F. Sabatier and 
J. B. Senderens observed that at ordinary temp., inm acquires a superficial film of 
oxide. J. Milner found that moist iron filings and nitric oxide form ammonia; 
J. Friestlr^y noted that nitrous oxide as well as ammonia is formed ; and P. Sabatier 
iind J. B. Senderena obtained nitrogen, nitrous oxide, and a little hydrogen and 
ammonia. With jnuist iron filings and sulphur, C. L. Berthollet obtained 44 vols. 
of nitrogen from 100 vols, of nitric oxide, fl. BuS and A. W. Hofmann found an 
electrically heated iron spiral bums in nitric oxide. According to P. Sabatier 
and J. B. Scnd(‘ren>). reduced iron at 200° glows and forms black ferrous oxide. 
E. Muller and 11. Barck said that iron reduced in hydrogen decomposes nitric 
oxide bc'tter than cop)MT. E. Schrndcr and G. Tainuiann studied the rate of oxida- 
tion of iron and nickd by nitric oxide. The action of nitric oxide ou heated iron, 
cobalt, and nickel was studied by F. Emich, Beduced cobalt at 150° forms brown 
cobalt oxide ; and reduced nickel at 200° forms brown nickel oxide ; and reduced 
nickel at 200° forms yelluwisli-grecu nickel oxide. A mixture of nitric oxide and 
Lydrogim in the jin^soiice uf warm reduced nickel furnishcB ammonia. From his 
ohservatiuns on the action of nitric oxide on the metals, F. Emich concluded that 
the action closely resembles, but is much slower than, that of oxygen provided the 
lenip. oE the funner gas is kept beluw the point at which dissociation occurs. Of 
the metals examined, only copper, lead, and vanadium give products different 
from those obtained with oxygen ; and mercury is not attacked by nitric oxide 
below its b.p. E. iSchroder and G. Tammann compared the raters of oxidation of 
metals — coiqier, iron, anil nickel— in oxygen, nitric oxide, and nitrous oxide. In 
general, C. B. Bazzoni and A. T. AValdJc said that hut metals— e.^. nickel — decom- 
pose nitric oxide, forming the metal oxide and nitrogen. 

B. 0. Dult and S. N. Sen found that when nitric oxide is passed into a suspension 
of barium dioxide in water, barium nitrite, not nitrate, is formed. F. Sabatier 
and ], B. Senderens observed no change when nitric oxide is passed over eoproilB 
onde at 500°. H. A. Auden and G. J. Fowler observed that dry nitric oxide and 
silver oxide, at ordinary temp., form silver and silver nitrate ; F. Sabatier and 
J. B. Senderens also obtained silver and silver nitrite by passing nitric oxide into 
water with silver oxide in 8ns])cn8ion. C. F. Sehonbein found gold oxide is reduced 
by moist nitric oxide, forming nitrous acid. P. Sabatier and J. B. Senderens found 
that titanium sesquioxide forms white titanic oxide when heaU'd in an atm. of 
nitric oxide ; and that stannous oxide below 500° burns in an atm. of nitric oxide, 
forming stannic oxide. If nitric oxide be passed into water with lead dioxide in 
suspension, the water is coloured, and in about 3 hrs., lead nitrite and nitrate are 
formed, and later, rhombic crystals of a basic nitrite. B. C. Dutt and S. N. Sen 
said that the nitrate is formed by the action of the dioxide on the nitrite. Lead 
dioxide is reduced to lead oxide by nitric oxide at 315°, and H. A. Auden and 
G< J. Fowler found that the reaction begins at 15°, when a basic lead nitrite is 
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formed ; the maximtufi speed of the reaction occurs at 130’’. E, MUUor and H. Barck 
observed that at room temp, lead dioxide absorbs nitric oxide, forming the nitrite ; 
on boating, the gas is liberated, but at 200°, oxygon is liberated as well, and nitrogen 
peroxide is formed ; red-lead has no action on the gas at room temp., but complete 
absorption occurs at 200** ; while lead monoxide is practically without action on 
nitric oxide even at 650°, P. Sabatier and J. B. Scndcrcns observed that in an 
atm. of nitric oxide at a bright red-heat, molybdenum sesquioxide forms the dioxide ; 
tungsten dioxide, at about SOO**, forms the blue higher oxide; and uranium 
dioxide forms the pentoxide; while vanadium trioxide is not attacked below 
500°, but E. Miillcr and 11. Barck observed that the gas at 500° is completely decoin- 

! osed and vanadium tetroxide is formed. Manganous oxide, at a red-heat, forms 
rown Mn304 ; so also docs manganese dioxide at 40i)'' -IF. A. Auden anri 
G. J, Fowler said that the reaction is very slow at ordinary timp., anti fast at 
216°, C. F. Sehiinbein observed that manganese dioxide Ruspended in water 
slowly forms nitrite wlien in the presence of nitrir oxide. 1. M. KoltliofF observctl 
that perinang.inaleR in acid soln. completely oxidize nitrous acid in 15 nunutes. 
J. Gay observed that freshly preeijutated ferious oxide rtdiiees iiiliic oxide to 
nitrogen. 

The absorption of nitric oxide by soln. of copper salts has bei^n ]ire\inusly dis- 
fushed. E. Drcehsel found that Feliling’s solution is reduced to ru])rcms oxide by 
nitric oxide. A. Besson obtained aluminium nitEtxsylhexachloride, 2Air'l3.N(), 
by the action of nitric oxide on dry aluminium chloride. E. Ludwig and T. ileim 
found that nitric oxide is reduced by a hot, cone., aeidificMl soln. of stannous chloride, 
fumiing h} ilroxylamine, but the metal and cold dil. acid give a lieiler yield 
E. J. Maiuneue also obtaim^d hydroxylaniine by the reducing action of stannous 
chloride. E. Divers and T, Haga said that part of the nitric oxide is redud'd to 
nitiogen, and added : 

Thpro is a remarkaViln fact abnut tba rraclion bol u'ern nitrir o>ii1r nnd alannous 
chloride. At a temp, of fully 100°, thrre is no actiem hnt^^pci) mtiir L)\idp nud upid staiinoud 
chlondo Boln. The stannous cliloiide mmans unrlinri^d h>r liuiirH ilirr, iind 
nitrogen nor h}drDz\laraiuc is formed. The onl> thing \\n have nnliu d is s a traro 
of anmioniii in experiments nt 100'*, and this, pip imliiied to heJievo, is due tr> somi* 
other cause than this mn'licm aJonn. At IM)°, the nr tioii is htill oxcecdiiigU hiunll, hut us 
the trmji. desi'eiicls from about 80”, it bceoines rajmlly gieater viilh tlio di‘ i ent. 

0. von Dumreieher did not agree with thU ; he found tliat nt 1 00°, both nitric oxide, 
and hydroxylamiuc are reduced to aniniuiiia by au aeidiKed solo, uf staimouR 
cliloruie. At room temp., the yield is poor with acidified stannous chlorifh* 
althougli it is quantitative with tin and liydrochlonc acid. F. Kuhlmann 
prepared a conqilex salt with sUumic chloride— namely, ni7ro«7/7c/{foru7e, 

fc5nCl4 (NO)— which is thought by 11. Weber, and W. Jlainpe to be SiiCl4.2NO(l 
— vide itffiu. 0. von DumreichsT reduced nitric oxide by staunous (boride, 
forming hydroxylumine (i/.t'.), and ammonia (f.r.) ; and E, Divers and T, llagii 
obtained only hydroxylaniine and nitrogen, no nitrous oxide or ammonia, Willi 
potassium staimite in alkaline soln., nitric oxide forms the hyponitritc (q.v.), 
H. Heiklen and A. Hake prepared a number of complex salts of titanium tetra- 
chloride with organic nitro- and nitroso-compounds. Titanium tetranitraiis 
T](N02)4, or ehlorotrinitrate forms titanium dinitrosylhexachloiide, Tirie(N2F)2)» 
as a yellow, fuming salt. V. Thomas ob.served that if dry bismuth chloride be in 
contact with nitric oxide for a day, bismuth nitrosyltrichloride, BilTg(N()), is 
formed. A. Bespon obtained this product and also yellow crystals of antimony 
nitrosyldecachloiide, 2SbClr,.N0, by the action of nitric oxide on anhydroiH 
antimony pentachlorde. For the action of nitric oxide on ehromous chloride, 
vide svjmt. 6. Chesneau observed that a blue soln. of cliroiiioii'< chloride reduces 
nitric oxide to hydroxylamine when the gas is run in rapidly, mid to amuioiiia 
when run in slowly. V. Kohlschiitter found that the nitric oxide is reduced to 
hydroxylamine in acidic soln,! and to ammonia in neutral soln. This is in agree- 
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ment with the general observations by M. Ij. Nichols and I. A. Derbigny that 
increased acidity lowers the reduction potential of most reducing agents faster 
ihan it increases the oxidizing power of nitrogenous gases. F. Sabatier and 
J. B. Sendereps, and C. Bohmer found that chromic acid reacts with nitric oxide 
at ordinary temp. H. A, Auden and G. J. Fowler found dry lead Chromate remains 
unchanged at 400 ° ; and silver duomate at 300 ° forms silver, silver nitrate, and 
(■hromic oxide. A. Wrrncr and G. Richter obtoinprl chiomio nittosyl tetrathio* 
cyanatodiammilie, [Cr(NH3)2(SCy)4]NO, by the action of 10 per cent, nitric acid 
ou potassium or amuLOiiium tctrathiocyanatodiammine. The dark brown, four- 
stdcrl prisms are unstable, and they are decomposed by water, and alkali-lye. 
The vapour of chromyl chloride was found by V. Thomas to react with nitric 
oxide, forming a complex O5OI5O7.2NO, cJtrowiuni ntiroaylojrifMoride, For 
the action of nitric oxide on manganoUH cUoiide, vtdr supra, C. F. Scln'inbein 
loimd that permanganic acid oxidized nitric oxide to nitric acid ; alkaline soln. 
of potassium permanganate gieodily absorb nitric oxide at ordinary temp., and 
ijifliiganeso dioxide separates out. This reaction was studied by C. Bohmer, 
]\ V. JJutt and co-wnrkers, and A. Cavazzi. ti. Lunge, determined nitric oxiile 
M)1umetncally by titration with permanganate: lONO 1 | OII2SO4 

ll)IlN03-l-l)MnS04 \ 3K2iS04-f4H20. Dry potassium permanganate was found 
bv H. A. Auden and (!. J. Fowler to react with nitric oxide at 190 ', fomiing manga- 
nese dioxide and potassium nitrate ; while silver permanganate at 80 ^ lonns silver, 
silver oxide and nitrate, and manganese dioxide. 

The action of nitric oxide on iron, cobalt, and nickel salts has been jueviously 
ili'^i'iiwd. Complexes with iron salts and nitrosyl have been dLseussed by 
W. Slaiirhot and cu-wurker^^, A. Werner, 1 C, A. llofmami and 0 . F, WreJe, 

Marie and R, Marquis, and I. Bellucci and D. Venditori, W, Manchot and 
A. VYuldmullcr obtained with palladium salts the romplexes palladous dinitrosyl- 
chloride, i'ilCl2.2N(), and pelladous dinihrosylsulphate, rdS04.2N0. They are 
unstable salts giving od nitric oxide in the pre.senee of water. Nitric oxide with 
palladous nitrate yielila Fd(N 1)0)2. nitric oxide is known to form com- 

plexes with the wilts of ('11, Mn, Fe, Co, Ni, and Fd. 

Ill 18 n 8 , Z. Konasiu discovered that a definite compound, which lie called 
hi i\ if rosnlfuTC de /rr, can bo foiined by tbc bimiiltaiieoiis art 1011 of an alkali nitrite 
anil sul])hide on an iron salt, jnst os a iiitroferneyanide is fonncrl by the joint 
ar lion of an alkali nitrite and cyanide on an iron salt. Z. llrmssiri made com- 
pound by adding a soln. of h'nous or lerhc chloride slowly to a mixed soln. of 
Ijotassium nitrite and ainmuniiiin sulphide, and then boiling the mixture for a 
few iniiiutea. If ferric chloride is used snnie sulphur is formed. The filt ered liquid 
iuinibhes black, ihombic needles of the so-called Boussin's hlach salt. This tom- 
pound was also obtained by A. Porzezinsky by warming aiiiuionium sulpliide wiLli 
tt soln. of ferrous salt sat. with nitric oxide— n'dc infra. The black crysiala were 
said by A. Porzezinsky to be moiioehnic ; and by J, 0 . Rosenberg, triclinic. The 
rryslals were found by Z, Roubsin to be stable in air when separated from .alkaline 
soil!., but if pure, A. Porzezinsky, and J. 0 . Rosenberg said that they easily give off 
nitric oxide when exposed to air. The crystals are stable at 100° ; but at 110°, 
they were found by J. 0 . Rosenberg to begin to give off water of cr3^sta]]ization. 
Z. Roussiu found that the salt begins to decompose when healed above 115 ° giving 
off red fumes, and forming sulphur, and ammonium sulphite and nitrite. At 
ordinary temp., 100 parts of water dissolve 0-893 part of salt, and at 100 °, 50 parts 
of salt. The soln. is dark brown, one part of salt in 20,000 parts of water is distinctly 
coloured ; the soln, has a styptic and bitter taste. The salt is precipitated from its 
Aq. soln. by the addition of a soln. of potassium hydroxide, ammonia, or ammonium 
sulphide. At ordinary temp., chlorine, and indinc, as wdl as the mineral acids, 
decompose the salt, and this more quickly at a higluT temp. The salt is nob 
affected by organic acids ; it is freely soluble in alcohol, and in ether ; it is insoluble 
m chloTofonn, and in carbon disulphide. Many metallic salts decompose a soln. of 
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the salt liberating nitric oxide ; while potaBsium oyanide fonna the nitroferricyanido. 
Z. Roussin’s analysis of his binitrosulfure de fer corresponded with FC3SCH2N4O4 ; 
A. Porzezinsky’s, with FeaS3N404.2H20 ; and J, 0 . Rosenberg’s, with 
FeeS5NiQOio.4H20. Tlie products here analyzed were probably impure, because 
I. Bellucci and P. de Cnsaris’s, 0 . PaYel’s, L. Marchlewsky and J. Sach’s, and 
W. Manchot and E. Liiiokh's analyses correspond with EFe4(NO)7B3. I. Bellucci 
and F. Camevali found that the effect of the black sodium and potassium salts on 
the f.p. of water, and acetone, and of the potassium salt on the f.p. of nitrobenzene 
corresponds with a mnl. wt. one-half the formula of potassiaiil fermheptanitro- 
sylsulphide, K[Fe4(N0)7S3]H20. This indicates that in dil. soln., the salt is com- 
pletely ionized. The mol. conductivity of the black sodium salt also ogreea with ihe 
assumption that Ihe sodium salt is the salt of a monobasic arid. According to 
0 . Pavel, and I. Bellucci and co-workers, when the sodium or potassium salt is 
treated with dil. sulphuric acid, it furnishes a brown, amorphous mass supposed to 
be hydrogen terroheptanitz^Isnlphide, H[Fe4(N0)7S3l 0 . Pavel sliowcd thnt 
this compound is unstable ; it is insoluble in water, alcohol, and ether ; but soluble 
in chloroform, and in carbon disuljihidc. 

Z. Roiissin found that if the black sodium salt be treated in the cold with u 
little acid, a yellowish-riMl flocculcnt precipitate of what he called nitrosulfutc 
svlfure dr fer, rcMS^N 202 . 4 ILS. is formed ; but if the soln be boiling, when treated 
with an excess of acid, what he called nifro^ul/urr de fer, Fe2B3N202, is formed as an 
unstable, black precipitate. According to I. Bellucci and co-wnrkcrs, when a 
0 *LY-solii. of sodium trisulphide is mixed with a soln. of ferrous chloride sat wiili 
nitric oxide at about — 2 ^, dark brown ferrous dinitrosyltrisulphide, FefUNj^iSj 
is formed : 


NO. „ ^ a Nfl^S 
NO CrNor-S 


S--2Nan 


NO 

NO 


Fe 


S 

S 


8 


Sodium trisulphide gives a better yield than the mono- or the di-suIphide. Fei rous 
dimtrosyltrisiilpliide can be proBorved under water. Z. Ruussin observed that tbi* 
evaporation of a soln. of nitrosulfure de fer in sodium sulphide funiihlies red, 
prismatic crystals of nitromJfure de fer et de sodium, Fe284N202Nd2.Il20, a salt 
sometimes called Eoussin's red salt. I. Bi*llurci and P. de Cesaris slifjwed that thi' 
composition is Fe2S4(0N)4Na2.4Il2O, or K[Fl'(N 0}2SJ.2II20— potflssiam dinitro- 
sylsdphide— aiirl they obtained it by treating ferrous dinitrosyltrisulphide will 
O'OiAT-sodium sulphide. The first product of the reaction : 



S 
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S-l-S^ 


..Na 

Na 


— 5 iS-h 


(NO),--Fe->SNa 

(N0)2=Fe-SNa 


is Roussin’s red salt, which immediately changes into Roussin’s black salt : 


(N 0 ),‘-FB- 8 Na 

(N0)8=Fe-,SNa 

Aoiusln’a red salt. 




FerroDfl dlnltrofiyltrJeiilphJdp. 


(NO)j -Fo-SNa 
(NO)— Fe 'R-Fe--(NO)a 
S -Fe “(NO), 
nmuqln'e blark aalt. 


There are thus two series of nitrubylsulphldes : (i) Ferrous dinitrosyl-dcrivatives 
(Roussin’s red salts) ; and (ii) Ferrous heptanitrosyl-dorivatives (Roussin's black 
salts). If sufficiently cone. soln. of ferrous diuitrosyltrisuljihido in alkali sulphidf* 
be used, the red salt crystallizes out before the black salt begins to form. This 
occurs, for instance, if Y-Na28 be used in place of the 0 ' 04 Y-soln. The red salt, 
is also produced by decomposing ferrous dinitrosyltrisulphide with a hot sob. ni 
potassium hydroxide. The red salt is converted into the black salt under the 
bfluenuc of carbon dioxide, dll. acids, or ferrous chloride ; 4 K 2 Fe 2 (NO) 4 S 24 ^(‘Ua 
^ 2H2O— 2EFe4(N0)7»Sg-|“2H2^H"^2^z^2"l 2E2CO3 , and the black salt is con- 
verted into the red salt by treatment with alkali hydroxide : 2KFe4(NO)7S3-H4^^^^ 
=3K2Fe2R3(N0)4+Feo03 4 NgO •f2H20,orelso2KFe4(NO)7SB-f 6KOH=3K282(N01 
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+4fe203+31l£0+E2N202. If cadjuium oxide be present, both the red and the 
black salts give off all their nitrogen as nitrons oxide which is formed by the omda- 
tion of ferrous iron 2FoO+2NO=Fe20s+N20. When Koussiu’s black salt is 
heated with dil. sulphuric acid and silver sulphate, it gives off mtric oxide eq, to 
4 gram-atoms of nitrogen per mol, and nitrous oxide cq. to 3 gram-atoms of nitrogen 
j)cr mol. Under similar circumstances, Boussin’s red salt yields the mixture 
2NO+2N2O. The formation of nitrous oxide is due to the oxidation of fenous 
iron as just indicated. If a mol. of potassium ferroheptanitrosylsulphide be treated 
with copper sulphate, seven mols. of nitric oxide are given off, and the cupric salt 
IS reduced to the cuprous state. According to L. Cambi, if the feTroho])tanitrosyl- 
sii]])hide be treated with silver nitrate, silver hypnnitritc is ^rmed : 2KFe4(NO)7S8 
+2GAgN02— 2KN03+81^p(N03)34 6Ag2S+7Ag2N202. I. Bcllucci and P, do 
(Vsaris found that when the compound is treated witli ])otiassium permanganate, 
the equivalent of 26 gram-atoms of oxygen are required to oxidize all the elements 
in a mol of the fcrrohoptanitrosylirisulphide. This is in agreement with the 
nKSUui])iion that all the iron in the mol. is present in the ferrous condition. 
]j. (Jambi suggested that the ferroheptonitrosyltrisulphidcs are complexes of 
sulphides and liy))ouitrites, possibly of the form k2N202.2FeS3.2Fe2(N202)3 ; but 
a conqiarison ul the behaviour of this salt with that of the comi>lcx sulphides 
K»S, and 2FC8.K28, towards hydrochloric acid, was found by I, Bcllucci 
and P. de Oesaris to be in agreement with the assumj)tion that the throe atoms 
of sulphur ill the mol. are probably sulphidir, and combined directly with the 
iron atoms. 

Tlie ferroheptanitrosyl-di'rivatives or Koussin's black salts of the type: 
1P[F(*4('N());83], are rr]ueseuted by the potassium salt indicated above, 0. Pavel 
cibtainetl ilie potassium salt by adding 400 c.r. of potassium sulphide— 'prepared 
from 4 1 grins. potasMiim hydroxide— to a boiling soln. of 35 grms. of sodium 
mtntc in 4(X) c.c. of water. After the addition of a few drops of dil. sulphuric acid, 
ID!) grnis. of fiwjus suljihate dissolved* in 1200 c.c. of water are slowly poured into 
tlie hot mixture. The liquid is heated in a water-bath for about half an hour, 
until a deposit begins to settle on the sides of the flask. It is then quiekly filtered, 
and dil potassium suliiLide is added to the filtrate. After 43 hrs., the potassium 
suit crystallizes out. It is purified by rociysl allizatiun at 70'' from water, contain- 
ing a small quantity of potassium hydroxide. 0. Pavel prepared lithium lezTO- 
heptanitrosyltiisulpliide by the method emphasized for the potassium salt. O.Pav^l, 
and I. Bellucci and co-workers prepared sodiom forroheptanitiosyltrisalphide, 
Na[Fe4(N0)7S3].2H20, in an analogous maimer. 0. Pavel found that the sodium 
salt is completely decomposed by hot, cone, sulphuric acid, by silver oxide or sul- 
phate, by hydrochloric acid, and by iodine. W, Manchot and E. Linckh studied 
the absorption spectra of soln, of the ferrolieptanitrosyltrisulphiiles. They found 
that the absorption spectra bear no relation to that of the FeS04.N0-salts, and they 
assumed that the iron is univalent. On the other hand, L. Cambi and L. Szt-gii 
found the absorption spectra of dil. soln. indicate the presence of bivalent iron as 
in the case of Fe8O4.NO. 0. Loew reported sodimti fmohraniim'ylthmarhontUv, 
Po 4(N 0)3^83, to be formed by the action of ferrous sulphate 00 a mixture of sodium 
thioearhoiiote and nitrite, but 0. Pavel showed that the product is really sodium 
ferrolioptauitrosyltrisulphide ; and he prepared nminniiiiim leRoheptUlitrosyl- 
trisulp^e, NH4[Fe4(N0)7S3].}T20, by the method employed for the potaasium 
Ralt ; it is less soluble than the potassium salt. Similarly witli nibidium feno- 
hepbnitrosyltriBnlpbide, which is less soluble than the ammonium salt ; while 
csBsiam bzioheptaiutrosyltrisulpliide is insoluble in cold water, and sparingly 
soluble in alcohol and ether. According to 1. Bellucci and C. Cecchetti, a number 
of other salts can be prepared in stable, shining, black crystals, which can 
be crystallized from water, and remain unchanged for a long time if pro- 
seived in the absence of light. Thus, if the sodium salt be treated with 
hydrazine in acidic or alkaline soln., bydnudno brioheptamtrc»yltrisa]ii^^ 
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N2H4.H[Fei(NO)7S3l, is foimod ; it is ^gbtly soluble in wutei, and freely soluble in 
alcohol or Pthoi. If hydroxylamiue in acidic or alkaline soln. be employed in place of 
hydrazine, taydroxybunine' lenoheptaiiitroB^tiualidiide, NH20II.U[Ee4(N0)7Sg], 
is formed ; it is readily soluble in water, alcohol, and ether. 


1. Bellurri and F. Camovali obseived Ihut if tlie Bodiiim salt be treated 
with pheuylliydrazinn hydi'ochlorido, phenylbydnilne iBRohefptanltruyltiiiulphlde, 
C|ll0 N|ir|.U|FB4(NO)7S|], is obtained ; it meHs under hot water in which it is flparin{i(ly 
Holublo ; it ifl i rcely soluble in nloohol and oihor, but Rparinply sohiblo in honseno. Similarly, 
carbadde lerrohBptanltrosyitrisulphlde, NbLI, CO NB, 11 |Kp 4(NO),S,|, Ims been prepared; 
it is soluble in water, alrohol, nud ether. They also prepareil tetramethylmmoillum 
fsmhsptBllltrOflyltrisulplllde. ^(C1Tg)|[Fo4(NO]7S,], which, in aentone soln, yields black, 
triclinic cryslals uith the axial ratms a: & : c^- 0*8648 : 1 ; 1’3125, and a~ 87" 2D' 34'', 
jB==10C“ 7' 10", and ^=-03“ 44' 10", and the ap. pr. 2'056 at ID**. It is sparinply soluble 
in wilier, and solublo in alcohol. Similarly, tetraethylammonlum ferrohepti^trosyltrl- 
SUlphlde, N(C|ll4)4|l'n4(NO)7iSa|. furnishes black, triclinic cryslals with the axial ratios 
o : b ; c*l-0221 ; I : I 0247, and a- 86“ 8' 19", 97“ 8' 2", luid y--09“ 17' 41", and sp. gt. 

1"^83 at 18“ ; it Is spariiigly soluble in water, ahohol, and beiir.enc. Tlicsu two sails are 
insoluble in ether, aiirl nro very stable, fur they are not deccwnpoHcd by boiling uith a 50 per 
cont. soln. of potassjuui hydroxide. 1 Belhicci unit F. (Wncvnli also prepared anlUne 
ferroheptanitrosyltrlsulpliido, 0gllB>ills.Il|Fe4iNO)7!S3], soluble in nitrnlicnzeiip, and amlhie; 
moderately soluble in wiitur. alcohol, ntJicr, and ben/one ; anrl hpaiini>lv soluble in chloro- 
form, and in benrene ; pyridine feiToheptanitrosyltrlsulphIdB, f 4 HgN.lI|Fe 4 (N()) 7 Sg|, Roluble 
in alcohol, cthor, and acetone, and spariro^ly holiiblo in waler: and o-phBnylBnedlamlnB 
lerTohepUnitrosyltrlsulphldB, ('|U i(Nl! i)|.Ti2[Fo4(N())7S|]|, soluble in water, alcohol, ocetoiio, 
and ether. 


0 . Pavel prepared caldam lerroheptanitrosyltrisulphide by tho method 
employed for tlie potassium salt. It is freely soluble in water ; similarly also with 
barium lerroheptanitrosyltrisulphide, and with magnediim lenoheptamtro- 
syltrisnlphide. These sails are decomposed by heat in the presence of air, forming 
ammonium sulphate, fenouB sulphide, etc. ; and if air be cxeluded, no ammonium 
sulphate is produced. 0 . Pavel, and L. Marohlewsky and J. Sachs prepared thallium 
ler^eptanitrosyltriaulphide, Tl[Fe4(X0)7S3].IT20, by the action of tlmlliuiu 
Bulphate on an aq. solu. of the alkali salt, and ciystallized the product as rapidly 
as possible from alenhul in vacuo. It is sparingly soluble in water, and is decom- 
posed by a protracted heating with w-aler. I. Bellucri and F. Canievali prepared 
cobalt hexamininolemiheptanitrosyltrisulphide, Co(Nll3)o[Fe4(NO)7S3]3, solublo 
in water, alcohol, ether, and aretone. 

The fcrrodinitrosyl-derivatives nr Huussin’s red salts of the type R'[Pe(N 0 ) 2 S] 
are represent! d by potassium feirodmitrosylsolphide, K[Fe(NO)2S J.2H2O, prepared, 
as indicated above, by the action of hot, dii. sola, of potassium hydroxide on the 
fcrroheptunitrosyltrisulphides. 0 . Pavel prepared sodium Ierrodimtrosylsulphide» 
Na[Fc(NO)2Sl.lUnO, in a siiuilar way. These dark red coloured salts are unstable ; 
they are, with the exception of the iron compound, insoluble in ether, chloroform, 
and carbon disulphide. They are decomposed by potassium fcrricyanide, which 
does not attack ferroheptanitrosyltrisulidiidcs. These salts decompose violently 
when heated, giving ammonium and alkali sulphates, etc. When the potassium salt 
is treated with dil. sulphuric acid, hydrogen fcirodinitrosylsidpliide, H[Fb(NO) 23 ]i 
is formed. Tliis soon dcroniposes into hydrogen sulphide, nitrous oxide, nitrogen, 
and hydrogen fcrroheptanitrosyltrisulphide. W. Manchot and E. Linckh studied 
the absorption spectra of soln. of fcrrodinitrosylsulphides. 0 . Pavel prepared 
monoelmic crystals of ethyl leirodinitrosybulphidet C2]l5[Fe(NO)2SJ, soluble in 
ether, benzene, chloroform, ethyl iodide, and carbon disulphide ; while E. A. Hof- 
mann and 0 . F. Wiede prepared tabular crystals of phenyl ferro^tEOSylsulphidei 
C8H5[Fo(NO) 2S], melting at 179 ®, anrl giving, by the eryoscopic method, a mol. wt. 
conesponding with the doubled mol. If nitric oxide is passed into a soln. of 
ferrous sulphate and potas<iium thiosulphate for about 10 his., reddish-brown 
crystals ol potassium leirodimtrosyltt^ulphate, K[Fe(N0)2(S203)].H20, ore 
formed. The crystals are soluble in water. Similarly with sodium leriodinitro- 
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BylOiioiDlpliBte. and with Bmmoaiimi bnodinitroiylthlosalphate— the bttei is 
more soluble than the fonnei. 

J. Sand and 0. Gensslrr obtained a Beriea of complex sails by the arfinn of 
nitric oxide on ammoniacal snln. of cobalt salts. They conBid’‘rpd the produrts to 
br* formed by the addition of two mols. of the cobalt pi'utanuniiieH. Thus, cobalt 
nitrosylpentaniininodichlorida, [Co(NO)(NH 9 ) 5 ]Cl 2 , fuim dies binrk erysialsBuppospd 
to be constituted C^CNHslsCo NO.NO.Oo(NIl3)5]Cl2 or 

Tliero ia also a soriea of red Bolts supposod to have a dirtori'jit r on«>tituiion Tlius, 
cobalt nltrosylpentamminodliiltrate, K’'o(NO)(NHj)fil(NO,),.JJl^(). This jmlds the rom- 
plox sails coDui'C dinttrosyMf*ra 9 smiaf;dmf<rct£oCb/rttrtt/ra<r, |('U|{N|02(N0 ,),](NH|)ib1(K03),; 
foltaU (hfiitrosyldpcamminoiiutvhatoteiran^frafe, [('u,{N',0(R0|)}fNH,),B](N<li)| ; rohixU rit- 
tiUiOHylmMammnowdotelratfxalaie, rCo,(N,t)(C804)|(Nri3)B(Ual))](H CjOi)* ; tohaU dirntro- 

i^ifJJicammt^tiodxntifcUohiraprriifihrate, [UOj{NB()(NOs)i)(NH,)iol(ni04]4 ; potawiium tuhall 
dimintaylderamMnodiwdodtniitaioiodfth, |Coj(Nj 02 )(NII 3 )ib|(I 50 j)|I| KI ; sih cr robalf di- 
ht/rosj/fiiframmiwfUrnnUi'itjntlrtUe, rt'Os(^i0i)(N^ili)i4]fN0a)4 ArNOs; lead cubal/ dmifro- 
f,i/lt/icamminoiiifaniiratonaraie, r(C'0|(N40B)(NHs)iol(N08)4 iPbtNOa),. 

E. Koefrd pr^parol a number of complexes of nitric oxidp and 
platinam salts. Tlms^ platmous tetrammmodichloromtrosyU^ 

]M (NIT 1)4(13 NO.Ht'l, WJ.8 considered by E. A. Hadow to havo thp formula 
i!l^t(N}ij)4( 211 (" 1 . It is obtainpd in green uctalipdral crystals by the action 

of lulrogpii tnoxido on a liydrocliluric acid soln. of jdatinous tctrannuiuodiclilriridp ; 
h\ I be a( iioii of sodium inf rite on an ammoniacal soln. of pola'^sium chloroplalmite ; 
by pushing nitric oxide inti) a hydrochloric acid soln. of potaHsiinn clilnroplatinitp ; 
4ir lij aildiijg a s<»bi of ferrous sulphate sat. with nitric nxidr into a liydrnrliloric arid 
snln. of ])ljtiiious tetraminiuodichloridc. The constitution is cuusidiTcd to bo 
^'presented by one of the following schemes : 


n-No.ptn(Nir>.Nna.ci), 

H-N 0 .PtC 1 (Nir 3 NFIa.CJ), 


^?tn(NH 4 .NHj.n )3 

0 po 

H " ^i>iri(XKjNH,n), 


E Koefrd niaiio platinous tetramminodichlorodlnttrosylhydrosulphate. rT’M^ffi)4n2|- 
(Nn)^Tl|b04 ; platinous Utrammlnodichioro-dichlDronltrosylhydroclUoridB, 

I IM ( N 1 1 slit'lalCls.N 0 TIC 1 ; and platinoua tetrainminodJiiitratonili osylhydronitrate, 

jmixh8),(N03)jNuiiu^o,. 


S. Kopfed prepared ap])lr-gippn crystals of platinous diamminonitiitochloro- 
nitrosylbydrochloiide, rt(NHa)j(N03)CLN0.HCL|H20, by hcaiing plaiinoiis 
trlraiummoilii blonde with hoilium nitrite and dil. hydrochlnnc and on a wat<‘r- 
biitlu and dr) mg the product ut llX)°. The constitution of the bait without water of 
hydration, ii, represented ; 


n-N 0 .Pt (31 


^NUa.n 

"'NiI3.N0 


I 


n-NO,rtci 


,NI1*.C1 

'"NH3.N0, 


Thprr is also a fdatinoas bisdiamminohydroxytiiiodo-bisnitrosylhydroiodidBB 

^^2(NIl3)4(OH)T3 2 (N 0 III) CHgO. B. Koefed made l>hiii.h-gT.*rii crxhtals of 
platinous diam^odinitiitcmitrosylhydicm PtiNIl3)^(N03)3N().fl('l, by 
the action of bodium nitrite on platinoua diamminodichloride. Its coustilution was 
represented : 


H— NO.PtClcUU’’^’’^’ 

N Og 

platinoua diamininoiulritocMoronitroaylhydroiiitrate, 


TliPro Is also 
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Ft(NHa)2(N02)C!l.N0,HNQs ; and platinoaa haMmmin nmlphftftnHjhydiift- 
Bidphatodimt^Uiydrosnilplu Ft2(NH8)a(HS04)2S04,2N0. 

H2BO4.HCI, BuppoBed to be constituted 


H— NO.Pt< 
n-NO.Pt< 


(NH.)^0. 

HISO, 

(NH 3 .NH,.HS 04 ). 


Complex salts of platinum ainmiues were also made with dimethylamino, 
diethylamine, pyridine, and diethylsulphinu. 
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§ 36. Nitrocren Triozide 


E. Luck 1 found that thp abHorption spectrum of the Bo-called nitrogen triozide, 
N^Osi is idcubical with that of nitrogen peroxide, NO2, and he therefore inferred that 
nitrogen Irioxide does not exibt in the gaseous stak*. H. B. Dixon and 
»T. 3 ) IVterkin believed that there is a slight union when nitric oxide and nitrogen 
peroxide are brought into contact ; and E. Wourtzel said that with a stoicliiometrical 
juIxliiTB of nitric oxide and nilrogeu peroxide, the contraction corresponds with the 
formation of about 2-5 per cent, of the trioxide ; W. Ramsay and J. T. Cuiidall, 
\. liiiiither, and 0 . N. Witt said that the yellowish-Tod or brown vapour produced 
liy the evaporation of liquid nitnoron tnoxidc is a mixture of nitnr oxide and 
nitrogen peroxide: N2()3^'N() (J. -Lunge, at first, inaintaiucd that the 

ilisHoeiaiinn is not conqilete. and that nitrogen trioxido can exist as a gas oven at 
; but later, in conjunelion with U. I PorscliiieJT, lie sliowed ibat in tbs gaseous 
state, the diasoeiation is virtually complete vUi tnfra. The diflemil modes of 
prejjaralion of nitrogen inoxide gas really give a mixture of nitric oxide and nitrogen 
peroxide which forms nitrogen tnoxide only when eniidensed to tlie lirpnd state. 

C. W. Hasenbach, and J\ L. Dulong niado nitrogen Inoxide by passing a mixture 
of nitric oxide and oxygen through a heated tube. F. Birhans dried nitric oxide and 
oxygen by ]»asaing them separately over puiniee inoisteiiefi with sulphuric arid, and 
tJieu o\eT baryta ami lime. The gases wen* Uien strongly enoh'd, and allowed to 
mix ill a receiver cooled to - Til . One vol. (d oxygen to f)-8 vols. of nitrie oxide 
was usefl in order to avoid the formation of iiilrngen peroxiJi*. TJic trioxide thus 
appears as a blue liquid, L. Franc escoiii anil N. Snacra found lliat (1) liqmd 
nitric oxide and oxygini or gaseous oxygen auil liquid or solid nitric oxide, or 
gaseous nitric oxid<' and liquid oxygen, mixed in all proportions, ev(‘n with the 
oxygen in largci excess, always }iei(l nitrogen tnoxide. (11) Ua.scous nitric oxide 
and oxygen, the latter being in exres.s, also give nitrogen tnoxide if they reaet at 


a temp, lower than -- llO'’. (iii) When subjected to the act ion of oxygen, uiti ogen 
Irioxide is transformed into nitrogen peroxide only at t(*mp. 
above --100''. (iv) The reduction of nitrogen peroxide to 
nitrogen Irioxide by nitric oxide conmienees at — J 50 “. 

(v) Nitrogen trioxide is stable under the ordinary pressure up 

to a temp, of —21®. K. Luck purified liquid nitrogen irioxide I \ 4- 

by adding ice-water until the liquid is indigo-blue ; decanting 1^^ 

off the upper layer, and rectifying it repwih'dly at D to 10‘ . 

E. Peligoi said that nitrogen trioxide is formed when nitric Per cent 

oxide is passed into liquid nitrogen peroxide. TJiis subject p^jo. 71. — Fusion 
lias been previously discussed. N. M. Wiitorff stuiUed the Curve of Mixtures 
fusion curves of mixtures of these two oxides, and his results of Nitrogen Pur- 
are shown in Fig. 71 . On saturating liquid nitrogen peroxide 
with nitric oxide and subsequently cooling the solution, dark 
blue crystals of nitrogen trioxido melting at — 103 ” separate ; no other compound 
is foimed. The eutectic mixture of N2O4 and N2O3 melts at —112°. It is probable 
VOL. vin. 2 0 
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that nitric oxide does not dissolve nitrogen trioxido. G. Baume and M. Robert 
found the m.p. uhich falls from —11-5^^ with 100 per cent, nitrogen peroxide to 
—107° with 86-3 per cent. ; with 91*8 per cent, the temp, is again —107°, and with 
97 per cent., —100°. According to L. 8 . Bagater, 6 i\f-llN 03 or acts on 

copper giving a gaa with the empirical com}>osition of nitrogen trioxide. A 
more cone, acid gives some nitrogtm peroxide which increases proportionally with 
the cone, of the acid. J. Fritzsche allowed 45 parts of water to run gradually into 
92 parts of nitrogen peroxide cooled to —20° ; and heated the product in a retort 
with a receiver surrounded by a freezing mixture until the b.p. rose to 28°, 
C. F. Ranunelsbcrg, and J. J. Siroiff obtained a regular stream of gas by the action 
of water on nilroxylsulphonic acid: HO(N 02 )S 02 +ns{ 0 — HaSO*-]- HNOa ; 
2 HN 02 =H 20 -b(No 03 ), which condensed to nitrogen trioxide. A similar stream 
of gas contaminated with other nitrogen oxides is produci'd by gradually dropjiing 
nitric acid on powdered glassy arsenic trioxide. G. Lunge found that with nitric 
acid of sp. gr. 1 * 20 , nitric oxide is the main product ; vrith an acid of sp. gr. 1*25, 
there is much nitric oxide and a little nitrogen trioxide ; with an acid of sp. gr. 
1*30, there is more nitrogen trioxide than nitric oxide ; with an acid of sp. gr. 
1*36, there is scarcely any nitric oxide mixed with the nitrogen trioxide ; witli an 
acid of Bp. gr. 1-40 tliiTr is a mixture with nitrogen trioxide and i)eroxidc in the 
molar proportion UXI: ILHi ; and with an arid of sp. gr. 1*45, this proportion is 
100 : 903. The reaction was also examined by A. Geuther, C, W. Ilasenhach, 
B. Luck, C. W. G. Nylaudcr, and 0. N. Witt. A similar gas was juepareJ by 
E. Peligot, J. von Liebig, 0. N. Witt, and G. Lunge by the action of iiitnc acid on 
starch. The composil i on of the product depends on the cone, of the acid. Tlie last- 
named found that with nitric acid of sp. gr. 1 * 20 , there is scarcely any action ; with 
an acid of sp. gr. 1 * 33 , the nitrogen trioxide is contaminated with a little nitric 
oxide; with an acid of sp. gr. 1*40, the product contains nitrogen Irioxiile and 
peroxide in the molar proportion 4:1; and with an acid of sp. gr. 1*50, this 
proportion is 5 : 3. 

D. Helbig parsed an electric current at 3000-4000 volts through liquid air and 
obtained a sky-blue powder of sohd nitrogen trioxido. F. Fischer and F. Br<ihmpr 
worked with an arc between platinized copper poles and obtained both nitrogen 
trioxide and ozone. 0. Scarpa ronhid<*Ted that in the region of the arc small amounts 
of oxygen and nitrogen formed by the evaporation of liquid air combine to form 
nitric oxide ; and in the boiling air the reaction is l!N 04 - 0 .-N 203 , The nitrogen 
trioxide so produced is solid, and below its dissociation temp., so that under favour- 
able conditions the reaction may proceed to an end. J. Fritzsche obtained a blue 
liquid by electrolyzing cone, nitric acid. The gas liberated by warming the blue 
liquid, when condensed ami rectified, furnished liquid nitrogen trioxido. T.E. Thorpe 
and A. E. 11. Tuiton found that nitrogen trioxide is liberated when nitiogen peroxide 
is reduced by phosphorus trioxide ; and D. Huizinga said that the gas is produced 
by the action of carbon dioxide on ammonium nitrite— though E. F. von Gorup- 
Besanez was unable to confirm this. 

The pineal properties of nitrogen trioxide.— C. W. Hascnbach said that 
nitrogen trioxide at — 1 U° is an indigo-blue liquid which becomes paler as the temp, 
rises ; and at ordinary temp., according to J. Fiit^chc, the yellowish-green liquid 
becomes dark blue when cooled again. J. W. Mallet and R. II. Gaines found tiiat 
the gas condenses to a dark green liquid when cooled to —14*4° at 755 mm. press., 
and if spongy platinum is present in the condensing vessel there is no perceptible 
difference in the tern]), of Lquefaction. If a very little water be present, the green 
liquid becomes blue ; and the blue liquid does not readily mix with the green 
liquid. Both F. Birhaus, and W. Ramsay described nitrogen trioxide at a low 
temp. 08 a blue liquid. G. Lunge and G. I. Foischncff consider the blue liquid is 
nitrogen trioxide, and the green one a soln. of nitric oxide in nitrogen peroxide. 
From obsr^rvations on the thoroughly dried trioxide, B. M. Jones inferred that while 
li quid N 4 O 11 is blue, both N 2 O 3 and N 4 O 5 are colouileBS in the gaseous state ; and that 
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OrJina]^ liquid nitrogen trioxide is green owing to the admixture of blue N 4 O 0 with 
a relatively largo amount of moist nitrogen peroxide. The blue liquid N 2 O 4 gives 
a brownisli-rod vapour, owing to the formation of NO 2 in tbe dissociation of the 
gnseouB N 4 O 4 . At very low temp., all specimens of nitrogi'A trioxide^ very dry or 
hllglitly W(*t, become quite blue. This would be due to the fact that at these temp, 
any “ wet ” NOg moLs. would completely associate to give colourless N 2 O 4 mols«, 
wliicti would then no longer produce a green colour with the blue N 4 OQ. H. B. and 

M. Baker said that the liquid changes from green to indigo-blue when cooled below 

and that the sp. gr. of tho liquid is about Ml ; but A. Geuthor found tbe 
sp. gr. to be 1*4640 at - 8 ° ; 1-4555 at ; 1-4510 at -V ; 1-4490 at 0® ; 1*4485 
at ; and 1-4470 at 2 “. E. Kabinowitsrh gave S?! for the mol. vol. A. Geuther 
gave 3 -r)'’ for tbe b.p. ; P. A. Guye and G. Drougininc, 2 ‘ ; and C. W. Ilascnbach, 
^ K. Bijhans solidiiiod the liquid at about —82^ but W. Ramsay did not freeze it 
al - If a small quantity of nitrogen peroxide is present, the liquid freezes 
at - bT to — 54“. D. Holbig gave — 111 ° for the m.p. ; P. A. Quyo and 
V\ Drouginine —111°; and N. M. WiltoriT, —103“, see Fig. 73. D. llelhig said 
that when suspended in liquid air, the solid looks like green chromic hydroxide, but 
when the liquid air is evaporated oil, the solid appears as a blue amoiphous mass. 

N. M Wittoril said that the solid fuinishea dark blue crystals. 

\V. Bamsay and J. T. (hindall, and G. Lungi^ and G. I. Forschneff showed 
th.ii the brown gas obtained by the vaporization of liquid nitrogen trioxide has a 
sp. gr. corresponding with that required for a mixture of nitric oxide and more or 
li‘ss prdynieri/ed nitrogen proxide. The dissociation of tho trioxido on vaporiza- 
tion IS confiriiiod by J. Moser's observation that the sprrtrum of the gas is identical 
witli that of nitrogen peroxide. L. Francpseoiii and N. Seiacca said that the liquid 
trioxuh) is stable at — 21 “ ; P. A. Guye and G. Drouginine found the vap. press., 
p nun., to be : 

fi- -nj* -10 r -18 1* -20 0- -25 2' -so- 

p « • m 400 443 179 150 116 0 

and W, Rimisiiy and co-workers, and 0. Lunge and 6 . T. Porschiiefi found that tlm 
lii]iiiil IS unstable, and can exist only in the pn-senre of its products of dihsociation. 
T) tilernez found that mecliameni agitation favoured tho decomposition of the liquid. 
(]. ihiume and M. Robert found that pure nitrogen trioxido can only exist at very 
low temp, in the solid state or in the liquid state under press, of nitric oxide. At 
temp, above — 1 ()U“, it dissociates. It is not possible to distil it in a vacuum because 
of the imiiKMliate formation of an atmosphere of nitrio oxide at ti-mperatures at 
whirli dHtillatioji is possible. The blue bquid has no definite b.p., and by inter- 
polation from the vaj). j)rr\ss. i-urves between —80“ and 35“, it is inferred that tlie 
b.p. is —27“ at 760 nun. By prolonged drying over iihosphorus pentoxide, 
11. 13. and M. Baker found that the temp, could be raised to 43“ before any sign of 
ebullition appeared. They also found that just as the dissociation of ammonium 
chloride does not occur if the compound be thoroughly dried, so is the dissociation 
of nitrogen trioxido hindered by thoroughly drying the liquid. This was shown by 
the vigorous absorption of the dried gas by cone, sulphuric acid, whereas an eq. 
mixture of nitric oxide and nitrogen jieroxidB is absorbed comparatively slowly. 
Tin- subject was discussed by A, 8 mits-<iide nitrogen peroxide. 

The relative density nf the gas dried for varying periods of time varied from 38-1 
to 62-2. Tho theoretical value for undiasociated nitrogen trioxidc being 38, and 
27-8 lor dissociated nitrogen trioxide at 22 “, it is therefore inferred that the dried 
gas contains varying amounts of polymerized nitrogen trioxide probably in tho form 
of W. lierz studied the mol. vol. Directly a minute trace of moisture is 

OR ^ nitrogen trioxido, dissociation occurs, and its density falls to about 
28 at 22“. The dried liquid suffers no change of colour as it boils away, but with the 
moist liquid, the green colour soon changes to yellow, 11. B. and M. Baker found 
that mol. wt. deteiminations of soln. nitrogen trioxide in dry benzene showed no 
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aignfi of any more polymeriaation tlian is exhibited by the dried gas. The mol. wt. 
varied from 83 to 95— theory for N2O3 being 7G. W, Ramsay 1^0 found the mol. 
wt, of ordinary nitrogen trioxidc in acetic acid to be between 80*9 and 92*7. 
B. M. Jon(‘S found that for the dried gas, the equilibrium constant, N, in the 
rear! ion: NO2+NO, is : 

20" 40* GO* 'BO* 100" 120* 140" 

K . . 6]3'4 1446 46-97 15-97 6-15 2-86 0-915 

M. Berthclot gave for the heat of formation : (No 30)=— 22-2 Cals, in the gaseous 
state, and - 8*1 Cals, in soln. J. Thumsen gave - 6'82 Cals in aq. solu, 
B. M. Junes gave for the heat of formation of N40a, 12*933 Cals, The identity of 
the absorption spectrum of the gas witli that of nitrogen peroxide has been 
emj)hasiiis(‘d by W. Ramsay, and J. Moser. The spectrum was also examined by 
D. Jirowster, £. Luck, J. N. Lockyor, W. H. Bair, and J. Clmppius. II. Wieland 
said that nitrogen trioxide between platinum electrodes 0-1 mm. apart showed no 
conductivity with a potential difteroneo of 20,000 volts. T. Bone gave —0-21 X 1 0 
for the sp. magnetic susceptibility of liquid nitrogen trioxide winch is thus dia- 
magnetic. 

The chemical properties of nitrogen trioxide.— As just indicated the analyses and 
mol. wt. determinations agree with the formula N2U3, on the assumption that a 
small proportion is polymerized to N4O11. The fonmila usually employed to 
represent the couatitution is 0 -N— 0— N-^O with both nitrogen alonis terealeut. 
R. Ciinsberg fliiggested that one nitrogen atom is qninquevalcni, and wrote : 

q'N— N=0 


Tliis view is supported by H. Wieland, who said that the formula 0 : N.O.N : 0 is 
not in keeping with its intense blue colour, which is eharacteristic of the nitroso- 
derivatives, OiN.NU ^ — inde infra, nitrous acid. 11. Reihlen and A. Hake 
obtained a colourless complex with stannic chloride in carbon tetrachloride at 
—40*", and it is supposed to be derived from a colourless tautomeric lorin, 
0 : N.O.N : 0. C. D. Niven discussed the elcctrooic structure. 0. le Bas said 
that the mol. vol. agrees with the assumption that the molecule has the structure ; 


0=N 

0=N 


>0 


L. Francesconi and N. Sciacca, and D. Helbig showed that below —110° oxygen 
is without action on nitrogen trioxide, which may be preserved solid in liquid air. 
Above —100'", oxygen attacks the trioxide, forming nitrogen peroxide. According 
to G. Lunge and G. 1. PorsclmefF, with an excess of oxygen, nitrogen trioxide is 
oxidized wholly to the peroxide during its evaporation. The gases, however, 
consist of nitrogen peroxide and nitric oxide so that the observed eJTcct is an 
oxidation of the latter. The reaction was also discussed by M. Berthelot, G. Lunge, 
and C. W. Hasenbach, According to H. B. and M. Baker, nitrogen trioxide is 
insoluble in water, and forms nitric oxide and nitrogen peroxide, which dissolves 
in the water. As usually prepared, however, nitrogen trioxide with a little water 
forms a bluish-green liquid, which above 0° evolves nitric oxide, and when diluted 
evolves nitric oxide. E. Frcmy found that in the presence of oxygen and water, 
nitrogen trioxide fonns uiiiic acid. With much water, nitrogen trioxide forms 
nitrous acid, and it is accordingly regarded as nitrous anhydride, the parent oxide 
of this aciil -w/e infra. A, Banfourche observed that nitrous anhydride, 01 the 
gaseous mixture of the same composition which reacts as the anhydride, acts on 
water with production of nitrous acid, which decomposes, yielding two-thirds of 
the original nitrogen in the form of nitric oxide. Dil. nitric acid behaves towards 
the anhydride in a similar manner to water, but acid of 50 per cent, and greato 
concentration is reduced with formation of nitrogen peroxide, which dissolves in 
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the acid. Both leactiona take place Bunnltaneously with acids of inteimediata 
concentiations. E. E. Rideal found that the equilibriuin constant in the reaction 
2HNC^+N203^H20+2N204 at ordinary temp, is Jff— 0'81. By agitation with 
oxygpn, the trioxidc is converted into nitrogen peroxide. According to C. Weltzien, 
110 trace of hydrogen cyanide is formed when nitrogen triozide mixed with ethane 
is passed over red-hot chromic oxide. Nitrogen trioxide is absorbed by soln. of the 
alkali hydroxidesi much more rapidly than is the case with nitrogen peroxide or 
nitric oxide. According to G. Klinger, the absorption is quantitative. Hence, 
M. le BUnc suggested that the gas really contains a little nitrogen trioxide in equili- 
brium with the nitric oxide and nitrogen peroxide : N203^N0-|-N02 ; and that it 
is the nitrogen trioxidc which is absorbed when the gas is in contact with alkali-lye. 
This view is supported by F. Forster, and 0. Schmidt and R. Booker. 11. Wieland 
said that F. Rasehig s observation that the trioxidc is almost completely absorbed 
js nitrite by dil. soda-lye, when, from a complotidy dissociated mixture of nitric 
iixide and nitrogen peroxide, only the latter should react to form nitrite and nitrate 
while the nitric oxide remains unchanged, maybe explained by assuming that nitric 
oxide and nitrogen peroxide cany opposite charges N20s^N0*+N0'2s so that the 
Na'-ion reacts with NO'2 and the OH'-ion with NO', consequently, with an excess of 
cilkaU-lyc, only the nitrite would be formed. This view is supported by F. Fnrsti'r 
and A. Blich’s observation that nitrogen trioxide is absorbed instantaneously by a 
mill, of sorlium hydroxide at - 22°, but liquid nitrogen peroxide is absorbed quite 
slimly. From the contraction which occurs on mixing nitric oxide with oxyg(m 
fliul with nitrogen ])eri)xide, E. Wourtzel inferred that the gaseous mixture 
I N()2 c tmtiiins about 2*5 per cent, of nitrogen trioxide. F. (larclli and 
E Monnth observed no appreciable lowering of the f.p. of stannic chloride by the 
ili'isolution of nitrogen trioxidc ; and II. Reililcn and A. Ilnkc said that the trioxide 
ioact«i with btannir cliloride, not in the ordinary blue form, but in the colourless 
lonn producing an unstable 3SnCl4.'lN02. 

K. A. Hofnianii and A. Zedtwitz found that when mixed oxides of nitrogen, 
prepared Iroiii sodium nitrite and 68 per cent, nitric arid, arc passed into cone. 
pcrrLlnric acid (a mixture of dihydrate and monohydrate), colourless, doubly 
lefrai'iing leafleth separate; when these are drained and dried over phosphoric 
oxide in an atm. of nitrogen oxides, and finally in a vacuum, a 20 30 per cent, yield 
of nitrosyl perchlorate, N0.0.C]O3,H2O, is obtained. By cvaporaling the mother- 
liquor at 110°, and agriin ]Mssing nitrogen oxides, a further yield is obtained. 
Nitrosyl perehlnratc only aliaorbs moisture from 1 he air very slowly. A little water 
derninposes it, forming a green solution, fllethyl alcohol ft^rms methyl nitrite, 
and ethyl alcohol, acetone, or ether ignite with explosion. Vinlenl explosions occur 
wilb primary aromatic amines, probably owing to the lorroaliou of diazonium 
perchlorates. Phenols give colorations with cone sulplmric acid ; B. Liljciisztem 
and L. Marchlewsky also found that nitrosyl sulphurio acid is formed The solu. of 
nitrogen trioxide in chloroform was found by A. Pictct and G. Karl to react with 
sulphur trioxide, forming mixed anhydridcs—iiw/e infra. According to W. Ramsay, 
if nitrogen peiiioxide be added to liquid nitrogen trioxide, the blue colour disappears, 
and liquid nitrogen peroxide is formed. A. Geuther and A. Michaelis observed that 
nitrogen trioxide reacts with well-cooled phosphorus trichloride, forming pyro- 
phosphoric chloride, P2O3CI4, phosphorus pentoxide, phosphuryl and nitrosyl 
chlorides, nitrogen, and a little nitric oxide ; and with phosphorus tiibromide, 
phosphorus pentoxide and oxychloride arc formed. H. B. and M. Baker found 
that dry nitrogen trioxide does not react with dry benzene. Many reactions of 
nitrogen Irioxide are discussed in connection with nitrous acid. F. Kuhlmann 
reported the formation of alanme nttmhhnde, Sii(T4.N203, as a non-crystalline, 
orange-yollow mass by the action of dry nitrogen trioxide on stannic chloride, but 
the product is thought by R* Weber, and W. liompe to be a nitrosyl complex, 
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§ 37. Nitrous Acid 

In 1774, C. W. Seliei'le ^ in his memoir : J)v waijnviiia inyni, showed thal when 
potabbium nitiato is kipt in a stale of fusion for half an hour at a rod-heat, it 
Bcquiics phlogiston ” ; otherwise expressed, it luse.s oxygen, or is reduced. The 
acid contained in the salt is quite different from what it was before the fusion. 
The product “ deliquesces in air although there is no evidence of any superabundant 
alkafi.^’ The new acid in the ignited nitre is so freble, said T. Bergman, that it can 
be displaced by vinegar, and he called it pJilogistu:ated mine acid. In 1772, 
J. Priestley observed the different colours assumed when nitric acid is treated with 
nitric oxide, and found that the colour which is at first orange yellow finally becomes 
a blue or green, forming what was latoi shown to be the plilogisticatcd nitric acid. 
These fuels were not appreciated until J. J. Berzeliun had demonstrati'd that there 
are at least two definite acids concerned in these reactions — ^nitrous acid, and nitric 
acid— and he established the fact that nitrous acid is a specific acid which forms 
with tlic saline bases a series of salts— the nitrites — ^with properties quite distinct 
from those of the nitrates. In 1802, J. L. Proust concluded from his observations 
on the action of lead on a boiling soln. of lead nitrate that the yellow crystals obtained 
represented a salt of lead in a lower state of oxidation ; but J. J . Bersolius’ observa- 
tions showed that the yellow crystals were a nitrite and not a nitrate of Icadi Similar 
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resulta were obtained by the action of ailver on sOvei nitrate. The additional 
observations of J. L. Gay LiuBaOp^ and of P, L. Diilong in 1616, and the work of 
E. Peligot in 1841, proved that while nitric acid has the composition HNO3, nitrona 
acid has the composition IINO2. The name nitrous add recommended by 
11. Choneviz is used at the present day, and the salts of the acid are called uitritea. 

The ocGUXTPncc of nitrous acid and nitrites in atm. air has already been discussed. 
The air of the best ventilated rooms whiTO gas is burnt contains nitrites. 
L. I. de Nagy llosva found that nitrites are exhaled from the lungs in breathing, 
and C. WuTsicr, and T. Cramer believe that the depressed feeling and uneasmess 
i>xperienced in crowded rooms is due to the presence of niiiites. J. r^habriei found 
fiuiu U'75 to 4-52 mgmi. N20a pnr kgrm. in many soils. The presence of nitrites 
in boils has been treated by C. F. Schunboin, L. Carius, A. Houzpau, F. A. Haarstirk, 
A Miintz and T. Schldsing, R. Warington, L. Spiegel, K. Srliaer, F. H. Storcr, 
S. W. Johnson, etc. — vide the fixation of nitrogen. J. Chabrier also found nitrites 
111 saltpetre ]>repared artificially ; £. Budtker found small traces of nitrites in soii- 
waliT ; and J. E. Enklaar, in ordinary water. The presenre of nitrites in spittle 
vas detected by E. Bottger, C. Wurster, P. Gness, and R. N. Musgrave. The last- 
named found 0-4 to 2-0 parte of nitrous acid per million. The presence of nitrites 
in urine was discussed by C. F. Sekonbein, F. Goppelsriider, H. B. Jones, and 
C. Jaffe. II. Struve found ainmciiiium nitrite in expired air. G. Bertoni and 
V. Raimondi founil nitrites in blood after jioisouing with Lydroxylamine. 
( F. Sehiinbein, and V, Genadius found nitrites in the juices of some plants— Bototw 
Imidus, lA^oiitodov iaraxacum, tipimda oltcramiy etc. 

The preparation of nitrous acid and the nitrites. — ^Nitrous arid is found in the 
hlne Kolution formed when nitrogim trioxido, N2O3, is dissolved in eold water: 

‘>034^2^=^ 211 NO2 ; and a mixture of nitrous and nitric acids is formed when 
iiiirogen jK^roxide, is dissolved in water: N204 4 Il20---nN024nN03. 

Tlih acid is formerl, areording to IJ. Waldie, when a mixture of hydrogen and nitric 
o\iile is burnt in air. Nitrous acid, however, is so unstable lhat it is usually studied 
when couibmed with the bases in the fonu of salts. Pure rntrous arid hus not been 
isolated. A soln. of nitrous acid can be made by adding hyilroelilonc or sulphuric 
arid or acetic acid to a soln. of the nitrite : NaNOj-j IK'l - Nat'l-j HXO^. Rome 
nitric oxide and nitric arid may be formed at the same time. Areording to 

W, llasenboch, and J. Fritzsehe, if nitrogen trioxidc be passed into water, at 0", 
a blue liquid is formed. The aq. soln. of the acid at low temp.— say —10"— is an 
iiidigo-l)lue colour wliirh becomes yellowish-green at room temp. ; the blue colour 
returns on rc-rooling the soln., hut it is rather paler than before. OM-iiig to loss by 
rlecuniposiiion. If the temp, be higher than this, nitric oxide is evolved, and nitric 
arid is formed: 3No0341l2G-‘lN0d 2FINO3. E, Frcmy found that nitrogen 
trioxide, with a little water, forms nitric oxide and nitric acid, but wiUi much water, 
the sobi. does not decompose and is fairly stable. H. Keinsch considered that in 
cold water, nitrogen trioxide forms h}>'drated nitrous acid ; and since an aq. soln. 
jirepan^d out of contact with air conducts electricity, L. Marclilewsky inferred that 
a hydrated nitrous acid is present. H. Reinsch also found that an aq. soln. of 
nitrogen peroxiile contains some nitrous os well os nitric acid. A. V. SaposehnikofI 
found aq, soln. of nitrous acid to be stable below 0" ; but could not obtain a constant 
value for the distribution of nitrous arid between water and ehloroform. 

(1) By tlije action of nitrogen oxides on aUcalim hyJroiides^idc E. Turpin. — 
J. L. Gay Lussac, P. L. Dulong, J. Fritzsehe, F. Emich, M. Berthelot, and T. Thom- 
Hon found that a mixture of oxygen and a large excess of nitric oxidr, say (1 : 4), 
in contact with a soln. of potash-lye fonns ]»iiaBsium nitrite ; and E. Peligot said 
that when nitric oxide comes in contact with mercurous oxide, mercurous nitrite 
is formed. C. F. Schonbein, and P. Sabatier and J, B. Seiidereiia obtained nitrites 
by the action of nitric oxide on barium dioxirlc ; C. F. Schonbein, on hydrogen 
dioxide, or manganese dioxide, or silver oxide. The nitrites are formed when 
mirogon trioxide or nitrogen peroxide is passed into a soln. of potassium or sodium 
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hydroxide. With nitrogen peroxide, the corresponding nitrate is formed at the 
same time as the nitrite, and the two can be more or less cleanly separated by 
fractional crystallization ; if the nitrogen trioxidc is mixed with a slight excess 
of nitric oxide, NO, very little uitratr is formed. Commercially, the nitrons fumes 
obtained by passing an elrctrio discharge in air (vide supra) at a temp, of about 
300 ° are pas^ into the alkali-lye, and fairly pure nitrite is formed. The nitric 
oxide formed by the electric discharge does not oxidize further than N203 when 
the temp, does not fall below 300 °. 

( 2 ) By the reduction of the fused mirates or thnr aqueous Moore 

found that ordinary tap-water which has stood for a day in darkness contains no 
nitrites, but if it has been exposed tn tlie sun for aii hour or two, nitrites are formed. 
Nitrates are thus reduced to nitrites when exposed to sunlight. Ordinary running 
water, or dew, may contain nitiitcs for a similar rpuhon. According to R, Cooke, 
dil, nitric arid in the presence of spongy platinum is reduced by hydrogen with the 
formation of ammonium nitrite. J. J. Berzelius showed that when a soln. of lead 
nitrite is boiled with lead, the latter is oxidized at llie expense of the nitrate, and 
lead nitrite is formed. C. V. Seliunbein obtained it by reducing aq. soln. of the 
nitrates or nitric acid by stirring them with a eailmium or zinc rod, or by the addi* 
tion of potassium-, sodium-, lead-, or zmc-anialgani — but not of iron-, aluminium-, 
or tin-amaJgam ; IS. Muller and J. Weber, by tlie electrolysis of a soln. of a nitrate 
with silver or copper electrodes when the nitiate is almost wholly reduced to the 
nitrite before the latter commences to be reduced to ammonia. F. Gantter obtained 
nitrites by reducing nitrates by phosphorous acid; G. Flick, by the action of 
fculphur dioxide in the presence of liine which the sulphuric acid siniultaneously 
formed: NaK03+Ca0-|-S02=r'aR04+NaN0n ; G. Arth, and K. Givers, by the 
action of zinc, iron, etc., on the prouuid of the action of ammonia on ammonium 
nitrate; H. Morin, by the action of eadmiiun on a snln. of ammonium jiilrate; 
M. Goldaehmidl, by the reducing action of earlion monoxide, formic acid or the 
formates , and J. J'riealley, and J. L. (Jay Lussae, by passing nitric oxide into nitric 
acid. V. II, Vele} showed that the leaetii/n between nitric oxide anil nitric acid: 
2N0+]IN03+If20^3HN02, is rever&ible, when the soln. is suflicienllv dil. and the 
temp. low. For equilibrium, the ratio of tlie quantities of nitric acids is about 9 : 1 . 
With more rone, acids, and at higher temp , the chemical changes taking place are 
more complicated. In soln. contaijiing both nitric and nitrous acids, the rate of 
change at any moment is proportional to the mass of the nitrous acid present, and 
is depei lent on the ratio of the massevS of nitrous and nitric acid, being the more 
rapid tl greater the proportion of the former to that of the lot t er. In 1 he jiarticular 
case of the liquids prepared from nitric oxide and nitric acid, the rate of change 
was found to vary with the temp, according to the equation Nitrouh 

nitric acid soln. ])Teparcd iu different ways behave in a similar manner os 
regards the diminution of the mass of the nitrous acid, but in other rcspi'cls, such 
as the evolution of gases and action on metals, they are dissiDiilar. E, Divers 
showed that nitrites as well as nitrates are formed when the metals [q,v) copper, 
silver, mercnr}% and bismuth are dissolved in nitric acid, but only nitrates and 
ammonia, or liydroxylaniine, arc formed when the alkali metals, magnesium, zinc, 
cadmium, aluminium, tin, lead, and iron, are similarly treated. The subject is 
discussed in connexion with specific metals— c.y. cojiper. According to 
W. J. Russell, E. Divers, and V. H. Veley, many metals dissolvo in nilric acid only 
when nitrous acid is present, and this has been attributed to the formation of 
nitrites which are attacked by the nitric acid, or else to the nitrous acid acting 
as a depolarizer. W. D. Bancroft holrls that the nitrous acid acts catalytically 
to activate the nitric acid, possibly through the dynamic equilibrium: 3 BN(b 
^HN03-l-2N0-fHii0. As already indicated, it was known in the middle of the 
eighteenth century that sodium or potassium nitrate decomposos when heated, 
forming a new salt, which was later shown to be the alkali nitrite. N. W. Fischer 
recognized that the reaction is difficult to control, and he found that better reaulte 
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ate obtained if the molten nitrate be treated with hydrogen, or preferably mixed 
with a redneing agent like charcoal, or lead. Thus, when a miztore of lead filings 
and an equal weight of sodium nitrate is heated in a crucible to about 420°, oxygen 
is slowly transferred from the nitrate to the lead ; the main reaction is represented : 
3Pb+4NHN03-Pb804+45laN02, or Pb+NaNOs^PbO+NaNOg. The temp, 
developed during the reaction is not sufficient to decompose much of the nitrite 
to sodium oxide— indeed, a 90 per cent, yirdd of nitrile can bo formed under manu- 
facturing conditions. The fused mass is digested with water, filtered, and the 
Boln. evaporated when a crop of crystals of sodium nitrite sejiaiatcs on cooling. 
The lead oxide can he recovered and sold as litharge, while the unconverted 
lend can be recovered and used over again. J. Milbanei and 0. Vogel said that 
the reaction Pb-j-NaNOs— NaN02+Pb0 proceeds completely to the right if a 
IT) per cent, excess of lead is employed, at about a hundred degrees above the 
m.p. of sodium nitrate — viz, 315°. The yield of lead oxide is less than the theoretical 
because of the dissociation of the nitrate into nitrite and oxygen. G. Tacchini 
rpcomiiieiided heating sodium nitrate with barium oxide or miniganese dioxide, 
Several reducing agents have been recommended— thus, 0. A. le Roy employed 
Ijarium or calcium sulphide ; A. Etard, alkali sulphite ; and L. G. Paul, sodium 
hydroxide and sulphur— eitlier the yield of nitrite is not so good as with lead, or 
tliu resulting nitrite is not so readily freed from impurities -sulphates, etc.— 
formed during the reaction. Nitrates were produced by E. Muller and co-workcr», 
J. Weber, and W. J. Miiller by the elertro-rediu tinn of nitrates. 

(3) By the reduction of nitric aciiL -E. Abel and 1). Ilarasly studied the reaction : 
HN03-f-H20+2N0— 3HN0.2, which occurs when nilrie oxide is bubbled through 
nitric acid — vide supra, mine oxide; and infra for the rcviThe reaction. The 
nMifiion is heterogeneous (the \clority of reduction is ilecreaseil by decreasing the 
glass surface of the apparatus) and is aiitocatalyzed by the nitrous arid, which acts 
as a sujjerposed positive and negative catalyst ; it accidiTates the roiiuction when 
its cone, is small and retards it as the cone, becomes larger. The velocity increases 
with inereaKing velocity of the nitric oxide stream and with dccrea‘»ing vol. of the 
aoln. of the reactants. The latter elTeet h mainly due to change in the hydiogen-ion 
cone, of the nitric acid ; the uitratc-ion couc. has only a small influence. Sodium 
sulphate retards the reaction and in inodiTatcly large cone, practically stops it. 
J. iJ. (Jladstonc and A. Tribe, and £. Miiller and J. Weber found that nitrous acid 
h the first reduction product of nitric acid. According to K. EotckcIi, certain 
insoluble ferruginous substaucea— finely powdered fprrouuignesian mmeral.s, 
iron ores, and basic slag ran reduce neutral, uq. suln. of nitrat cs to nitrites. The 
reduction is favoured by the presence of ammonium salts which are themselves 
oxidized to nitrites. The ferrous oxide appears to act as a catalyst. The formation 
of nitrites from nitrates and ammonium salts is an incomplete bimoleculiir reaction. 
Only an iasignilicant amount of nitrite is formed by the action of manganese 
compounds. These reactions play a part in the changes sufleied by nitrogenous 
compounds in soils. 

(4) By the oxidation of niiroyenj ammoiiia, and nitrogen-hydrogen compounds.-^ 
0. V. Sebonbein, 0. Low, and M. Zabelin said that ammomum nitrite is formed 
when water is evaporated or distilled in air ; R. Warington found that nitrites 
ftre produced during the evaporation of water in vessels exposed to air, but not in 
closed vessels ; and A. von Lusecke said that the amoimt produced is greater the 
lower the temp. On the other hand, L. Corius, B. Bohlig, T. Freda, and N. Smith 
failed to confirm the obseri^ation when care is taken to use air free from nitrites. 
According to C. P. Schonbeiu, P. Zoller and E. A. Grelo, H. Struve, A. W. Hof- 
mann, M. Zabdin, 0. Liiw, H. B. Jones, H. Kolbe, 11. Brittger, J. D. Boeke. 
A. R. Leeds, L. T. Wright, 0. Than, and L. I. de Nagy Ilosva, nitrous acid or 
ammonium nitrite is formed in traces when hydrogen, coal, carbon monoxide, wax, 
coal-gas, alcohol, and various hydrocarbons are burnt in air, and, added F. Pisoher 
uid F , Bighmer, this occuis even when the temp, is very low, for nitrous acid is 
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produced by the combustion of carbon monozido, acetylene, carbon, wood, and 
BulpliUT in liquid air-H^c supra, fixation of nitrogen. C, F. Schonbein, M. Bibe- 
lot, M. Zabelin, and G. Meissner reported on the production of nitrites during the 
slow oxidation of phosphorus in air ; S. Kappel, by passing air over magnesium 
in contact with potassium hydroxide ; E. Keiclmrdt, by shaking water with man- 
ganic hydroxide and magnesium carbonate— but V. Zbller and E. A. Crete could 
not confirm this ; A. A. Bonnema, by shaking ferric hydroxide in air— but F. Bestini 
denied this ; M. Berthelot, and R. Pohl, by sparbng a mixture ol nitrogen and steam 
obtained ammonium nitrite, and S. M. Losanitsch and M. Z. Jovitschitsch obtained 
a similar result by the silent discharge. L. J. do Nagy llusva (diservod the forma- 
tion of nitrous acid when a current of air is passed over reduced iron at 1S)0°-250°. 

The oxidal ion of ammonia has been previously iliseussed. 0. 1 tbw, L. T. Wright, 
and H. N. Warren observed the formation of ammoniiiTn uilritc when amrauma 
and air are passed over warm platinized asbestos. C. F. Hehoiibein, and H. Kappel 
obtained a similar result with reduced copper, nickel, or iron. F. Scstini said that 
ferric hydroxide ran oxidize ammonia to the nitrite.. When copper is oxidized 
in the presence of ammonia, the latter is simultaneoiisly oxidized to a nitrite ; 
this reaction was examined by C. F. Schonbein, E. PeUigut, JU. Bcrthelnt and 
L. P. de St. Gilles, and D. K. Tuttle. C. F. Schonbein, and 0. Kraut observed tlie 
formal ion of nitrites w'hen a sjnral of platinum, copper, or mcktd wire is heated in 
anunoniaral aii. According to F. Ba} er, nitrous acid and not nitric acid is formed 
when a mixture of air or ox 3 ’g<‘n and ammonia is passed c^ver feme oxide or copper 
oxide at a temp, exceeding 050". C. F- Schonbein obtained ammonium nitrite 
by passing electric sparks through aq. aiiimania in the jirescrn'e of air. 
C. F. Boliringer, and C. Uouchrt and co-workers icduced nitruics to nitrites by the 
electrolysis of aq. soln. with a m^Tcury cathudi*. A nitiilc is formed by the 
electiolvbis of a soln. of ammonia m soda-lye in the pri'serice of cupric hydroxide, 
and W. Traube and A. Biltz using a current of 5- lb amps., and jiUtinum or iron 
electrodes, showed that virtually all Iht^ anode oxygen is used in oxidizing tlie 
ammonia to nitntc before the latter ia converted into nitrate. E. MUHit and 
F. Spitzer studied the nature of the anode material on the ol(‘rtro-reduclioii 
of nitrates to nitriL^'s. According to U. F. Schonbein, aq. ammonia is oxidized 
to the nitrite by hydrogen dioxide, and bypotaSMiim ]h rinanganate, particularly 
when agitated in the presence of ])Jatiuum-black, and the reaction was found by 
L. P. de St. Gilles to be quicker in the proaeiiop of formic acid. The reaction was 
investigated by F. W'ohler, W. Woitli and R. Welier, F. Hoppe-Sr*) ler, and 11, Tamm. 
Various organic compounds were found by E. Donath to bo energetically oxidiziul 
to nitrous acid by treatment with potassium permanganate. C. M. TessiS du 
Motay found that a mixture of oxyg(m and ammonia is oxiilized to nitrite, nitrate, 
or free nitric acid when passed over lead manganate, purmanganak, or dichromate 
at 

(5) liiological prorracs.— Nitrites arc formed during the putrefaction and decay 
of nitrogenous substances. The oxidation of ammonia by backria has been 
discussed m connection with the fixation of nitrogen. ()bsi*rvatioDs on the subject 
were made by C. F. Schonbein, F. Schtir, P. F. Fraukland and co-workers, 
E. Laurent, T. Schlusing, T. Leone, A. Miintz, 8. Winogradsky, etc. The reverse 
action, dmitrijicatwn of nitrates by bacteria, whereby nilritcs are formed was 
proliably observed by C. F. Schonbein in 18CB ; and the subject has been discussed 
by 0. Baiidischc, E. Baur, M. W. Beyerinck, P. A. Jkmcquct, F. Bordas and co- 
co-workers, H. von Caron, J. Chukevich, M. Chwilew&ky, E, Crespolani, A. Dicu- 
doim4, F. Duchacek, P. F. Frankland, U. Qayon and G. Duiietit, V. Griessniayer, 

L. Grimbert and L. Ficquet, C. A. llerter, B. Uorowilz, H. Jensen, A. Jorissen, 

M. Klacset, H. Kiihl, £. Laurent, W. T. Logie, M. Lunkewitsch, A. Maossen, 
P. Mazd, L, Mazzptti, E. Meiisel, B. Mtillcr and F. Spitzer, E. Pclz, R. J. Petri, 
W. Seifert, A. Springer, J. BtoHasa, W. B, Wherry, etc. Vide infra for the reduc- 
tion to ammonia and nitrogen^ 
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The properUee of nitrone acid and the nitritee.— The aq. Boln. of the alkali 
nitrites weic found by J. J. Beizolius to decompose slowly in boiling ; SENOz+HjO 
=:KN03+2KOH+2NO— oide infra for ammonium salts. The aq. soln. when 
boiled in air, wero also foond to absorb oxygen, so as to fi^rm nitrates. G. Lunge 
bhnwed that aq. soln. slowly pass into nitrates. According to E. Fremy, the aq. 
soln. at 0^* is fairly stable, above that temp, it decomposes if in cone. soln. 
Inili^erent powders like sand, gyjisum, and ehari^oal aoccdeiate the decomposition. 
A. V. iSaposehnikoil found aq. soln. of iiitroiis acid to be stable liebw 0^ ; but he 
I'ould not obtain a constant value for the distribution of nitrous arid between water 
and chloroform. According to C. Montemartini, an aq. soln. of tlir acid decomposes 
Recording to the rule forunimolccular proresscs, and judging by the fjual products, 
lliB simplest equation: 3HN02F^2N0+UK03+H20, is a termolecular process. 
This shows that the docomposition involves at least two operations — a slow unimole- 
eular process and an immeasurably quicker process. The reaction is probably 
ri'versiblo because it is hindered in a marked way by increasing the press, of the 
nitric oxide. A. V. Saposehnikoll reprcaonlcd the velocity of the reaction by 
K (l/i-j) log {r^(a— ar)/a(T|“ a;)}, where a denotes the initial eonc. of the nitrous 
add; x^, the cone, at the timef ; and x, the conn, after 300 hrs. when the soln. 
Ii.is been agilatcul energetically. He found that for nitric acid varying from JV- 
1o ^ A’-cnnc., the equilibrium constant is 15D ; and for O-OHA'-TINOg, 232 ; this is 
t/ikim to iiidn ate that with low cone., the reaction proceeds very slowly and does 
not. reach a final stage of equilibiium. 0. N. Lewis and A. Edgar fr)LLiid fur the 
('fpiililninm roiiatjint A-'IHNOrtp/liriiNG's], in the reaction ‘‘11N02^2M0+H20 
IT'-lNOatobc K 0-0267 at 2 j'* ; A. V. Sapo.schnikoff’s (1-0175 becomes 
0’020S if the same data are employiMl in the two cases. The w.iI't is assumed to 
b(‘ cniistaiit, and the nitric oxide being al\\.ivs pn^simt at the same press, is also 
eDTistaiit. P. C. Ray, M. L. Doy and J. V. Gliusli found that the meai*iiremput8 
of the rate of dticompo.dtion agree with those required for a uiiimolecular cliiinge, 
and the vdonity coell. at 0®, 21®, and 40® are respectively 0-00014, 0-00022, and 
01)0057. A. Klemenc ami F. Poliak showed that the ilecoraimsition 3ILNO2 
Jl^JOy f 2NO+H2O depends on the velocity at which nitric oxid^- is removed 
from the soln. I mlksociated nitrous acid posstsscs a considerable pr»‘S8. of nitric 
ovule, and, in couBequcnce, the velueitj’ of decomiiosilion is propoitioiiHl to the 
rone, of uudis.soeiated nitrous arid. The cone, of fn-c nitric oxide in aq. soln. 
itiiiy be regarded as approximately the same as that of the undi.si^ociated nitrous 
iii'iil. When nitrocen, or another inert gas, is led through a soln, of nitrous acid the 
velocity of decomposition is increased, and the velocity couiatant iiureases with 
1 he increasing rate at which the nitrogen is passed through. Tlie tipecd of the direct 
Ll'*conip03ition of nitrous acid is in all probability immeasurably rapid. Nitrous 
aeid decomposes spoataniMmsly into nitric oxide, and. the hydroxyl radicle and its 
transitory existence in aq. soln. is due to a mutual action between it and the solvent. 
The presence of mineral acids increases the velocity of decomposition. V. H. Veley 
showed that the reaction is probably reversible, and A, V. SaposelmikofT showed 
that the reverse change is very slow with dil. soln. of nitric acid. According to 
T. W, J. Taylor and co-workers, the reaction is at first rapid, and it subsequently 
slows down. If tbo nitrous acid be mixed with sodium sulphate, and kejit under 
a layer of paraffin, the decomposition is considerably retarded. The first stage of 
the decomposition is represented by a state of equilibrium : 2UN02--N20g-|'HaGi 
and the complicated nature of the subsequent changes arises from the beliiivioui 
of the anhydride ; that this latter exists in soln. is supported by the observations 
of A. V. Haposchnikofi on the ease with which organic stdvcnts will dissolve if from 
soln. of the acid. It is not the anhydride itself which escapes as gas 
from the soln., for, if this were so, the soln. would contain eventually less 
nitric acid than the quantity corresponding to the equation of decomposition : 
3IIN03=HN02-|-2N0+H20, and experiment showed that in every case under 
paiulhn the theoretical amount of nitric acid remained. The fuels arc exjdainod by 
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the assumption that another state of equilibrium exists, namoly, N^Qs^NO-fNC^. 
In a completely stable soln., the cone, of water being assumed to be constant, 
the function [N0][N0£j/[IlN02P would have a fixed value at any one temp. ; but 
the cone, of nitric oxide cannot exceed a certain limit because of its slight solubility, 
and the limit will depend on the press. No completely stable soln., however, can 
exist, even in a sealed bulb where the press, of nitric oxide can become high, since 
the nitrogen peroxide is continually hydrated and removed from the equilibrium. 
During the slow ” decomposition of the nitrous acid, two factors come into play ; 
the rate of escape of nitric oxide, and the rate of hyilration of the peroxide. The 
cone, of the latter is probably extremely small, and thus the quantity hydrated in 
unit time is small, and consequently the second factor under normal conditions 
is of loss importance. Any factor tending to faciUtate the escape of the nitric 
oxide, such as increased area of contact with the gas j)hase, addition of sand or 
charcoal or reduction of press., will increase the rate of decomposition. 

N. R. Dhai showed that the decomposition of nitrous acid into nitric acid and 
nitric oxide is hindered by mild reducing agents ; andK.B. MukerjiandN. It.Dhar, 
that the velocity coeff. in both the light and the dark increases slowly with increase 
of cone, of the nitrous arid. The velocity coeff. are considerably greater —from 200 
to 400 per cent. — when the reaction is carried out in open vessels than when closed 
vessels are em)doyed. This is attributed to a displacement of equilibrium owing to 
the removal of nitric oxide under the former conditions. The velocity of the reac- 
tion is markedly arcolerated by light, and to a greater extent when closed vessels are 
used. The following substances act as positive calalj^sts for the reaction : fernc 
nitrate, cobalt nitrate, nickel nitrate, chioiiiium rhloride, copper sulphate, nitric 
acid, potassium chlorate, potiissium nitrate, sulphuric acid, ferric hydroxide sol, 
molybdic and titanic acids, bromocampbor, tbioi aibamidc, diiiitraphenol, car- 
bamide, phthalic anhydride, citric, tartaiic, and formic acids, potassium oxalate, 
potassium formate, boric acid, and tartar emetic. The following act as negative 
catalysts: sucrose, dextrose, glycerol, alcohol, hydrogen dioxide, ethyl ether, 
quinol, phenol, brucine, strychnine, narcotme, and quinine bulphatc. Manganese 
nitrate and barium sulphate are without effect. The results inrlical e that reducing 
agents retard reactions involving auto-oxidaiion and reduction processes. The 
subject was also investigated by V. H. Veley, A. Jacob, J. Knox and D. M. Reid, 
and Abegg and II. Pick. A. Jacob found that the first stage of the reaction 
is probably 2HN()3 II2O+N2O3. According to J. Thomsen, the heat of formation 
(2N,30,aq.) is -6-82 Cals.; (2NO.O,aq.^, -36-33 Cals.; (H,N,02,aq.) fMhTT 
Cals. ; and (N0,0,II,aq.)+52-35 Cals. M. Berthclot gave 2-1 Cals, for the heat 
of neutralization with ammonia ; and 10*6 Cals, with baiyta. A. Jacob calcu- 
lated for the reaction 3HN02aq.^HN08aq,+2N0+H20— 17,900 cals. From the 
conductivity of the mercury salt, H. Ley and H. Kissel concluded that nitrous acid 
is rather stronger than acetic acid — vide infra^ silver nitrite. 

A. A. Blanchard calculated from the effect of carbon dioxide on soln. of potas- 
BLum nitrite the ionization constant, K— [H'][N0'2]/[HN02]i to be 0<N}040 ; 
M. Schumann gave 0*00015 ; F. C. Ray and co-workers, 0-00060 at 0° ; and 
E. Bauer, 0*00064. C. Matignon and 0. Giro found that the electrical con- 
ductivity and the progressive displacement of nitrous add by sulphurio in a dil. 
sob. of sodium nitrite indicate that nitrous acid is a stronger acid than the 
second add function of phosphoric add — ^the ionization constant for nitrous acid 
is 6xl0~'^ and for the second acid function of phosphoric acid, 1-9x10"^. They 
also exammed the effect of dlEercnt mdicators. E. Bauer found the transport 
number of the NO'2-'ions to bo 56 ; M. Schiimann gave 64-5 ; H. Pick, 63 ; N. R. l3har 
and D. N. Bhattacharyya, 67-9 at 25° and infinite dilution ; S. von Niementowsky 
and J. von Roszkowsky, 72-3 (when that for NO'g-ion is 65-1) ; and F. Vogel, Gl-7. 
Acoordmg to R. Abegg and H. Pick, when heated m a closed vessel above 40°, soln. 
of silver nitrite were decomposed according to the equation 2AgN02r^Ag+^0 
+AgNOj, or, on the ionic theory, 2Ag’+2NO 2v=^Ag-l- AgH-NO+NO'a ; the action 
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is a TeveTsible one. If p denotes the partial press, of the nitric oxide, the constant 
A--p[NO'8]/LAg'l[NO'2F value l-OxlO^ at 55®, the pressure of nitric oxide 

bi'ing expressed in atm. and the cone, of the other substancos in mols. pnr litre. 
From this it is calculated that the intensity of the oxidation reaction 2NO'2 *>NO 
-| no's is — 0'43 volt, the potential of the hydrogen electrode being taken as 
zr'ro ] in other words, when the substances taking part in the equilibrium are present 
in unit concentration, the nitrite ion is, by 0-^3 volt, a less powerful reducing agent 
than hydrogim, but the reducing action of the former is greatly increased when the 
nitric oxide cone, is small. According to K. Ihle, if the oxidation of the hydrogen 
ions in a (^rove's cell is not sufficiently rapid, polarization occurs, and the c.m.f. 
falls considerably. This oxidation velocity is largely dependent on the cone, of 
the acid, and is increased by the addition of small quantities of nitrous acid. Thus, 
iilthoiigh polarization with a pure acid occurred when the cone, was 35 per cent., 
by the addition of 6 drops of nitrite soln. the acid could be further diluted to 
20 per rent, without any polarization. Owing to this action of nitrous acid, urea 
anil si long oxidizing agents, such as potassium permanganate, have a retarding 
effect on llie oxidation velocity, which may further he increased by some reducing 
agciiis. The potential of the nitric acitl increases with the cone., the values 1*23 
Vv)It, at n per cent., and 1*52 volt, at 95*5 per cent., being obtained. Nitrous acid, 
however, lowers the potential, and its effect in this respr^ct was found to be a 
logarithmic function of its cone. The poLenlial of nitrous ucid itself was found to 
be lower than that of nitric acid. It was inferred that nitrous acid is the real 
ilqioliirizer in Grove’s eell. H. Pick, and A. Kleiuenc and P. Gross studied the 
iiiKuhe behaviour of nitrous acirl. A. KIpiumic showed that when a platinum 
eliM'trode is in contact with the system: HN02-HN03-N0, in equilibrium, the 
n action in ai>proximately 3JV-solii. is NO+SHaO-^iH’+NO'# ; but in more dil. 
Mdln , the reaction : NO | Il20->2H,+N()'2 comes into play. 

According to L. 1. de Nagy Ilosva, nitrous acid can act both as an oxidizing 
anil as a reducing agent. Thus it has a reducing action when it is oxiilized to nitric 
acid iJ/. when treated with ozone or hydrogen dioxide, and in the latter case, 
added (’. F, Kclibnbein, sunlight accelerates the change. K. B. Miikerji and 
N. K. Dliar estimated that the photochemical action of light persisted only 4-2 X 10~® 
secs. M. Bui^ch said the oxidation with hydrogen dioxide is complete in acid soln. 
The reactions were also studied by W. Weith and K. Weber, A. Perrot, U. Bdttgor, 
and H, Buff and A. W. Hofmann after exposure. C. F. Hchoubein found that 
nitrous arid also reduces lenti or niangatiesB dioxide, and the brown soln. of silver 
dioxide in cold nitric acid. 11. Zielor examined the oxidation of sodium nitrite 


or nitrous ucid. Since the oxidizing action of nitric acid usually ceases when it has 
been redui’cd to nitric oxide ; and the reartion : 4NO l-302+21l20-=41IN0g 


involves a decrease in vol., oxidations can bo effected by oxygen under press, 
with nitric acid as catalytic agent. Thus, wdiile neutral sola, of sodium nitrite are 
not oxidized by oxygen under a jircss. of 20 atm., in soln, acidified by nitric acid, 
the oxidation to nitrate 
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tVi/ffl, sodium nitrite. A. W. Francis studied the speed of oxidation of sodium 
nitrite by bromine- water. R, C. Banerji and N. R. Dhat found that the reaction 
with iodine is bimolecular: NaN02+Ig+H20=NaN(^-h2HI, in darkness, 




4G4 


INORGANIC AND THEORETICAL CHEIDBTRT 


caTbonaios, nitrous oxide and ammonia are chiefly fonnod. In boiling alkali 
hydroxide suln., the nitrite is quantitatively reduced to ammonia. 0. Baudisch 
said that the formation of nitrate from nitrite by complex iron salts is probably 
due to the uiiRaturated torvalent nitrogen atom of the nitrite attaching itself to 
the central iron nucleus by secondary valencies, and it is subsequently decomposed, 
forming nitric oxide. The reduction of alkali nitrite by potassium ferrucyanide 
and oxygeu is said to occur by the displacement of a CN-radiclo from the inner 
sphen^ of the complex by oxygeu and a molecule of an alkali taking its place, 
the nitrite then decomposes, giving of! nitric oxjde which is displaced by oxygen. 
The deromjiosition of alkali mtritos by complex iron salts can be cflectcd in day- 
light at ordinary temp. For the action with arsenious and sulphurous acids, vxde 
the respective acids. 

Nitrous acid is also employed as a nitratiry figent in organic chemistry. Thus, 
M. F. Aitken and T. H. Iteade studied its action on p-iododimethylaniline, and 
obtained nitro-derivativcs ; J. Ileilly and P. J. Drumm, its action on substituted 
p-phenyleiicdiiimine.s ; and F. Bettzieche, and U. H. A. Pliinnicr, its action on 
amides and other umino-cumpouiids. Nitrogen trioxido was found by II. Reihlen 
and A. Hake to form an unstable complex with stannic chloride- possibly 
3iSiiri4.-lN02. Nitrogen trioxidc reacts with stannic chloride not in the ordinary 
blue but in the colourless form. A. Elemenc and 11. Scholler studied the partition 
of nitrous acid between ether and water. The poisonous qualities of nitrous acid 
have been discussed by A. Purcell, 3 etc. 

Some reactions of nitrons add and the nitrites of analytical interest.— Many 
of the characteristic leactious of the nitrites depend on a change of colour attending 
oxidation or reduction. Thi* salts arc decomposed in the cold by siilphurio acid 
with the liboTatioii of nitric oxide which gives brown fumes in air ; tlic cone, acid 
acts more vigorously. Nitrates give brnu^n fumes only when heated with the cone, 
acid. The test is not conclusive if cldorides or bromides be present. Potassium 
iodide is not dc'Composod by pure dil. nitric acid ; whereas, a soln. of a nitrite, 
when aeiflifiert with dil. suljihuric or acetic acid, becomes yellow or brown owing 
to the spjjaration of iodine. II a little stareh paste be presi'iit, the soln. will be 
coloured blue. According to R. Bottger/ the reaction is sensitive to about one 
part of nitrous acid in about 10,000,000 parts of water. Many other oxidizing 
agents give the same coloration— ozone, hydrogen peroxide, ehlorine, and ferric 
salts. Nitrates give the same coloration if a little zinc be added to the acidified 
soln. owing to the reduction of tlie nitr.ites to nitrites. A sensitive te.st for the 
mtrate.s is based upon the oxnlation of ferrous salts by nitric acid : 
CFeS04+3H.2S04-f2ilN08-=3Fe2(S04)3+41l2O+2N0 ; and by lutrous acid; 
2FeiS04-|-H2S0442HN02— Fe2(H04)s+2H20-+ 2N0. In the cold, the nitrie 
oxide forms a dark brown compound with the excess of ferrous salt. To apply 
the tost, dissolve the nitrate in as little water as possible. Add a cold sat. suln. 
of ferrous sulphate slightly acidified with sulphuric acid. Pour cone, sulphuric 
acid down the side of the tube. If nitric arid be present, the zone of rontact will 
be coloured dark brown. With nitrites, the conn, sulphuric acid need not be added. 
A warm, acidified soln. of potassium permanganate is decolorized by nitrous 
acid, but not a neutral soln. F. H. Hermans found that to 2 c.c. of the soln. to he 
examined a few drops of glacial acetic acid should be added aud then 2 c.c. of 5 per 
cent, potassium oxalate soln., I c.c. of b per cent. manganOQS Bull^te soln., and a 
few drops of 3 per rent, hydrogen peroxide, A rod coloration indicates nitrite. A 
gram of sodium nitrite per litre can be detected in this way. If a nitrite be added to 
a dil., almost noIourleH.q soln. of potassium lertDCyanide acidified with acetic acid, 
6. 0. Schaffer showed that a dark greenish-yellow colour appears —detectable if 
one part of nitrite is present b 600,000 parts of soln., owing to the conversion nf 
ferro- to ferricyanide : K 4 FeC)y 6 +NaN 02 + 2 CH 8 .COOH-»K 3 PeCy 8 +CH 3 .COOK 
+CH8C00Na+H20+N0. This reaction disthguishos nitrites from nitrates. 
The reaction was examined by 0. M. van Deventer and co-workers, E. W. Davy, 
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and T. M. Chatard. According to C. D. Braun, nitrites with potasuiiim cyanide, 
robalt chloride, and a little acetic acid give a reddish-orange colour. Ctotalt 
salts with an excess of potassium nitrii^) and acetic acid give a yellow precipitate 
of potassium hcxanitritocobaltate, f0o(N02)QlK;^. Areoi ling to E. Lensseu, 
W. Kallc and W. Prickharta, and P. Sabatier, cuprous salts in fuming hydrochloric 
arid soln. are coloiireil blue by iiitritps. TJie colour \anishcs when th^ soln. is 
wanned, or when alkalies are aildi^d. Nitrales may bo distinguished from nitrites 
]iy the addition of hot concentrated sodium hyposulphite, tlie former remains 
luialtcrcd, the latter evolves nitrogen. P. Palciola found that the addition of 
godiuui thiosulphate soln. of about 0*5Ar-conc., drop by dio)) to an alkali nitrite 
soln. acidiiled with sulphuric acid, yields a transitory yi*llow coloration, more or 
less intense according to the proportion of nitrite prchcmt ; tins rraiitinu is per- 
ct'ptiblc with O OOOlJV-nitrite soln. With moderately conn, nitrite soln., use may 
be made of sodium thiosulphate test-paper, which is dipped first iulo the nitrite 
6uln., and thou into dil. sulphuric or acetic acid. 

Several alkaloids are coloured by nitrites. In IRll, J. B. Berthnuot found 
that brucine (0-02 grm.) in cunc, sulphuric arid gives a red r<oloration with a sohi, 
of nitrous acid mixed vrith 3-4 times its vol. of sulphuric acid. According to 
E Nicholson, one part of nitric acid in 10,000,000 jiarl s of water gives a peieexjtiblo 
]iink culoration. The reaction was examined by 0. Lunge, L. W. Winkler, and 
V. Puliard. Nitrous arid does not give the roloralion in (he presence of an excess 
of couceutrated sulphuric acid. Aq. soln. of nitriti^s nearly always contain 
some nitrate, and con'irqurnlly nitrites may appear to give the coloration. 
Nitrous arid in the prf‘senep of nitrates ran be d<‘Stroycd by treatment with dil. 
Bulpkuric acid and a concentrated solution of urea , or by boiling an alkaline 
soln. of amniuniunj nitrite with ammonium chlorirle- in both cahcs a truce of 
the rdtrous acid is also converted into nitric acid. Chlorates react like the nitrates 
in the brucine tost. A whole scries of organic coinpouiuls give colour relictions 
with the nilritos or nitrates, and the intensity of the coloration is often pro- 
portional to the amount of, say, nitrite in a known vol. of soln., so that if the rolour 
18 inatihed in a colorimeter with a mixture containing a known amount of the 
inirite, siniilarly treated, an estimate of the amount of nitrite in the given soln. 
iMu be made. For example, P. Rricss showed that m-phenylenedianiixia gives a 
brown coloration with the nitritifl — ^the equivalent of one part of nitrite in 10, (XX), 000 
parts of soln. gives a perceptible yellow colour. According to A. Longi, one part 
of nitric acid in 1,500,0(K) parts of water can be thus recognized. Other oxidizing 
agents like chloric acid, seleuic acid, ferric chloride, chromic arid, vunadic arid, 
hypiirbloriles, hydrogen dioxide, etc., may give a similar coloration. The reaction 
was studied by E. M. Harvey. 

L. I. de Nagy lloava found that a mixed soln. of sulphanllls leld and a-naphthylamlne 
givua a pink colnratiDii when one part of nilnte ib prenont in 1,000,000,000 parte ul sulii. 

Kinglor observed that a nuxiurc' of naphthlonlc add ^ith a lilt In cone, hydrochlorit acid 
mvoa an inluiiao rose isoloraiion with nitrite eoln. to which 20-30 drojis of aminoiua have 
boon added — one gram ui 10,000,000 r.c, can be so dotortod H. Spn*iigi'l showed that 
when a few cubio oontimotros of phenol dissulvod in cone Bulpliiirie arid aro ponrrii over 
the dry mixture containing a nitrate, und after standing a inomoiit, wator is acldeil, and 
the nurture is made al^lme with potassium (sodium, or arnmoiiiiini) liydmxnlr, a yt'lJow 
Kilour duo to the formation of tripotassium nitrophenol-disulplionate— ilevelops if a 
nitrate be prosont. E. C. WondrufT found a dil. mixture of 2 drops of dlmsthylanlline 
and 0-2 grm, of p-toludine in Ip e.c. of siilphune acid givo'< a bloud-rccl rolour witli a 
uiirate in tho presenee of rhlorates, bromates, or iodatos ; with clilural ph it gives a strung 
bro^TO colour, One drop of a 6 per rent. soln. of potassium iiitiulr in ton dro|M3 of the soln 
of dimethylaniline gives an interifM* crimson in a few nioiiiont.H, and with one drop of u 
b'OOl por cent. soln. under similar conditions, a piile yellow. A. Tmglo Jms shown that 
the foUowii^ test for nitrates is not allocled by tho presence of holidos. Wlion a soln. of 
tUb nitrate is warmed with a 7 per cent, sulphuric imicl soln of saUcyllc add, nitrosalicyhc 
^'id IB fonned, and when the soln. is made allvulini), a yellow or orange colour is pi oducnl. 
A. JoriHsen, and A. Vogel found that fudhslne w rolimrod violet, blue, green, and tinally 
yellow by nitrous aoid ; J. von Liebig, C. F. SohUnbom, H, TrominadurfI, and 11. Stiuve 
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noted that Indigo soln. is docolorizod by nitrous acid ; C. F. SohOnboia, and M. Bosen* 
fdd, pyrognilol is colomed brown ; raMrcln, by A. NovoUi, £. Barbet and E. Jaadrisrp 
and G. Benighi ; and P. Giiesa, diunldobenzolo add is coloured yeUow, orango-ted, or 
brown. Colour reactiouB with 1 : S-toluylene-dlamliie, by P. Grioas ; Indoh by 0. Bujwid, 
andL. Spiogel; phenol, by O.P.Plugge ; dlphaiyUinine,byE.Kopp.andP. Boltdenj anillno 
inlphate, by T. AL Chatard, and G. Boiug&e ; aniline phosphate, by P. Faloiola ; p^amiihH 
huuoluodlmethyUniline. by R. Meldolo; dlphenyl-CHtoluldine, by C. Hauesermann and 
R. Bauer; aminoniacal boln. o! ooohlneali by C. F. Sohbnbeifi; antipyilne, by 
M. G Scliuyten ; gnaiaeol, by L. Rpiogel ; oio. 

The OQOfltitation ol nitrons add and the nitrites.— The formula HNO2 has 
been confirmed by analyses of the salts ; by the piccirical conductivity of the sodium 
salt ; and by the cilect of tho acid on the f.p, of water. J. W. Briihl ^ considered 
that the refraction and dispersion of thp aq. soln. corresponded with tho presence 
of the hydiatc HNOo-lLO, or of orthonitrous acid, N(0H)3 ; the ordinary acid is 
then metanitrous acid, and the ordinary salts metamlrites. Salts arc known corre- 
sponding with a theoretical pyrouitroos acid, NuOlOH)!, obtained by the coudenHU' 
lion of two iddIs of orthonitrous acid aceoiiipanied by the loss of a mol of wat<T. 
There is some difference of opinion which of the formulso Og=N— H ; ()2N— 11 ; or 
0 =N— OH represents nitroiis and The last formula is generally accepted on 
the assumption that (i) the and probably contains a hydroxyl group ; and (li) the 
nitrogen atom is tervalent. The fir^^t two formuhe are representative of formul.o 
m w'hich the hydrogen atom is directly united to the nitrogen atom ; and m the 
other tyjjc of formula, an oxvgen atom intervenes ; the former was suggested by 
R. Giinsbf'Tg to explain tbe fact that silver nitrite, when gradually heated, forms 
nitric oxide with the siinulUm ous foTinatien of metallic silver and silver nitrati^ , 
while if it be strongly heated, nitnc peroxide and the metal are nlono formed ; 
hcncc, he argued that silver nitnte has the formula Ag-NU.j where the silver 
atom is direetly united to the metal. It is supposed that when silver nitrile h 
decomposed at a high trnipeialure ■ AgNO^-^Ag | NOo, and that at the low temp , 
the secondary reacUnns Ag^-2N02-^AgN03~!-N0, and also AgNOo-f-NOj 
"^AgNOs+NO, occur. The test on .silver nitrile with ]>hosphorus oxychloride for 
hydroxyl groups fails because no nitrogen oxychloride can be detected among the 
])roduris of tin* reaction, and, even if such were formed, it is probiible, as A. Exiier 
has ohserved, that it would be deroinpnsed by siher nitrite, A. von Bayer and 
V. Villigcr suppose that nitrous acid can unite with water or alcohcd, forming 
addition compounus of the type : 

/Oiyii 

“ ' U i 

The unstable addition compound readily breaks down into ethyl nitrite and water : 
siniiiarly, during Ihe^ sapomiicalion of ethyl nitrite by dil. sulphuric acid, 
HO.SO2OH, A. von Bayer and V. Villiger suppose that 

,O.SO,OH 

0=N— OCjHB+HO.SO,Oir^O-^Nr^ 0CtH5^-%H,0H+0=--N-O.S0,0H 



and that the nitrosulphonic acid, 0 —N— O.8O2OH, passes into the tautomeric 
form, 0 =N 0 — O.BO^OII. The fact that ethyl nitrite reacts with hydrogen dioxide, 
iormiu^ nitric acid and alcohol, while mtrous add and ethyl petuxide, C2II&O.OH, 
give ethyl nitrate and water shows that the addition products in the two cases are 
not the same ; the hydrogen dioxide does not break into the two hydroxyl groups, 
but behaves like sulphuric acid, 1I.0,R020H as if it were H.O.OH, and similarly 
with ethyl peroxide, so that the addition compounds are respectively : 
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.OC,H, yO.OCA 

0=N-00H 0=N^0H 

Tliia hypothcBia expluins veiy well Iho curiouB behaviour of the nitrites on the 
assumption that the molecule is 0 =-N— OH. V. Meyer^s experiments showed that 
when ethyl iodidoi C2SH5I, acts upon silver nitrite, both ethyl nitrUe, U2H5O.NO, 
bulling at 18 °, and nitroelhane, ( 2U5NO2, boiling at 1 H°, are formed. The fact 
that the reduction of ethyl nitrite with hydrogen sulphide, or with zinc and hydro- 
rhlurio acid, produces ethyl alcohol, C2HgOH, and ammonia, is taken to mean that 
the ethyl group, C2Hg, is not directly united to the nitrogen atom ; otherwise, 
said A. Ueutlier, th(‘ ethylradiele would stirk to the nitrogen atom, and the reduction 
would give cthylainiiie, C2H5NII2. On the other hand, it can also be argued that 
because methyl iodide, CII2I, yicdds only mtroinethane, CH2NO2, while the higher 
alkyl iodides give larger and larger propositions of alkyl nitrites, and are additively 
uasucintod wilh the nitrous acid, forming alkyl nitrites, the formula for the nitrites 
]M firohnbly 11 The forniatiun of iho ulkyl nitrites in these reacLions may he 

coriMilored as a seeondary effc'ct. The nilroparallins are less stable than the 
alkyl nilritea wlien heated ; and more stable 111 the presence of water. The fact 
1h.it '^^hile silver nitrite in soln. forms metallic silver and nitric acid, silver mtrat€ 
h ipiile unaflerled, is taken by E Divers to mean that while hydiogen can separate 
silver from oxyg(m, it cannot sejiarate it from nitrogen, and that in the nitrites 
hImt must arcurdingly be directly united with hydrogen, H.N : O2, and in the 
lulral'ft with ox3'gen, FIO NO_, V. von Riehter favoured the same hypothesis. 
V V I’.iy and P. Ni ogi haw abo shown that nitrites of potassium, sodium, barium, 
i)i rail linn with ethvl alcohol and sulphuric acid give ethyl nitrite, O2HsO.NO, and 
iniMM lhaiie, FMI , NU^. With the alkali salts traces of fntrobutane, C^lly-NOj, are 
al.o iiiriniMl. This i.s tnkr'ii to mean that the metal nitrites have both a nitronic 
or iniidic stracture, H.N : O 2 , and a hydrozylic structure, MO JI : 0. that is, 
the salts are desmotropic. K. Hast lug found that when nitrous acid, or rather 
budiiim intnte, is lednred by stannous chloride, about 90 per cent furnishes nitrous 
oxide, and 10 pei cent, hypoiiitrous acid and hydroxylamine ; the mlritc soln. 
contain^ 


Na— N N=0 

about lU per rent, of the former, and [K) per cent, of tho latter. II. Burgaith, 
U. Kemy, and 11. lluubtuck discuseed the eleclroulc structure. 
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§ 88. The Nitrites 

The occiirrriicc of nrnmnninm nitrite, NH4NO2 ; and its formation during tlio 
comhnetion of many subslancrs in air ; duriTig flip pvaj)oratioii of ^ViitPr ; by iLc 
oxidation of ammonia in air in the prreoiire of a I'atalytic agi^nt ; by plrrtrical 
discharges in moist air ; by oxidizing ammonia with hydrogen dioxide or ]H)tassiun) 
pennanganato ; and during the decay of organic sulistanees in air, have Ix^eu 
previously discussed. J. ,1. Berzelius ^ prejiarcd ammonium nitrite by treating 
lead nitrite with ammouiiirn Bul})hate, or silver nitrite witli ammuniuni rlib^riile, 
M. Bcrtbelot used barium nitrite and ammonium suljdiate , anil he also obtained 
it from ammonia, nitric oxide, and oxygen. P. Neogi and B. B. Ailliicarv obtaiiieil 
ammonium nitrite in fairly large quantities by evaporating and subliming in \aciio 
a very cone. sola, of a mixture of ammonium chloride and sodium or potassium 
nitrite. N. A. K. Millon obtained ammonium nitrite, mixed Tvntli the nitrate, by 
passing the gases obtained in the thermal deeomposition of lead nitrate into aq. 
ammonia. The filtrate in all these cases can be evaporated in vacuo over quiik- 
limc. 0. L. Erdmann, and S. F. L. Roreiiseu have discussed the preparution of 
this salt. 

ill their proresA, tho mixture of nitrogoii ox h'b evolvorl dining tlie aciion of arbciiio 
tnuxide on nitric acid is pasiod rnor conrbcly powdered nininuijium eaTbiuinio kept cool 
by ina. Tlie half liquid iiioss is treated \iith aleuhol, the uiiuhangod carlionale liUeiiid 
oif, and tho ammonium mtrile precipitated hy tlio odditiun of ethor. Mho iiitnto bo 
obtained is of 90 94 per rinb. purity, and may be puidiod hy re-Holiitjou in Of) pi'r cent, 
alcohfil and reprecipitntion with ether. 

Ammonium nitrite furnishes white, needle-like crystals wliich are very deli- 
quescent. M. Berthelot said that the aq. soln. has a neutral reaction ; and he gave 
for the heat of formation, (2N,4II,2t)) - 04-8 Hals. ; and J. Thomson, (N2,2IIi»0) 
=- —71 *77 Cals. P. C. Bay and co-workers found that ammonium nitrite gradually 
changes into nitrate; even during the process of crj'stallizing the aq. sulu., traces 
of the nitrate are formed, and this the more the higher the temp. According to 
M. Berthelot, the solid salt decomposes very slowly in winter, and rapidly in 
summer : NH4NO2— N2+2H2O, and it cannot therefore be preserved in a sealed 
glass tube ; S. F. L. Sorensen said that the purified dry salt can be safely kept in 
an atm. of hydrogen, and in the presence of ammonium carbonate and calcium 
oxide. It is best kept and trausportod under dry ether, free from alcohol. 
M. Berthelot observed that when the solid is heated on a water-bath, ii appears 
quiescent for a few moments, and then detonates violently ; it also detonates by 
percussion. If gradually licated on platinum foil, it volatilizes very quickly; 
and if placed on a hot foil, it bums with a pale flame. Although when heated in 
ihe ordinary way, the salt decomposes into nitrogen and water, there is a side 
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reaction, for, as noted hj Lord Bayleigh and W. BamRay, Bomo ammonia is fonned, 
presumably : 3NH4N02=NH4N08+2N0+2NIl3+Il2b ; and the nitrate yielda 
nitrous oxide as indica^ by J. J. Bciaelius. T. C. Bay and co-workers notiood 
that when heated under reduced press., the salt begins to sublime at about 32°-33”, 
and the temp, can be safely raified to 60° without the substance undergoing de- 
roinposition. The sublimate appears as a transparent, compact mass of crystals. 
Tliey found that the sublimed salt is quite colourless, and absolutely devoid of 
the green tint. It is less hygroscopic, and far less liable to decomposition than ths 
ordinary salt. When kept open in a desiccator the sublimed substance docs not 
rhange, even after the lapse of five or six days, but slowly diminislies in weight 
{rom day to day. When kiqit, however, in a vacuum sealed tube, the salt can be 
preserved for any length of time. The crystals in the vacuum tube can be made 
to pass from one part to another by the application of gentle heat. Tlic pure salt 
can be rrsublimed in a vacuum without any decomposition or residue of ammonium 
nitrate, provided the temp, of the bulb does not exceed 60°. Ammonium nitrate 
under similar conditions does not vaporize or dreompose. This difference in 
property has been utilized in completely separating ammonium iiitritr from the 
nitrate, with which it is often more or less admixed. Although there is a little 
deennipusition, the vap. density can be determined, and it yields 32-G-3r)-0 when 
Ihe tlieoTi'tii'ul value is 32*0. 

M. Bertliidot reported that the cone. aq. soln. deeoin])Oiies more rapidly than 
the hiilid, Dud when shaken froths like champagne ; and .}. J. Berzelius said that 
the dll. aq. soln. decomposeii at 60'^ into nitrogen and water so that the liquid 
retains its neutrality. The salt is readily soluble in water, and, added 
S. P. L. iSorensen, with the development of heat ,* it is readily but slowly dissolved 
by n!(‘oln)l, and is precii>itated from this soln. by ether, chloroform, or ethyl acetate. 
Till* cone. aq. aoln. decomposes explosively like the solid when heated to 60°-70°, 
aud with an acidified soln., the decoinpo.sition Romelimes oceurs at ordinary temp. 

A B. Millon found that the decomposition is slow or fast according as the soln. 
IS dlkahno or acid. A single drop of ammonia added to the maitral soln. is sufficient 
to lender the decomposition gradual, while a single drop of Jiydrochloric, nitric, or 
sulphuiie acid causes it to take jilace suddenly. K. Arndt said that soln. of 
ninraoniuiii nitrite, prepared from silver nitrite and ammonium chloride, become 
alkaline after a certain time owing to the fonnaiioii of ammonia ; but V. IJ. Veley 
denied this. K. Anidt found that the addition of anuuonia retards tin: dccom- 
liOftil/ioii, and V. 11. Veley, that the decomposition is retarded or stoppl'd by oxirles, 
like calcium oxide, wliieh liberate ammonia in the soln. It is also retarded by 
sli)>Iiatie or aromatic amines, by hydrazines, and to a less degree by amines. The 
(lecniu])osition is accelerated temporarily by the aliphatic amides, hut not by other 
amides ; it is also aerelerated by benzoic Bul])hiiuide. £. Bohlig showed that 
very dil. soln. may be evaporated on the water bath without decomposition ; and 
A. Schuyen added that a soln. with one hundred-thousandth part of salt can be 
half distilled without the salt docomposiiig ; a soln. with cue five-hundredth part 
of salt when half distilled has 8*6 per cent, in the distillate and 82 pci cent, in the 
li'Uirt, and 9-4: per ctmt. has decomposed. 0. Low found that the presence of 
])latinuni-b1aRk causes the dil. aq. soln. to decompose at ordinary temp.— a trace 
of nitric oxide is formed in the early stages of the decomposition. F. E. Brown 
measured the equibbrium juess. V. H. Veley said that the addition of finely- 
powdered barium sulphate temporarily favours the evolution of gas. A. Angeli 
and 6. Boeris said that the addition of salts with a common ion— say, sodium 
nitrite or ammonium chloride — accelerates the evolution of nitrogen, and hence 
inferred that the stability of very dil. soln. on the assuuqdion that the salt is all 
ionized ; but B. Wegseheidor said that the inference might also be made that the 
reaction takes place between the two ions ; NH' 4 -f N 0 ' 2 = 2 H 20 -hN 2 . 
A. A. Blanchard working with this h]^the8is found that the only agents which 
accelerate decomposition are hydrogen ions and free nitrous acid. The presence 
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of thr* arid involyrs a secondary reaction, in which nitric oxide is liberated, but 
the primary decomposition of nitrite is foimd to be independent of this. The gas 
evolved in the decomposition of the nitrite rontaiiis no nitrous oxide. The rate 
of decomposition is proportional to the concentration of NU ’4 and NO' 3 , but it is 
probable that two indcpcudimt processes go on simultaneously, each resulting in 
the liberation of nitrogen. V. H. Veley found that the start of the decomposition 
is very slow, owing, jiresumably, to the retention in the soln. of nitrogen gas ; the 
reaction then rapidly increases to a maximum and afterwards decreases in accord 
with the unimolecubir law log {n/(rt — whether the reaction follows its normal 
course, or is aceoleratcd by the addition of another sulistance. W. Biltz and 
W. (jnhl showed that the loartion, apparently unimolecular in the presence of other 
suits, may be biinolecular witli a solu. of ammonium nitrite alone ; and they add that 
llie change takes place between ammonium nitrite and the nitrous acid produced by 
the hydrolysis of the salt. P. C, Ray and 8 . (\ Mukherjee observed that with dilu- 
tions 18-0 and 2 tf -0 litres the degree of ionization of the salt is 0-91 and 0’81 respec- 
tively ; and P. (*. Ray and N. R. Dhar found the cq, conductivities of the solo, at 
dilutions m=-2u- 7, (jl?-l, J8ti'3, and .ud-y litres, are reapectively 96*72, 104*54, 107*09, 
and 110*92, and the value at infinite dilutions is 120-3 at 20 °. T. <1. Felouzo ex- 
amined th^ action of sulphuric at'id on ammonium nitrite. N. R. Dhar sliowed that 
cop])er, zinc, etc., dissolve copiously in a soln. of ammonium nitrite, or in a soln. of 
a soluble nitrite and an aniinouium salt, and that the result is not due as K. A. Hof- 
mann and (j. Buhk supjioscd to the hydrolysis of the nitrite and the formation of free 
nitrous acid, because the metal is attacked even in the presence of urea which 
destroys the nitrous acid, and soln. of nitrite which are hydrolyzed — c.g, zinc, nitrite 
— do not attack copper. The action is attributed to the instability of ammonium 
nitrite and its ready decomposilion into nitrous oxide and water. D. Berthelot 
and H. Gaudechon said tlial a soln. of ammonium nitrite is decomposed when 
exposed to ultra-violet light, and that nitrogen is in consequence evolved. 
M. Holmes was unable to i-oiifirm this. The very slight difference in the results 
with soln. exposed to ultra-violet light and kept in darkness for 9 hrs. is fully 
explained as }iurely tlienual effects. P. C. Ray and J. N. Uakshit described a 
number of alkylaininonium nitrites. 

According to (J. Paal, hydroxylamine nitrite is formed in aq. soln. when a 
2 pp^ cent, aq. solu. of bydioxylamine chloride is treated with silver iiitriti^ at 0 °. 
No evolution of ga.s occurs. It will be observed that hyrlroxylaininc nitrile, 
NHgOI^NOz), and aiumonium mtrate, NH 4 NO 3 , are isomeric. A. P. Sabaneeff 
and co-workoTS observed a number nf analogous cases. When hydrazine is treated 
with nitrous acid, 1\ Curtius showed that the nitrit/c primarily formed decomposes : 
N 2 H 4 -fIINOo- N 3 II+ 2 H 2 O — vidf hydrazoic acid. According to A. W. Browne 
and 0. R. Overman, potassium mirite oxidizi-s hydrazine sul]»hatD in sulphuric acid 
with the formation, under comparable conditions, of larger yields of azoiiimlc and 
of much smaller yields of ammonia than are obtained by the action of liydrogen 
pcT oxide on hydrazine sulphate. B. B. T)cy and 11. K. Sen found that solu. of the 
metal nitriles react vigorously with hydrazine sulphate, even at 0 °, evolving 2 vols. 
of nitrous oxide and one vol. of nitrogen ; this agrees neither with the assumed 
existence of hydrazine munuuitritc nor dinitrite. F.Soiumer pointed out that the 
failure of B. B. Ihy and H. K. Sen to prepare hydrazine nitrite from barium nitrito 
and hydrazine sulphate is due to the normal sulphali* usually containing some 
disulphale as impurity, and it then behaves as an acid salt. Normal hydnuine 
oitcitop N 2 I 15 N 02 , was obtaiued by mixing solutions of barium nitrite and neutral 
hydrazine sulphate, stirring to convert the thick, gelatinous barium sulphate into 
the crystalline form, and filtering by means of a vacuum. The stable solution 
is then cvayioratod in a vacuum over phosphoric oxide. The oil thus obtained 
does not crysialliz<' spoiitancuusly, but doe.s so on inoculating with a small quantity 
of solid obtained by extracting a portion with methyl alcohol, partly precipitating 
with ether, and cooling in ether and solid carbon dioxide. The solid salt is almost 
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white, but becomes yellow on fusion. It is hygroscojiic, and dissolves readily in 
alcohol, but not in ether, and may be obtained from a mixture of these in largo, 
probably monoclinic, prisms. It explodes violently with a blow, less vigorously 
if rapidly heated. Hydrazine nitrite decomposes according to the equation 
N2HBN0a=NH3-f-N20+H20, and this decomposition is very greatly accelerated 
by nitrous acid. The preparation of hydrazine dinitrite, N2H0(NO2)2, in aq, 
soln., is thus iinpossible, as the weakly basic character of hydrazine would cause 
the salt to bo so far hydrolyzed that much nibrous acid would be present in the 
solution. If hydrazine disulphuto and barium nitrite react iogethrr, the products 
are ammonium nitrite and nitroms oxide. The decomposition of hydrazine 
nitrile is thus due to the action of nibrouH acid on the imdissociated compound, 
and is aiitocatalytic. The secondary reaction, the formation of hydrazoic acid 
from hydrazine and nitrous acid, is due to the action of nitrous acid on th(^ Nolls 

lOU. 

Methods for the prejiaraliou of the alkali nitrites have been indicaled in coii- 
nnetion with nitrous acid. J. J. Berzelius,^ E. Mitscherlich, N. W. Fischer, and 
d. Ijang rlescribed the preparation ol potassium nitrile, KN02» or of sodium nitrite, 
NaN02, by keeping the nitrates in a state of fusion for some time alone, or mixed 
wnth If'ail (W. Hampe, 8. Fehlhaus, and A. Stromeyer). The process was discussed 
liY A. Lotierinoser, and E. W. Albrecht. According to J. Milbauer, the reduction 
ill sodium nitrate to nitrite is bist nllected by heating the salt with an excess of 
10 pi‘r rent, of granulated lead. The reaction eomnumcL's at the m.p. of the nitrate, 
and, after 2 hrs. at 420 , I'lmipletc* reduction is obtained, but less lead than the 
theoretical amount is oxidized owing to a certain proportion of the salt being 
ilecomposiMl thermally with the evolution of oxygen. Other reducing agents can 
lie employed— c.y. iron (0. L. Erdmann, and Bal/er and Uo.) ; copper (J. Persnz) ; 
ferrous oxide (Cheniihche Fabrik Oriiuau) ; manganous, chromic, or arsenious oxide 
in the presence of free alkalies or alkaline earths (0. Huggenberg) ; sulphur 
(L. G. Paul) ; suljihur or [lyritcs (Uheniische Fabrik Leopoldshall) ; calcium 
sid|ihido (J. Grossmanii); liarium sulphide (G. A. le Roy, and Y. Okac); zinc 
hliuide (L. Pjlsbach and B. Pollini) ; galena (U. N. Warren, and M. Bart^^h and 
M. Ilarmsen) ; anhydrous sulphites (Cliemische Fabrik Gianau, and A. £tard) ; 
carbon (A. Knop) ; calcium carbide (E. Jacobsen) ; starch (R. Warington). 
G. Taechmi compared the results by using inangaiicsc dioxide, ferric oxide, barium 
oxide, cobalt oxide, nickel oxide, reriiim dioxide, and thorium dioxide, and obtained 
thi' best results by heating the sodium nitrate with 25 per cent, of barium oxide nr 
manganese dioxide at 550”. Molten alkali uitrato was also reduced to nitrite by 
exjiosure lo carbon inoiioxido (M. Goldschmidt); or producer gas (G. de Bechi 
and A. Thibault) or hydrogen (E. T. Chapman). A. Muller n*dueed an aq. boln. 
of .sodium nitrate by elccirolysis with an amalgamated copper cathode ; C. Stald- 
Bchmidt reduced an aq. soln. of potassium nitrate with zinc. J. L. Gay Lussac, 
and J. Fritzscho passed nitrogen trioxide or peroxide gases into alkali-lye. E. Divers 
recommended this process, and said that it is a mistake to supjioae that the soln. 
contains much nitrate. It can be made with so little nitrate that the impurity 
can scarcely be detected. 

Avoiding, so far os prooticablo, the uao of rork and caoulchouij, nitrous gosns, from 
nitric acid aud starch or arHOiiious oxide, me poswd into the eoncenf rated soln. of tho 
hydronda or carbiinate luitil tho alkali is quite nentrslizod. Sodium earbo^te alone is 
somewhat inconvoninnt, because of its sparing solubility, but this may bo cirruinventod 
by adding it, finely divided and in siilTlciont quantity, to its own aaturatod spin., just beforo 
IHiRsing tho gases and by often shaking the veasel during their absor|)iiuii. To pre\ont 
froe acews of air, the nitrite is prepared in a flask willi its laoulh kept lonsely rlospil wliile 
tJiJ gaA(« are passing; it is not neri'ssary to cool tho flask. 'J’ho strongtU of tlw^ nitric 
Sl id and tho toinperuture of the goiiorator of the nitrous giisos iniwt bo rogulatod t hat just 
a little mtrio oaudo is in excess of tho nitric peroxido, and thorofore is pushing uiiabsorl)i.Hi, 
^ a guanuitee that the latter does not act on tho soln. in ubsenoo of its oquivalont of 
the former and thus produce some nitrate. To free tho gases from vuinljlized nitric hi id, 
they may be passed through a bottle or tube, either empty or packed loosely with cotton 
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Th» filled aoln. must be almost neutral, and if add must be boiled until neutral, 
before exposing it to the air. A cone. eoln. of alkali nitrite dissolvDS a little niinma add 
without aeoomposing it, as water alone would. To obtain the salt in the aolid state or to 
oiystallize out the sodium nitrite whore it is necessaiy to be sure of absence of all nitrate 
in it, the soln. may bo freoly e\'Bporated, even at boilmg heat, without decomposing or 
oxidizing it. 

The production of the nitrites by the arc process of nitrogen fixation has been 
previously discussed. H. K. Benson made sodium nitrite from the gases obtained 
in the arc process of nitrogen fixation ; and the Nitrum Aktien-Gescllchaft, from the 
gases obtained in the oxidation of ammonia. G. A. le Roy prepared alkali nitrite by 
the action of nitric oxide on barium dioxide followed by treatment with an alkali 
salt. H. N. Warren obtained the nitrite synthetically by passing a mixture of 
ammonia and oxygen over platinized asbestos and then into alkali-lye. J, J. Berze- 
lius, and J. Lang treated barium or lead nitrite with potassium carbonate, or silver 
nitrite with pot^ium chloride ; H. Schwarz saponified amyl nitnte with alcoholic 
potash. J. Lang obtained littiiam nitrite, L1NO2, by the action of lithium chloride 
on silver nitrite ; and F. Vogel, and W. C. Ball and H. H. Abram, by the action of 
lithium sulphate on barium nitrite. 

The sodium salt was analyzed by C. H. Hess, J. Lang, W. Hampe, M. Oswald, 
and E. Divers, and it is anhydrous ; but J. Lang, and W. Ilampe found tlic magma 
of crystals of potassium nitrite dried in vacuo to be hemihydratod potasrium 
mtnte, KNO3.JH2O. E. Divers, M. Oswald, and P. C. Raj% however, found the 
air-dried salt to lose about one per cent, in weight by fusion, and lienee mfi^rred 
that this salt, too, is anhydrous. J. Lang, and F. Vogel say that hemihydratod 
lithium nitrite, L1NO2.JU2O. is formed when the Ball is dried in a current of ilry 
hydrogen. M. Oswald obtained this salt and a1«<o monohydiated lithium nitrite, 
LiN02.H20 ; the transition temp, is 4!) , and the conditions of eq^uililirium are 
illustrated by Fig 77. F. C. Ray, and W P. Ball and II. II. Abram found tliat it 
crystalhzes as the motwhydrak, LiN02.U20, in white, flat, needle-shaped crystals 
from its aq. soln. All the alkali nitrites can be dehydrated in vacuo, over phos- 
phorus pentoxide, without undergoing di composition. 

All these alkali nitrites furnish crystalline masses. E. Divers said that sodium 
and potassium nitrites are a faint yellow colour, and give yellow soln with water. 
W. C. Ball and II. H. Abram, and M. Oswald said that the lithium salt is white. 
The lithium and sodium salts are deliquescent, and the potassium salt is very much 

so. Potassium nitrite furnishes small, thick, ]>rismatic crystals, and sodium 

nitrite often gives largi' flat prisms, which, acconJing to A. belong to the 
rhombic system, and have the axial ratios a:h: : 1 : 0*9670, M. Oswald 

gave 1*912 at 0°/0® for the sp. gr. of polassiura nitrite wliich has been fused ; 2'16H 
at 070^^ for the sodium salt ; and 1*615 at 070" lor monohydiated lilhinm nitrite. 
The sp. gr. of a soln. of potassium nitrate with 10 j»er rent, of salt is 1*049 ; with 
30 per cent., 1*208 ; with 50 per cent., 1*377 ; and with 70 per cent., 1*599. 
J. G. Bogusky said the change in the sp. gr. of a soln. with oono. can be represented 
by a straight line being at 19*23715^*237 for 2*63, 20*11, and 48*89 per cent. soln. 
respcotively 1-0174, 1-1401, and 1*3151. A sat. soln. of the potassium salt has a 

sp. gr. 1*6464 at 17*57 it cunUins 74-5 per cent, of salt, and its b.p. is 132'' at 756*5 
mm. ; that of the sodium salt has a sp.gr. 1*3585 at 20^, it contains 45-8 per cent, 
of salt, and its b.p. is 126° at 761-5 mm. ; and that of the lithium salt has a sp. gr. 
1-3186 at 19°, and it contains 48*9 per cent, of anhydrous salt. F. Rchbinder 
found at 20°, the surface energy, a ergs per sq. cm., and the sp. gr , D, at 207^'’» 
soln. with p per cent., of water ; 


p 

. 2i<6 

342 

600 

70*0 

80*0 

100-0 

D . 

. 1635 

1-630 

1*301 

MD2 

MU 

0*9082 

a 

. 05*0 

8f»*0 

81*7 

77*4 

700 

72*75 


F. W. Bridgman found that potasaum nitrite exhibited a polymorphic transition 
at the following pri'ss.^ p kgrzns. per sq. cm.| and temp. ; and it alao exhibited the 
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change in vol.^ fit? c.c. per gram ; thie effect of press, on the transition temp., 
JOjdp ; the latent heat of the transformation, L kgrm.-mcties per gram ; and the 
change of energy, kgrm, m. per gram ; 


V 

5000 

6000 

7000 

8000 

9000 

0500 

10,000 

0 

. -3-0° 

14-0° 

31-4° 

50-8° 

74-4° 

89-4® 

109-3° 

• 

0-0312 

0-0327 

0-0341 

0-0356 

0-0369 

0 0376 

0-0383 

aOdp • 

0-0160 

0-0171 

0-0182 

0-0212 

0-2274 

0-0343 

0-0472 

H 

. 4-00 

5-40 

6-71 

512 

4-58 

3-07 

3-10 

h: 

3-13 

3 53 

3-32 

2 58 

1-3G 

0-40 

-0-73 


K. and W. T. GanglnJI found the m.p. of the sodium salt to be 271“; 

i\ Malignon and G. Marclial, 270-9“ ; M. Oswald gave 217“ for this salt ; 297-5“ for 
llic potassium salt; and 97° for the himiihydrated. lithium salt. According to 
y C. Ray, when potassium nitrite is heated the first stage of the decomposition 
involves two concurrent reactions: SKNOg— K2O+KNO3-I-2NO ; and 4KNO2 
' K20+2KN03^ NO-lN. Aftcrwanls, nitric oxidp, oxygen, and nitrogen are 
e\()lv(Ml, part of the nitric oxide and oxygen being absorbed by the alkali oxide 
wliiih is fonned : KoO 1 2N0 + 0=2KN02. As the temp, uses more oxygen ia 
-»\nlviMl, together with nitrie oxide, and nitrogen peroxide. P. C. Ray suggested 
til it ns a result of the purely tliermal ducoinpoMlion, a portion of the salts breaks up 
inlo the peroxide and nitric oxide, but as the former is uiHlable, especially under 
diniinished press, at flie temp, at which the scission takes place, it parts with its 
iiwgcji bf>tli to the nilric oxide and aK'o to the remaining jortion of the undecoin- 
]l0^ell ^alt 11) a slate nf fu'^iou, and that it is in this way that the internal oxidation 
.(till j( diiction areliroiiglit about. M. UM\dld found that the temp, of der omposilion 
,i1 lihuui (t-Ol mm. jiresa. is IH'f for anhyilrmis lithium nitrite; 320“ for sodium 
iiihde, and 3rjO“ for potassium nitrite. 0. Matignon and G. Marclial gave 
Krt-2 (\ils. ; and UXOjsuIm +N aOil5oiii.- NaNOj^oia.+HeO-l-lM 
Cals. ; ^NaNOgfroln +ll2S( V>iln SllNOosojn, t-9-2 Uals. ; and the heat 

of 'oln , (KaK()o,Aq.)--— 3 m 2 Cals. i\ Matignou and K. Moiinet gave for tlie heat 
of oxidation 2NaN02soiid \ 0jiifm--2NaNO^m,lui 1 loCals. Accnrduig to M. Rerthe- 
lot and ,1. OcuT, the lieat of the reaction {StOufi -lU-G Cals. 11, Heiberg 

finnul that tlie mol. depression of the f p. of soJium lulnii* is normal, and does not 
show the iiregulantieh recorded by M. CKswaltl. U Taninianu found the lowering 
of I hi* x’op. press, of v a ter at 100“ by the addition of 14'02, 11 0-03, and 229-01 grms. 
of jiolHssium nitrite ]»er JUO ginis. of water to be respectu cly 3li-9 mm., 241'1 mm., 
and liTUx) mill.; and with 3*02, 55-83, and 11 Ml grins, of soibuin nitrite per 
liK) griiip. of water, nspei lively 10-1 min.; 191-0 mm.; and 318-3 mm. 
J (t Roginky foiiiiJ the iii(h*x of refaction, fx, of solo, of sodium nitrite at 20“, 
and the I) hue, is /i- 1'33336H O-OOllfiJlluj, where denotes tlie per cent. NaNO^ 
m soil) K. Robl observed no lliiorescencc with the sail in ultra-violet light. 
M Ki Immaun gave fur the cq. conductivity, A, of sodiuin nitrite, one mol in v litres, 
at2‘) : 

I' . 32 64 128 256 512 1024 oo 

A . 102-0 10t*4 107*2 100-G 110-8 113 0 115 5 

Ro that.Aio24-a2“ ll'O. S. von Niementowsky and J. von Roszkowsky obtained 
higher values with probably a less purified sodium salt ; for potassium nitrite, 
they gave : 

V . 32 64 126 256 612 1024 2048 

* ■ U7-7 151-1 155-1 158-0 161-9 106-9 172-7 

P. C. Ray and N. R. Dhar also measured the electrical conductivities of soln. of 
potawiium and sodium nitrites, and they found for lithium nitrite, at 20° ; 

V ... 6 IS 64 162 486 « 

A . , , 70-32 76-00 91-52 100-00 102-05 93-7 

P- C, Ray and 8. C. Mukheijee found the degrees of ioni^tion of potassium nitrite 
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of dilations i;=16-0 and 36*0 litres to be respectively 0*86 and 0*91 ; and for 
sodium nitrite for o=l0'0 and 20*5 litres, respectively 0*67 and 0-91. F. H. Jeffrey 
found that the electrolysis of soln. of sodium nitrite with aluminium electrodes 
TCBiilted in the formation of aluminium hydroxide, and nitric oxide, while nitric 
acid was found in the anolyte. The primary product at the anode is probably 
aluminium nitrite which is hydrolyzed to nitrous acid and aluminium hydroxide ; 
and the nitrous acid then forms nitric oxide and nitric acid. 

J. ObemullcT measured the hygroscopicity of potassium nitrite. E. Divers 
said that at 15^^, potassium nitrite is soluble in about oiie-tliiid its weight of water ; 
and r) parls of sodium nitride require 6 parts of water for dissolution ; and J. Lang 
added that lithium nitrite is easily soluble in water. W. C. Ball and H. H. Abrum 
found that litliium nitrite melts below 100° in its water of crystallization ; it is 
dehydrated rapidly at and at the same time loses trares of nitrogen oxides. 
It is very soluble* in water, auil a sat. soln. at ordinary temp, contains 90 grms. of 
the monohydrate per 100 c.c. of soln. It is only sparingly soluble in absolute 
alcohol, whereas the potassium salt is fairly soluble. M. Oswald’s solubility curves 
are shown in Figs. 75-77. The icc-curve with potassium nitrite falls to the eutectic 



Fin. 75. — Soluhility Fi». 76 — Solubility Fio, 77. — Solubility 
C'urves of PotRSBiuzn Curves of Sodium Uun'^os ol Lithium 

Nitiite. Nitrite. Nitnte. 

at —31*6° witli 71*8 per cent. KNO^ ; and the solubility represented by the amount 
□f salt, S, dissolved by 100 parts of water, is : 

0" 10" 20" 40" 00" 80" 100" 120" 130" 

iS* . . 281 201 302 325 351 380 413 451 473 

ami for F’ between —30° and 130°, N=(0(KW-| 0066(K))/(2334-6fl). The ire-curvo 
with sodium nitrite has a eutectic at - 15*5 with 39*7 per rent, of NaNt) 2 ; but 
H. Heiberg showed thul the cut(*ctie is at —26° with 38 per cent, of sodium nitrite ; 
and the solubihty, S, is : 

0" 10" 20" 40" TO" 80^ 100" 120" 

S . .73 78 84 98*5 116 130 ICO 108-5 

The ice-curve with lithium nitrite has a euteelic ni —31*3'’ with 29*4 per cent, 
of LiN02. Tliere is a tranHition point at 49° and 60*6 per cent. LiN ()2 corre- 
sponding with the change : LiN02.n20^}H20+LiN02. jU20. The solubility, S, 
parts of the monohydrate in 100 parts of water, is : 

0" 10" 20" SO" 40" DO" 

S . . . 125 156 189 242 316 459 

J. Lang, and W. Hanipe said that in 90 per cent, alcohol, potassium nitrite forms 
an oily liquid ; it is insoluble in 94 per cent, alcohol ; and absolute alcohol pn*- 
cipitates the sail almost quantitulively from a cone. aq. soln. Bodium nitrite 
dissolves in warm 90 per cent, alcohol— it is scarcely soluble in 94 per cent, alcohol ; 
but absolute alcohol does not precipitate much salt from cone. aq. soln, C, A. L. do 
Bruyn found 0*31 gnn. of sodium nitrite dissolves in 100 grms. of absolute ethyl 
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alfsobol at 19*5'’. J. Lang said lithium nitrite is easily soluble in aleohol, 
E, 0. Franklin and C. A. Kraus found sodium nitrite is soluble in liquid ammonia. 

J. Lang said the aq. soln. of potassium, sodium, and lithium nitrite arc feebly 
alkaline ; W. Hani]^>e said ncuirsl. H. Ley found the soln of sodium nitrite, in 
water free from rarbon dioxide, is alkaline to litmus, and neutral to plienolphthalein ; 
r. Matignon and G. Marchal said that nitrous acid resembles nitric acid in its 
behaviour towards phenolphthalcin, cochineal, litmus, p-nitrophcnol, brazilin, 
snd iodocosin ; but decomposes others— e.y. helianthin ; and H. Friedenthal, and 
E. Salm found the neutral point of phenolphthalcin corresponds with 
hydrogen ions ; it follows that the cone, of the Oll'-ions in the soln. will approximate 
lO^^^iV^-soln. M. Oswald said that in cone. aq. soln., appreciable hydrolysis occurs 
at 100° : 3KNO24'H20=^2NO+2K0TI+KK0 s. J. Lang said that the aq. soln. 
of the alkali nitrites nimwJL langsnm in Lusungen Sauerstoff au/, but E. Divers has 
shown that tlin&p soln. can be safely evaporatc^d on a water-bath, even at the 
boiling temp., without decomposition or oxidation ; while F. C. Ray kept soln. 
evaporating spontaneonsly in flat dishes exposed to air between 25° and 30° for 
2 months without the formation of an ajqireciablc quantity of nitrate ; and 
0. Russworm kept a soln. with 0-048 grm. KNO^ per litre for a yeor without change. 

M. Oswald also detected no oxidation of the cone soln. by oxygim at atm. press. ; 
Ike aq. soln. nre oxidized only in the presence of acids, and this is rather due to the 
n\iila1ion of the deroinposition products— nitric oxide- derived from nitrous acid 
itsi'lf. C. 0. Palit and N. R. Dhar foimd that soln. of sodium nitrite arc oxidized 
by air in the jircsencc of ferrous hydroxide ; W. P. Jorissen and C. van den Pol 
observ(Ml that sodium sul])hite has no influence on the oxidation of soln. of sodiiini 
nil rite. W. Roinders and S. 1. Vies found that pure sodium nitrite is not oxidized 
by oxygen in neutral or alkaline soln., but in the presence of a small quantity of 
nilne or other acid, it is converted into sodium nitrate. It is assumed that the 
formation of nitric oxide is an intermediate stage in the oxidation ; the free nitrous 
i\t 111 is first oxidized to nitric oxide, nitrogen peroxide, and water ; this is followed 
by thr' oxidation of nitric oxide to nitrogen peroxide ; thih reacts with wat^^r to form 
uitrie oxide and nitric arid, which yields sodium nitrate and nitrons acid. Potassium 
nitrite behaves similarly. All strong acids produce the same effect, but the salts 
liiivp no catalytic influence. The accelerating influence of iron and aluminium 
i^alts is due to their hydrolysis. N. B. Dhar also said that the oxidation of soln. 
i>l sodium nitrite by atm. oxygen can be induced by the simultaneous oxidation of 
sorlium sulphite, stannous chlonde, the hydroxides of manganese and cobalt, 
acelic acid, aldehyde, benzaldehydo, etc., by air. R. C. Bancrji and N. R, Dhar 
found that the oxidation with iodine is sensitive to light. N. N. Mittra and 

N. R. Dhar observed that the oxidation of sodium sulphite by air is hastened by 
the simultaneous oxidation of sodium nitrite as a secondary reaction ; but 
W. P. Jorissen and C. van den Pol found that sodium sulphite does not induce the 
uxidation of sodium nitrite by air or oxygen under ordinary conditions. 
C. Uatignon and G. Marchal observed that an aq. soln. of sodium nitrite is not 
oxidized by prolonged contact with oxygen under a press, of 60-55 atm., even in 
the presence of a cata] 3 rst; but in an atm. of oxygen at 175 atm. and 39r)°-530° 
during [) hrs*, solid sodium nitrite is almost completely oxidized to nitrate — vide 
ntpra^ nitrous acid. T. L. Bailey found that the loss of nitrite when sodium nitrite 
is dissolved in sulphuric acid of varying cone., and the soln. treated with a cunent 
of air, is a maximum with acid of sp. gr. 1-0-1-47. For the action of sulphurous 
and arseniouB acids, vide the respective acids. H. Stamm measured the solubility 
of sodium nitrite in aq. ammonia. The dry nitrites are not attacked by nitric oxide, 
so long as the salt does not decompose. The salt is attacked by nitrogen peroxide : 
NaNOa-hNOa^NaNQj-fNO; and 2NaN02+N02=^2NaN0a+N. These re- 
actions can lake place when the nitrite is undergoing thermal decomposition when 
nitrogen peroxide is one of the products of the reaction. T. Curtius noted that 
ammonium chloride reacts with sodium nitrite, and when heated, nitrogen and 
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Bodium chloride are formed, presumably owing to the intermediate formation of 
amihonium nitrite. D. Tommasi said that if a crystal of ammonium chloride, 
sulphate, or nitrate be added to molliCn potassium nitrite, luminescEsnce occurs. 
J. W. van Gcuns found that a mixture of jjotassium nitrite and cyanide burns when 
i^ted, hut at 450° explodes violently. A. Angeli found that a mixture of sodium 
nitrite and thiocyanate detonates when heated— nitrnliydroxylamine is stated to 
be an intermediate product of the reaction. According to W. Traube, sodium 
nitrite swells up considerably when exposed to the action of sulphur trioxide, 
forming a colourless, crystalline mass of sodium nitrozyltrisolphonate, 
Na(S03)aN02, which is decomposed by water with the vigorous evolution of oxides 
of nitrogen. A. T. Lidoll observed that hyposulphurous at^id reacts with a solii. of 
potassium nitrite, forming a hydroxylamine (g.v.). Areording to A. Guttnanii, 
sodium thiosulphate does not act on a cold or boiling soln. of sodium nitrite ; a 
mixture of the two is explosive. Tn a sealed tube at llN)'', a mixture of sodium 
nitrite and calcium thiosulphate reads: 2N11NO2 l-SraS/)., f4HiiO =i2UaS03 
+Na2804+(NIl4)2S04. K. A. Hofmann and G. Buhk fminil that earhnn nionoxide 
is absorbed very slowly by a solii. of sodiuiu mlrit<\ A solii. of sodium nitrite in 
the presence of an ammonium salt and copper gives otT nitrous oxide. N. R. Dhar 
measured the solubility of ammonia ami of carbon dioxide soln. of potassium 
nitrite B. Suler studied the elertrn-rediietion of potassium nitrite soln. w'hereby 
ammonia and hydroxylamine are formed. 

K. IL Ruhinson found sndiuiu nitrite to be unsuitable as a fertilizer, particularly 
in acid soils, ouing to losses of nitrogen by decomposition. According to C. Mane 
and R. Marquis, nitrous acid is liberated from aq. srdn. of the alkali nitrites by 
carbon dioxide, so that a strip of potassium iodide-starch paj)er suspended over the 
liquid is coloured blue. 0. Baudisch foimd that the redaction of nilnte by 
potassium ferrueyunide and oxygen is seiwilhe to light. M. Gswald fomul that 
the presence of snrlium sulphate lowers the solubility of sodium nitrite enormously - 
at 16°, a sat. soln of tin* nitrite aloue has 81-0 jinr cent. NsiNOo, but u sat. soln. of 
both salts togothei has 11 *8 per rent, sodium Hiilphate, and bibb jht rent, of sodium 

iiitiite. The emves for the mutual solubility of 
sodium nitrite ami nitrate at diflerent temp, are 
shown in Fig. 78. The curve AB riqiresejilh a soln. 
with two solid phases in equilibrium. There is no 
evidence of the foiination of a double salt. 
E. B. Mailed found that wlien soln. of metallic 
sodium and sodium nitrite in liquid ammonia are 
mixed together yellow disodium nitrite, N^a2NU2» 
is formed. The same suhstanre is deposited on 
the cathode when a soln. of sodium nitrite in 
lierfec-tly aiihyilrous liquid ammonia is subjected to 
electrolysis. The substance is decomjiosed vigor- 
ously by water with the formation of sodium 
m’trite, sodium hydroxide, and hydrogen. By 
passing a current of moist nitrogen over the di- 
Bodium niirito, the aciion is moderated, anil the resulting soln. is found to be free 
from hydroxylamine and hjqionitrile. According to W. Peters, when copper iB 
warmed with a 5 per cent. aq. suln. of sodium nitrite at 60°, in tlie presence of 
carbon dioxide so as to exclude air, the gases contain nitrous and nitric oxides, 
and the soln. copper nitrate. Tho decomposition is chemical, not catalytic, and 
involves simultaneous oxidation and reduction. Lead, iron filings, and cobalt 
dissolve in the soln. without evolving gas, and, in the case of cobalt, sodium cobaltic 
nitrite is formed. F. E. Brown and J. E. Hiiyder observed no reaction with sodium 
nitrite and vanadium oKychloridc. W. W. Lewis and cu-workcrs discussed the 
use of sodium nitrite in the curing of meat. 

W. C. Ball and Tl. II. Abram prepared rabidium nitrite, RbNOg, from soln, 
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of rubidium chloride and silver nitrate ; or preferably, barium nitrate and rubidium 
sulphate because the reaction with silver nitrite is complete only when all that salt 
is in soln., and it is a sparingly soluble salt. The evaporation of the soln. gives 
a pale yellow, deliquescent, crystaUine mass* The salt retains only a little water 
at KK}^ Jt is very soluble in water, and sparingly soluble in hot absolute alcohol. 
G. B, Jamieson prejpared cssaum ]iitiite» CHNO2, as a pale yellow, hygroscopic, 
indistinctly ciyBtalline mass, from soln. of silver nitrite and caesium chloride, or 
better, according to W. C. Boll and H. H. Abram, from barium nitrite and caesium 
sulphate. 

Normal copper nitrite^ Cu(N 02 ) 2 i has not been definitely isolated in the solid 
sliiiti, but E. F/digot ^ claimed to have obtained it by ke^eping dihydrated cupric 
diamminonitritc for some days at 100^. J. J. BerzeUus obtained a green liquid by 
the action of copper sulphate on lead nitrite. The soln. oxidizes in air, or when 
varnied, forming copper nitrate. When prepared in aq. media, H. Bassett and 
li (I. D arrant showed that cupric nitrate undergoes complex changes, and at ordinary 
temp., nitric oxide is evolved. E. Divers and T. Haga found that the dark green 
liquid, obtained by the action of copper on a soln. of silver nitrate or by mixing 
snln. of copper sulphate and potassium nitrate, contains some hydroxylaminc. 
P. (\ Ray obtained a dark green soln. by the action of nitric acid on copper in excess ; 
and also by the action of copper sulphate on barium nitrite, or of silver nitrite on 
Kipper rbloridc. L. T. de Nagy Bosva obtained it by treating an ammoniacal soln. 
nf ci)p])pr nitrite with liydroxylamine chloride. W. Hampe said that the green 
hiJn, develups nitric oxide at ordinary temp., and P. C. Ray reported that a dil. 
holn. in air gradually forms the nitrate, and when cone, over sulphuric acid, under 
iliiiiiiaihhcd pri*ss., forms nitric oxide by autoxidation. E. Divers considered that 
111 ) autoxidation occurs, rather is the action produced by tbe oxygen of the air, and 
the hydrolysis of the nitrous ucicl. F. C. Ray and N. K, Dhar found that the aq. 
solii. IS feebly acidic, and for dilutions v^ith a mol of the salt in 18‘12, 64*36, 162*58, 
and 487*74 litres, at 2i)", the conductivities are respectively 58*65, 7D-92, 99*46, and 
J1M8 ; when the calculated value at infinite dilution is 100*8 at 20°. N. W.Fischer 
said ilial when the attempt is made to couc. the soln. by evaporation, blue scales 
of a basie salt arc formed ; W. Ilampe said that if the soln. bn evaporated in vacuo, 
and the residue washed with water, the product is copper oxynitlite, CuO.Cu(N02)2i 
which, aecoiding to F. C. Ray, also contains a little nitrate. B. van der Meulcn 
re])ortorl copper hexahydroxydinitrite, 3Cu(OU)2.Cu(N02)2, which A. Wemer 
represented as a hcxol salt : 

[Cu(jJ°Oa),](NO,), 

by mixing eq. soln. of copper sulphate and potassium nitrite; adding alcohol; 
and uvapoiatiug the mixture at ordinary temp. The product is a mass of acicular 
cr}'sbals, which are stable at ordinary temp. ; readily Bolublo in dil. acids, and in 
aq. ammonia ; but sparingly soluble in water or alcohol. Boiling water decomposes 
the salt. H. Bassett and R. G. Duirant said that the compouiiti does not explode 
by percussion. According to C. Przibylla, when a nitrite is added to a soln. of 
copper salt, the blue colour deepens, and a layer of ooiio. soln, one cm. thick is 
opaque. Presumably complex salts are formed. If an acid be added to the 
soln., nitrogen trioxide or nitric oxide is not immediately given off unless the soln. 
is Warmed. 

C. F. SehOnboin said that if a soln. or mixture of cuprous or cupric oxide, or cuprio 
carYionate in aq, ammonia, be exposed to air, some copper ammonionitnto is formed. 
K. Pijligot reported hydrated copper dlammlnohexanitrite, 3('u(NO|)a.2NUa.litO, to be 
formed in green crystals by the spontaneous evaporation of a soln. of dihydrated eopiw 
dlamminonitilte, Uu(N0|)|,2NHv211|0. A soln. of tliis s^t is said to be produced in 
violnt iieedlsB by evaporating the soln. obtained by the action of aq. ammonia on copper 
wliile exposed to air, boiling the rosiduo with alcohol sat. ^ith amnionii^ ^d cooling the 
filtered soln. The crystals are green at 100% and slowly pass into cupric nitrite as indicated 
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alov9. The salt tucplodes at a higher temp., or by perousAion. It ia soluble in water, with 
the absorption of licat, and tho dil. soln is iiydrolyzod to ouprir hydroxide, etc, There is a 
(bubt about tho individuahty of ID. Teligot's proilurls— ridr mfra, the copper ammmo^ 
nitrites. 

P. PiulArhics obtainpd copper tetramminonitrite, Cu(N02i)2ANHa, hj adding 
potaBsium nitrite to a soln. of copper diamminoacctalc, and precipitating with 
alcohol and ether in the cold. II. Bassett and K. G. Dnirant prepared copper 
tetramminonitrite hy the action of air end aq. ammonia on copper fi^gs 
(E. Poligot) ; by tho extraction of the hexahydroxydinitritc with aq. ammonia ; 
by the action of a cone, ammoniacal soln. of ammonium nitrite on cupric hydroxide ; 
by the action of nitrous gases, from nitric acid and arsenic trioxide, on copper 
hydroxide suspended in aq. ammonia; and by evaporating at ordinary temp, 
the filtered soln. of the basic nitrite in the minimum amount of aq. ammonia, 
of sp. gr. 0'880. The salt forms dark blue, acicnlar cryatals belonging to the 
tetragonal system. The conductivity of the aq. soln., and partition of ammonia 
between the salt and chloroform were meabured by P. Pudschies. The electrical 
conductivities of a mol of the salt in 2‘286 and 4-572 litres of water at 18" were 
rebpectively 68*4 and 73*0 ; and for a soln. in 9*141 litres, a precipitate of a basic 
salt was formed. If. Bassett and R. G. Durrant found that when the tetrammino- 
nitrite is exposed to moist air, while protected from dust, for about 3 mouths, 
a mixture of the diammiuonitrite and the hexahydroxydinitrite is formed. Taking 
picric acid as 100, the sensitiveness of the tetramminodinitrite to shock is 89. 
The purified salt may be heated either slowly or rapidly without any explosion, 
but all specimens containing nitrate are apt to explode towards the end of the 
heating process. The explosion of the tetramminodmitrate is vigorous at 212°, 
and the loss of ammonia after two brs.’ heating at 2(X)'’ in a continuous cuircnt of 
air was only 3 per cent., whereas the rorrespondiug nitrite loses more than 15 per 
cent, at temp, below 100°, and this without any current of air. It appears, there- 
fore, that ammonia is held firmly in the nitrate, but not in the nitrite, and that in 
mixtures the nitrite is quietly diTomposed by heat, final explomon being due to sub- 
sequent action on the nitrate. 11. Bassett and R. G. Dummt also prepared copper 
diamminodinitrite, ('u(NH 3 )i>(N 02 ) 2 , as a purple powder by heating the finely 
divided tetramminodinitrite for 24 hrs. at 97°. The product readily dissolves in 
ammonia to form a perfectly clear blue soln., and on exposing the powder to an 
atm. containing dry ammonia at the ordmary temp., the violet-blue tetrammine 
nitrite was re-formed. If the sensitiveness of picric acid to explosion by shock is 
100, that of the diamminodinitnte is 5.5. G. T. Morgan and F. fl, Burstall prejiiireJ 
copper bisetbylenediaminonitrite, [ruen2|(N02)2i by the action uf silver nitrite 
on copper diaquobisethyleDediamminoiodide. The dry salt is stable up to 120“ ; 
it melts with rapid decomposition at 128°. It is extremely soluble in water, but 
less soluble in alcohol. In aq. or alcoholic soln., tho salt is not decomposed even 
on boiling ; caustic alkalies have no pfiect, but dil. acid causes immediate evolution 
of nitrous fumes. Silver nitrate produces a quantitative separation of silver nitrite 
in alcoholic soln., showing that the dissolved complex nitrite is ionized in this 
medium. A. Fork prepared black needles of potassiiim oupric nitritei 
3KN02.Cu(N02)2i by evaporating in air a mixed soln. of an excess of potassium 
nitrite and cupric sulphate. The rhombic crystals appear green in thin layers, 
and have the axial ratios a:h\ c— 4992 : 1 : 0*8704. They ore stable in a desiccator, 
and decompose at 100°. The salt was also prepared by A. Kurtenacker. 

J. L. Proust* first prepared nlver mtnte, AgN02, by boiling an aq. soln. of 
silver nitrate with finely-divided silver fur several hours ; some metal was dissolved, 
and the evaporation and cooling of the pale yellow liquid furnished a yellow powder, 
which, after washing, was regarded as a sub-nitrate of silver. It was also precipitated 
from the yellow soln. by alcohol. H. Hess obtained the same salt by adding 
barium nitrite, prepared by the action of nitric oxide on baryta, to an aq. soln. of 
silver sulphate. He regarded it as a compound of nitric oxide with silver oxide. 
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The same salt was prepared by B. Pfligat by adding barium nitrite to a soln. of 
silvoi nitrate. E. Mitacberlicbi and V. KoLlfichfittei and E. Eydmann added 
sodium nitrite to a soln. of silver nitratCi and erystallizcd the precipitated silver 
nitrite (and oxide) from its soln. in boiling water ; V. Meyer woiKcd with potassium 
nitrite and silver nitrate ; J. Persoz mdted equal parts of silver and potassium 
nilrateSi and crystallized the silver nitrite from hot water. E. Friwoznik treated 
an excess of silver with nitric acid ; W. J. Bussell, and A. B. Leeds passed hydrogen 
into a cone. soln. of silvet nitrate ; and E. Divers heated silver nitiate in a current 
of nitric oxide. The aq. soln. decomposes below 100’’, and J. Lang, and 
N. W. Fischer said that the losses are so great when the attempt is made to purify 
the salt by recrystallization, that it is better instead to wash the salt with a little 
cold water. A. Naumonu and A. Blicker crystallized the salt from a soln. of nitrous 
acid. 

Analyses by A. Nauniann and A, Biicker, J. Persoz, J. Lang, and E. Mitscheilich 
agree with the empirical formula AgN02. I. Kissel, J. Bewad, and P. C. Bay and 
\\ Ncogi found that when silver nitrite is treated with alkyl iodide, both ethyl 
nitrite and nitroethano are formed — vide supra, nitrous acid. It can therefore be 
inferred that the salt is tautomeric Ag.0N0^Ag.N02. The abnormally small 
ionization of silver nitrite in aq. soln. also led H. Ley and K. Schafer to assumo tbat 
(tnly the form Ag.O.KO is ionized in tlic normal way, while the form Ag.N02 is 
very little ionized. P. C. Pay aud A. C. Ganguli reporteil that they have isolated 
llii'hc two forms. The one, a-silver nitrite, Ag.N02, is formed by double decom- 
position of silver nitrate and sodium nitrite in solution ; the crystals which separate 
lire waslii^d with crild water and dried in vacuo over sulphuric acid. When the 
luother-liquid, left after the a-Hult has sejiarated, is allowed to stand a long time, 
erystals of the other salt, jS-silver nitrite, Ag.O.NO, separate. The a-salt is said to 
tlecompofac when melted between 220^ and 250° : 2Ag.N02“>2Ag+N204, with a 
side reaction: AgH-N204-»AgN03 j-NO ; while the jS-salt decomposes without 
iiiplliiig, giving but little nitrogen oxide and much oxygen : Ag0.N0->Ag+0-l-N0. 
The scission of the jS-molecule on the assumption that it is constituted Ag- 0 NO 
is sup])osed to take place as indicated by the dotted lines; and of a-molecule 
Ag-rNOu. According to E. Divers, the alleged diilerciices arc not a question of a 
diilerence in constitution, but merely due to the diilcrence in the stale of sub- 
divisimi of the two salts. He said : (i) Silver nil rite docs not fuse but commences 
to decompose at 180°, and the observed fusion is due to the silver nitrate wbieh 
melts below 217°. (ii) The ob.sierved ditfeienre in the two ca^cs is due to aoiiie 
nitrate and residual nitric oxide in one case, and in the other case a little oxygen 
can be isolated. The diilcrencc in the way the salts pack in the tube and the conse- 
quent difference in the way the gases are temporarily imprisoned when the salt is 
heated sufficiently explain the observed results. 

N. W. Fischer said that the powder is almost white, but the prismatic crystals 
aie yellow, and this is the more pronouiLCcil the larger the crystal. Good crystals 
arc obtained by the spontuucous evaporation of aq. soln. in darkness. J. Persoz 
obtained iiecdlc-like crystals which appeared colourless in the niothci-liquor, but 
pulp green when alone in air. A. Fock said that the crystals belong to the rhombic 
system, and have the axial ratios a:b: 0-5704 : 1 : 0-8283. M. Oswald gave lor 
the sp. gr, 4-642 ; and P. 0. Bay, 4-453. N. S. Kumakoff and S. F. Schemtschuschny 
found that the press, at which the salt begins to flow is 46-G kgrms. per sq. cm. — 
tin, 10-5 kgrms. per sq. cm. 11. Hess said that the crystals blacken when exposed 
to light ; J. L. Proust, that they darken in air, forming silver and silver nitrate ; 
and N, W. Fischer that they decompose in contact with organic mattci^-e.j, 
paper. A. Fock said that the salt may be heated for an hour between 100° and 120° 
Without decomposing, and J. Lang found that the air-dried salt does not lose weight 
at 100°, but decomposition begins at 140°-1.“)0° ; on the other hand, M. Oswald 
found that the salt begins to break down at 00°. V. Kohlschiitter and E. Eydmann 
aaid that the salt decomposes in vacuo in very much the same way as in a current 
VOL. viu. 2 1 
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of carbon dioxide. Nitrous fumes can be seen at 150** ; and at 200°, the mass begin 
to sinter and melt, and soon afterwards so much silver nitrate is formed that thi 
whole mass becomes fluid. E. F^igot said that the decomposition products an 
silver, silver nitraie, and nitrogen peroxide ; E. Divers said that in an open vessel 
the heated nitrite reacts: 3 AgN 02 -<N 203 + 2 Ag+AgNQ 8 ; and in a coverec 
crucible: 2 AgN 02 =Ag‘|-N 0 -)-AgNU 3 ; and in moibt air, or in water-vapour 
AgN 02 - Ag-|-N 02 . M. Oswald said that when heated quickly in vacuo, the sal 
decomposes: AgN 02 — Ag-fN 02 . There are, however, some simultaneous re 
actions: Ag+ 2 NO 2 =NO+AgN 03 ; and AgNOg+NO^— AgNO^+NO. H.Abeg( 
and II. Pick represent the decompohition of silver nitrite in aq. soln. by 2AgNOj 
^Ag+NO+AgNOg, or, on the ionic theory, Ag'+ 2 N 0 ' 2 ^Ag+N 04 N 0 ' 3 , anr 
the equilibrium press., p, of the nitnc oxide is 4-2S atm. at ri5", and (i'29 atm. at 65° 
Equilibrium is obtaineil in 10-14 days. The press, of the nitric oxide is depressed 
by the addition of potassium uitrite such that for 0‘25iV-KN02, the press., p, 
is 3-65 atm. at 55°. For the equilibrium condition /ftAg'J[N0 2 p=pLN 0 ' 8 ], 
K --0'00()019 ; the free energy of the reaction at 55° is RT log volt, in 

Bgreement with the e.m.f, of the cell Ag | iV-Ag, A^-NO 3 , AT-NO^i NO(fttm. press.) | Ft 
which is 0-34 volt. M. Bcrthelot gave for the lieat of formation (Ag,N, 02 ) 
-11-3 Tuls. F. C. Kay and N. K. Dhar found the elcctiical conductivities for 
dilutions of a mol. of salt in 70-6, 211-8, and 635-4 litres are respectively 70-32, 
85*73, and llU-32 at 20°, when the calculated value for infinite dilution is 115-2. 
A. A. Uroening and U. F. Cady measured the decomposition voltages in aq. and in 
ammoniucal soln. 

E. Mitscherlich said that 100 parts of cold water dissolve 0*83 part of silver 
nitrite, while N. W. Fischer gave less than half this value ; J. Lang said that it is 
less soluble than silver sulphate E. Mitscherlich said the solubility iucroascs in 
hot water, and J. Iiang added that the soln. is then partially decomposed. 
A. Nauinanu and A. Kiickcr gave 31833 grins, per litre for the solubility of bilver 
nitrite in water a1 18°. H. J. M. Creighton and W. H. Ward gave for the sulubihty, 
in granoLB per litre : 

0* JO* l.S* 20 * 25* 30* 40* 60* 60* 

8 • 1-55 2 20 2-7.'i 3-40 4-14 5-00 7-15 9-05 13-63 

The measurcTnents of K. Abegg and H. Pirk are rather higher than these values for 
temp, below 20°. The results are lu agreement with single determi nations by H . Ley 
and K. Schafer, and S. von Niementowsky and J, von Roszkowsky. H. Abegg 
and U. Pick found the cone, of the silver ions in a sat. soln. of silver nitrite to be 
0-0146 at 25°, and the degree of ionization, 55 per cent. II. Ley and K. Schafer’s 
conductivity measurements gave for the degree of ionization, 59 per cent., and of 
the solubility product, [Ag'][N02], 0*0(X)2. The addition of silver nitrate lowers the 
solubility of silver nitntc m accord with the theory of the rfii*ct of like ions. The 
solubility of silver nitrite in aq. soln. of silver nitrate was measared by A. Naumann 
and A. Kiicker, R. Abegg and 11. Pick, and H. J. M. Creighton and W. H. Ward. 
The last-named workers found at 25°, with cone, expressed in mols per litre : 

AgNO, • , 0 0-00268 0-00586 0-01177 0-02365 0-04710 

AgNOi . . 0-0269 0-0260 0-0244 0-0224 0-0192 0-0164 

The presence of potassium nitrite raises the solubility of silver nitrite ; the effect 
of like ions being here marked by the formation of a complex. Measurements were 
made by U. J. M. Creighton and W. H. Ward, who found 

KNO,. . . 0 0-00268 0-00688 0-01177 0-02366 0-04710 

AgNO| . . 0-0269 0-0259 0-0249 0-0230 0-0203 0-0181 

Observations made by R. Abegg and H. Pick indicate the formation of complex 
univalent Ag(N02)2-ions. M. Oswald s curves are shown in Fig. 81, and they are 
consonant with the formation of a salt KAg(N02)«>. The ionization constant 
ij==0-00068, for Ag+ 2 N 02 ^Ag(N 02 ) 2 , or ti[Ag][N 0 ' 2 ]*=[Ag(N 02 )y ; and 
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for i8[N0^2l[^N02l— [Ag(N02)^2l. CalcuIationB show tliat in a 
sat. Bob. of Mlyer nitrite, at 25®, the cone, of the Aj;(N02}Vions u 0-0017 mol 
per litre ; Ag-ioM, 0-0146 mol per litre ; NOg-ions, 0-0129 mol per litre ; ul 
nnn-ionized AgNOg, 0-01 19 mol per litre. The reduc- 
tion potential of eilvet nitrite ; 2NO'g=:NO-l-NO'g is . * 

0-43 volt at 25°, when the potential of the hydrogen 
electrode ia zero. This mcane that when the sub- 
etancee taking p^ in the equilibrium are present in , 
unit cone., the nitrite ion is 0*43 volt less powerful a ^ 
jL‘ducmg agent than hydrogen. The reduemg action 
of the nitritc-iou is greatly increased when the cone, 
of the nitric oxide is small. N. B. Dhar and D. N. Bhat- 
loi'liaryya observed a brown film is formed on the silver 
electrode during theelectrolyaia of a sub. of silver nitrite. 

AcL'ording to H. Pick, oxygen of the air rapidly oxidizes a sob. of silver nitrite, 
and 1 he reaction is accelerated by the presence of finely-divided silver. The reaction 
hegiii.a at about 25®, and at 40®, nitric oxide is given ofi. J. Knitwig found that 
reacts with silver nitrite, forming nitro8}d chloride, silver chloride, and 
nil rogen peroxide ; and W. Neclmeier, that iodin/o in different solvents, forms silver 
iodide and nitrogen peroxide. 11. Hess showerl that hydrocldorio acid converts the 
iiilnte into the rhloridc, with the evolution of gas ; and E. Mitscherlich obtained 
silver ehloriile and alkali nitrites, when a sob. of alkali chloride is treated with silver 
jiitnti* E. Divers and T. Ilaga showed that if suspended m water, silver nitrite 
ii'acts willi hydrogen sulphide, forming sulphur, nitric oxide, ammonia, and 
li)<lroxylainine ; and with an excess of sulphur dioxide, silver sulpbte, sulphuric 
acid, and nitric oxide are formed. E. C. Franklin and C. A. Kraus found silver 
nitrite to he readily soluble in liquid atmtionia; and likewise, also, J. Lang, and 
H. IJer.s, ill aq. ammonia. E. Mitscherhch, A. Fock, and A. Bcychler found that 
the Holn. of silver nitrite in warm, cone. aq. ammonia deposits crystals of silver 
ammbonitiite, AgNU^.NHs, cooling. A. Beychler dried the yellow crystals with 
filter-pujier, washed them with alcohol and ether, and then exposed them to dry air, 
Acioriling to A. Fock, the yellow prisms belong to the ietraguiial system, and have 
tin* uxiaJ ratio a : c- 1 : O-bORG. A. Beychler said the m.p. is 7U‘, and the molten 
niusN crystallizes on freezing. The salt is sparingly soluble in water, less Hobble in 
ulcohul, and almost insoluble in ether. The sob. gradually gives off ammonia, and 
the s.iinp gas ia given off during fusion. Ethyl iodide reacts : AgNOo.NHj-l-CgHsI 
Agl f f yisNOn+NHo. A. Beychler made nlver diainilUllililitaite» AgN02.2NH3, 
by shaking the pjwdered munamniine with alcohol sat. with ammonia. Ether 
added to the fi11,<'rcd sub. precipitates the wWte salt, which cannot be dried without 
losing ammonia. It is hygroscopic. The powdered monammine also absorbs 
ammonia with the evolution of he^t and forms silver triamminonitrite* 
which is very soluble in water, and gives off ammonia when exposed 
to air. Accordmg to C. Paal, when silver nitrite acts on hydroxylamine chloride, 

irln J l J* 1 ■_ i . _•! 'J. A . 


If an excess of silver nitrite be employed, the filtered sob. deposits ciystals of silver 
fibiWtidiypomtrite, Ag2N202.2AgN02. E. Divers has questioned the individuality 
of iLi? alleged complex. II. Pellet found the nitrite is decomposed by ttUnc acid. 
K Divers and T. Sbmidzu observed no reaction with ni^ro^en j^oxide ; C. Paal 
found that hydroxylamim cAIonrfc furnishes hydroxylaramo nitrite (j.n.) ; and 
I that hydnazine sidphate forms silver azide. L. Kahlenberg and 

^ represented the reaction with arsenic : 6AgN02+2A8=AB203+6Ag 
ToNO^-f-GNO. P. Pistschimuka found that alkyl thiophosphates react with silver 
nitrite as they do with silver nitrate. P. Bezold observed that silver nitrite is 
sparingly soluble m tneihyl acetate ; M. Hamers, insoluble in dry ethyl acetate, or in 
water at 18® ; and E. Scholl and W. Stcinkopf, that 100 
of aceUmitrile at ordinary temp, dissolve about 23 parts of silver nitrite, and 
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at 40 parta, and the hot soln. on cooling deposits needle-Iike crystals of silver 
nitrite. The action of alkyl iodides has been discussed in roiinection with the con- 
stitution. N. W. Fischer found that if an aq. soln. of silver nitrite is free from the 
nitrate, in the absence of air, it is not reduced by tin, antimony ^ himuih, or nickd, 
but if silver nitrate is present, reduction occurs. 

G. S. Jamieson prepared csesiiim silver nitrite^ C'sN02.AgN02» in Icmou-yellow 
hemimorphic crystals from a hot soln. of 10 inols of caesium nitnte and one mol of 
silver nitrite. The effect of potassium nitrite on the solubility of silver nitrite has 
been already discussed— Fig. 79. The zone of stability of the double salt is in the 
regions AB, and A*B\ N. W. Fischer, and J. Lang made potassium silver nitrite, 
KN02>AgN02-i^H20, by crystallization from a soln. of the constituent salts with an 
excess of potassium nitrite, by evajmration at 30°-40°, or over rone, sulphuric acid ; 
and W. Hampu by saturating a cone. soln. of potassium nitrite with silver nitrite at 
60°-70^ and evaporating at ordinary temp, in darkness. A. Fock said that the salt 
is anhydrous, and that the bipyraniidal crystals bidoug to the rhombic system, and 
have the axial ratios a:h: c 0-52751 : 1 ; 1*9883. M. Oswald also found the 
salt is anhyilrous aft er drying m vacuo in the cold over phosphorus pentoxide. The 
sp. gr. of the solid is 2-868 at 0^/0°. N. W. Fischer said that the salt is stable in air, 
but dpcomposes when heated with its components, and at a higher temp, the silver 
nitrite breaks down ; water I'xtraets the alkali nitrite, leaving the silver nitnte. 
M. Oswald found that the salt decomposes m vacuo at 1(K) J . Lang found lliat t h*' 
salt dissolves comphdely in a siiuill proportion of water, but is decouipused by a large 
proportion. The salt dissolves unchanged m a soln. of potassium nitrite, but nut 
in alcohol. M. Oswald examined the efiect of soilium nitrile on the solubility of 
silver nitrite, and olitamed the results shown in Fig. 80. A complex liemiliydrated 
sodium silver nitrite, NaAg(N0o)2.^H20, is formed from a sok. of two parts of 
sodium nitrite in three parts of water, and adding as much silver uitrite as the sulu. 
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will dissolve at 5U^ 60". The filtered soln. gives erystals of the salt. The zone of 
stability of the doubh* salt is AB, and A'B\ The sp. gr. is 3-442 at 070". The 
effect of lithium nil rite ou the solubility of silver nitrite is shown in Fig. 81. There 
is no evidence of the foriu-iilion of hihum pilwr nitnlp, 

N. W. Fischer, J. Lang, and W. Hanipe ])reparcd caldum nitrite, 
Ca(N02)2.1l20, by treating a boiling soln. of silver uitrite with calcium hydroxide, 
and removing the excess of silver by hydrogen sulphide, or the excess of calcium 
hydroxide by carbon dioxide. J. Lang obtained only a small proportion of calcium 
nitrite by heating the nitrate. P. V. liay obtained the salt by the action of silver 
nitrite on a soln. of calcium chloride. F. Vogel evaporated the filtered soln. to a 
syrupy consistency and preciiutated the salt with alcohol, washed the product a 
number of times with alcohol, and then dried it at 50°. N. W. Fischer obtained 
strontium nitrite, iSr(N02)2.H20, by caluuing the nitrate and crystallizing out the 
nitrate from the aq. soln. of the residue. M. Oswald also obtained tetrahydrated 
calcium nitrite, Ca(N02)2-4H20 ; and the conditions of equilibrium are indicated 
in Fig. 82, but, added J. Lang, it is then very difficult to eliminate the undecom- 
poBcd nitrate. W. llampe used the process lor the barium salt — vide infra; and 
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F, Vogel treated a Boln. of silver nitrite with strontium chloride^ evaporated the 
filtered soln. to a syrupy consistency, and added alcohol as in the case of the calcium 
salt. H. Hess prepared barium nitrite, Ba(NO2).H20, by calcining the nitrate ; 
digesting the mass in water ; and cryst^zing. He called the product SiiciksU^ff- 
oxydbaryt, J. Lang, and N. W. Fischer dissolved the calcined residue in water, 
crystallized out undccomposed barium nitrate, and precipitated any barium 
hydroxide by passage of carbon dioxide ; the addition of a little alcohol precipitated 
crystals of barium nitrate, and afterwards flecks of the nitrite appeared. The soln. 
was then allowed to crystallize, and any nitrite in the residue precipitated by alcohol. 
Neither E. Arndt, nor P. C. Ray could recommeud the process. J. Fritzche 
saturated a soln. of barium hydroxide with the red vapours evolved when fuming 
nitrio acid is heated, and, afto evaporating to dr 3 mcss, extracted the mass with a 
little water to remove barium nitrate — barium nitrite remains. W. Ilampe used 
barium carbonate suspended in water in place of barium hydroxide; and the 
rone. soln. remaining after barium nitrate has crystallized out, was treated with 
IN) per rent, alcohol ; and the filtered solo, evaporatetl for llie nitrite. K. Arndt 
rliil not recommend this mode of preparation. C'. F. Rammelsberg, and P. C. Kay 
obtained biirium nitrite by double decomposition witl] silver nitrite and barium 
chloride. K. Arndt recommended mixing the silver nitrite with sea-sand before 
lidding it to the barium chloride soln. J. Matusrhek obtained barium nitrite by 
the double deromposiiion of barium chloride and sodium nitriLc, and fractional 
crystalli/atioiL. 0. N. Witt and K. Ludwig employed the following process ; 

p]q. quarititioB of dry Bodium nil illo aJiii bni itim rhlorido are iniimately mixed uitd added 
lo Budjiiin iiitnio (1 04 ( ) diftsoUrd in li liiiich its wt. of liniling water. Ky using on excess 
of bOiliiiin nitritt\ Hin ' Halting nut ” of poit of the baiiuin rliloride bofnro tho ronrtion is 
(•fiin]>lotc iri provrnted. The pi et ipitated sodium chlondo is iiniiiodiately removed by a hot 
Idler, and on rooling tho Ultrulo, well-defined rrystalB ol barium mtrite, 
ui u oblaiiiiMl. 'J hoy aio IjobI roinoved by thn aid of a. good t ontiiinge. The ini)t]ior<liquor, 
uhii h contains tho rxi'(\sH of smbum nitiito, imiy bo used again. When heated, it begins to 
evoh B oxides of mtrogon at 115^, 

W. Mryeihoffor said that imilrr the condilions hrrr described, the salt pair, barium 
nitrite and sodium cliloridc, is stable within ils interval of change, and that in tho 
]iiesrni;r of water it will separate as a third salt, while barium chloride and sodium 
nitrite will remain in soln. To yircveut this an excess of sodium nitritr is necessary. 
J. Matusebrk bhowed that hydrated barium chloride and sodium nitrite interact 
when pounded logctlier, and that these salts react in molecular jiruportiun in aq. 
boln, at KK)"' if only a limited amount of water is prebcut. The yield of barium 
nitrite approaches the theoretical when tho amount of water addl'd as solvent is 
one- third of tho weight of tho nitrite which would be formed if tlic reaction were 
quantitative. 

M. Oswald noted the tendency of the salts to form supersaturated soln., and 
be obtained yellow glasses by cooling the soln. to — R0°. Calrjum nitrite, according 
to F. Vogel, forms six-sided prismatic noodles which are isomorphous with the barium 
suit; W. Hampe described the crystals of strontium nitrate as acicular when 
produced by cooling the hot soln. ; but octahedral, if obtained by cvapDiating tho 
aq. soln. at 90’’. M. Oswald found the monohydrates of barium and strontium 
nitrites to be isomorphous — ^this merits further examination. A. Eppler said 
the crystals belong to the cubic system. F. Vogel found barium nitrite furnishes 
six-sided prismatic crystals which, according to A. Fock, belong to the hexagonal 
system and have the axial ratio a : o=l : 2-5056. M. Oswald gave 1*674 at 0^/0^ 
for the tetrahydrated calcium salt ; 2-408 at 0^/0” for the moiiohydratcd strontium 
Balt ; aud 3-109 at 070'’ for the mouohydratcd barium salt. E. Arndt gave 
M 140 for the sp. gr. of a soln. with 150-005 grms. of barium nitrite per litre ; and 
F. Vogel, for a soln. sat. at 0®, sp. gr, 1-40 ; at 20®, 1-45 ; at 25®, 1-50 ; at 30®, 
1'52; and at 35°, 1-61. M. Oswald found that the aq. soln. of calcium nitritci 
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Bat. at 16^ has a sp, gr. 1-4205 at 16°/0^ and contains 42-3 per cent. Ca(N02)2 ; 
the Boln. of the strontium salt, sat. at IB**, has a sp. p, 1-4461 at l9°/0°, and has 
39-3 per cent. St(N 02)2 ; and the soln. of barium nitrite sat. at 17'’, has a sp. gr, 
1-4B97 at 1770°, and has 40 per cent, of Ba(N02)2< The sat. soln. of strontium 
nitrite boils at 112-5'’ and 763 mm., and of barium nitrite, at 114° and 769*6 mm. 
The crystals of calcium mtrite are deliquescent, but, according to 0. N. Witt and 
E, Ludwig, those of barium nitrite are not hygroscopic ; and, added E. Arndt, 
the crystals usually contain a little less water than is required for the monohydrato, 
owing to efiprvcacencc. A. Fock considered the salt to be anhydrous. J. Lang 
and F. Vogel said that the crystals of strontium nitrite arc stable in dry air, hygro- 
scopic in moist air. P. C. Ray said that calcium nitrite, dried in a dosicrator, and 
then on a water-bath to constant weight, is heniihydrated, Ca(B02)2-^H20 ; 
J. Lang, W. Hampe, and F. Vogel said the crystals are monohydrated ; M. Oswald 
showed that both monohydrated and tetrahydrated calcium nitntc can be formed, 
and that the transition temp, is 44°, Fig. 82. According to F Vogel, calcium nitnte 
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at 40° loses 3-1 per cent, of its water of crystallization, and at 100° all is lost. The 
dehydrated salt absorbs from atm air at ordinary temp. 14'S«1 per cent, nf water. 
The monohydrated strontium salt does not lose any water of crybtrillizatiou, but 
all IS given off above 100° with a slight decomposition All the water is restored 
by a few days’ exposure to atm. air. iSimilarly, the baiium salt loses its 7-2B per 
cent, of water of crj'stalUzalion below 100°, and after 2()dayn’ exposure tn utm. 
air, 3-10 per cent, has been restored. 0. N. Witt anrl K. Ludwig found that the 
decomposition of the barium salt begins at about 115° so that the water has to be 
determined by the methods of organic analysis , cone soln. boiling over 115° 
decompose, but dil soln. are quite stable. M. Oswald found that the temp, at 
which the salts begin to decompose are 220° for calcium ml nte ; 240° for strontium 
nitrite; and 235 for banum nitrite. According to P. C. Kay, when banum 
nitrite is slowly heated nitric oxide is the mam product of the reaction, and a por- 
tion of the salt is converted into nitrate, 3Ba(N02)z '2Ba0-|-Ba(N03)2‘f INO, 
with the side reaction 2Ba(N02)2— Ba0+Ba(N03)24Ntl4 N ; in the sreond stage, 
the nitrate decomposes, giving off oxygen: Ba(N03)2 “Ba0+2N0240, and 
Ba(N0a)2=-Ba(N02)24 Oa- There are also a number of other reactions proceeding 
simultaneously; thus, M. Oswald found at 150°: Ba(N0o)242^02 Ba(N03)2 
42N0419-6 Cals. ; and Ba(N02)24N02=^Ba(N08)24N455-2 Cals. P. C. Ray 
said that calcium nitnte decomposes like the banum salt. E. Arndt gave 220° 
for the m.p. of barium nitrite, and M. Oswald, 217°. M. Berthelot measured 
the heat of formation of barium nitnte and obtained (Bb,N 2,202) -"-179-6 Cals. 
E. C. C. Baly and C. H. Desch measured the absorption spectrum of barium nitrite 
fn/ra, the action of nitrogen peroxide on calcium oxide. 

F. Vogel found that 100 c.c. of an aq. soln. of calcium mtrite has 111-6 grms. 
of the monohydiate. M. Oswald’s solubdity curves are indicated in Fig. 62. The 
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eutectic occurs at —17'5° and 35 per cent. Ca(N02)2. The percentage solnbility, 

8, is: 

-0 6- 0* 18 5" 42“ 44" 64" 04" 70" 01* 

8 . ^6*2 28s1 43’0 61-8 03-5 55-2 6R-4 GO-3 71-2 

Solid phaM 4n,0 Ca(NO|), n^O 

At higher temp.r the salt is much hydrolyzed. W. Hampe, and J. Lang noted that 
Btrontjum nitrate is very soluble in water, and P. Vogel found that IfK) c.e. of a 
snln. at 19*5° has 62-83 grms. of Sr(N02)2-U20 ; while M. Oswald obtained the 
re^nlts indicated in Fig. 83. The eutectic at - e-S® has 32-8 jht cent. Sr(N02)2. 
For the solubility, 8, of inonohydrated strontium and barium niintps, {icr 100 parts 
of water, M. Oswald gave : 

8 0" 10" EO" 40" 60" BO" 100" 110" 

8r[NOJ^.H,0 G8-9 67 G 75 8 B4 IIG 145 1S2 — 

JlalNOsle.ll^O 03-6 60-5 70-5 113 170 254 4G1 705 

J. Lang, and W. Uampe found barium nitriko to be very soluble in water, and 
F. A^)gpl measured the solubility between 0° and 35°. M Oswald’s results arc in- 
dicat cd above and in Fig. 84. Tlie culeetic is at — 6-5°, with 34*5 pr cent. Ba(N02)2* 
There are no hydrates other than the monohydrates of barium and strontium 
iiitjites. J. Lang said that the aq. soln. of barium nitnti* is feebly alkaline, but 
AV. llampe, and K. Arndt observed the soln. has no action on litmus unless the salt 
has been previously evaporated to dryness with consequent decomposition. Accord- 
ing to M. Oswald, the hydrated nitrites ran be dehydrated in a vacuum over phos- 
phniic oxide without niitlergoing decomiKisition ; in cone. aq. soln. lithium mtrito 
and the alkalme-carlh nitriles undergo hydrolysis at 1(K)°. The soLd iiitrite.s or 
their sa<. soln. are not oxidized by oxygen at atinospherio pressure, neither are 
the dry salts Hctod on by nitric oxide, so long as decomposition of the salt itself 
does not occur. Oxidation of solu. of the nitrites occurs only in the presence 
of Bculs, and is then due to oxidation of the decomposition products (nitric 
oxide) of nitrous acid. F. Vogel gave for the cq, conduelivity, A, aq. solu. with 
the conr. expressed in gram-eq. pr litre, at 25° : 


Cojir. . 

, 5 0 

3-0 

2-5 

20 

10 

01 

0 05 

0-01 

0 003 

GO 


■ 

— 

45-5 

51-2 

GG 4 

OG-0 

m 

IIG 

120 

124 


. 23-9 

40-8 

4b 0 

51-8 

07-6 

\)[) 0 

10.J 

120 4 

121 

125 

Hh[NUJ, . 

■ ““ 

40.1 

45-3 

51 -3 

Ub-4 

09-0 

ini’) 

111 

1J5 

122 


P. 0. Ray und N. R, Ohar also measured the plectrical conductivities of soln. of 
Hip three nitrites ; and P. C. Ray and S. C. Muklierjee observed that the degrees 
of ionization of soln. of cnlcium nitrite at dilutions r 28*0 and 19-4 litres are ro- 
s])erhvpjy 0-84 and 0-82 ; for strontium nitrite at dilulioiis v 22-0 and 21-0 litres, 
0‘84 in both cases ; and for baiium nitrite fur v -21-0 and 31-4 litres, respeetively 
0-84 and 0-86. 

N. W. Fischer said that ralchim nitrite is insoluble in dil. alcohol, and F. A^igel, 
that 100 c.c. of 90 per cent, alcohol disisolve 39-0 grms. of the salt, at 20°, and 100 
c.c. of absolute alcohol, M gnus. W. Jlampe, and J. Lang found that stronlium 
nitrile is sparingly soluble in absolute alcohol, and F. Vogel showed that 100 c.c. 
of fU) per cent, alcohol, at 19 5°, dissolve 0-12 grm. of salt, and 100 c.c. of absolute 
alcohol, 0-04 grm. J. Lang, and AV. Hampc said that barium nitrite is nearly 
insoluble in absolute alcohol ; and F, Vogel found that 100 c.c. of alcohol and water, 
at 19°-2r, dissolve S grms. of monohydrated barium nitrite ; 

Alcohol , 10 20 30 40 60 GO 70 80 00 100 per cent. 

liaaaJt . 40-30 20-30 18 41 13-33 9-11 4-84 2 GG 0-08 0-00 0-00 

According to £, C, Franklin and C. A. Kraus, a soln. of barium nitrite in liquid 
ammonia reacts with the following salts dissolved in liquid ammonia — ammomum 
chloride, bromide, and iodide are precipitated; ammonium chromate gives a 
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flocculent precipitate , and ainmonium borate also gives a precipitate. C. Matignon 
and E. Monnet obserx od that the oxidation of solid calcium nitrite to nitrate can 
be effected as in the case of sodium mtrite {q v.) by heating it m oxygen under 
press 

J Lang, and A Fock prepared potassiiim calcdnm nitrite, KNOg ra(N02)g 
.SHgO, by slowly evaporating a soln of the component salts J Lang obtamed 
poiassiiiin strontium nitrite, 2KNO2 Si(N02)2» aiid potassium barium nitritei 
2 ENO 2 Ba(N() 2 ) 2 i in an analogouM wav J Lang also claimed to liavo made the 
monohydralL, ‘ilCNOg 13a(N()2)2 H^O, in long, acicular crjstals stable in air; 
easily soluble m r, but not in alfoliol , and dehydrated at 100'’- but A Fock 
did not verify this result II Topsoe described the erislals of the calcium salt as 
colnurlcHh, rhombic, bip^nmiiddl prisms with the a\idl ratios o h r-*0di42 1 0-642, 
and A Folk said that thi irjstals of the pseudohex agonal pnsnis of the barium 
aalt arc rhoinbu with axial latios a h r O^SM 1 -- A Fock found that 


the crystdlb of I he barium salt j^rcserve their lustre when heated many hours at 
120°, but at Ifitr, they hlnwly lose thiir lustre J E Ahleii said that the calcium 
bait lb dchjdiatcil at 100 . W N Fisiher reported silver buium mtnte, 

BdAg2(N03)4 JI2O, from a solii of the 



lompouent salts The foinuiLi is here 
due to M Oswald, who exanimcd the 
three mtiites of the alkalim laiths, 
and found only barium forms a double 
salt Tilt conditions of stability an 
jepriSLnted by AB, Fig bl The 
rnircsponibng diagrams for flroiituim 
and c allium nitrites do not show any 
evident e 6f the formation of ^'ilver 


Fin 85 Bumrv Fm 86— Tia 87 -Bi hironhmn mUite, or of a mlver rnhium 
hyntom Ba(NC),)a binary uar> S)st(ni n^fnU , nur is any ^Itnnituni baiium 

^ ^ -AgNcj,* nilTitc foimed, for the two balls give 

Ak\( 5/ * a Btrus of mixed crystals, 

(BiSrjlNOJzH^O. 

C Przib}lln obLciniid a srnis of iripb nitrites, thus, copper caldum potas- 
sium nitrite, (SiCaK,(N02)B, luepand by mixing a wcUrooIul solii of ctjppei 
chloride and bodiuiii iiitiili with a «*nlu of potassium tlilonde, laliium ihlonde, 
and sodium nitrite, is a deep green, crystalline pow ilr r, which is juirified by washing 
with R*) i)ir cent aholiol and then with alcohol Copper Calcium nmm nnmm 
nitrite, CuCa(NH4)2(N(J2)8 prcjiared lu a smiiUr manner to the jirecediug bait 
but using very couc bolu , closily resemblcH the jiotassium salt, but if kept, 
gradually docomposis with evolution of nitrogen tzioxide Copper banum potas- 
sium mtrite, CuBaK (NU2)n, obtained by mixing a wellioohd rout solii of 
barium clilonde and sodium mtrite with a snln of coiipei chloride, potassium 
chlonde, and bodium nitntr, is also a deep green, rrybtallme powder, it is olable 
when kept dry, but decomposes on leciybtallization, with evolulion of nitio^en 
tnoxide and the formation of basie salts OOpper barium gmmnnmm nitnte, 
C!uBa(NIl4)2(NO2)0, is very similar to the potassium salt, but blowly decomposrs 
when allowul to remain at the ordinary temjieraturc Copper strciltium potas- 
Bioxn mtrite, CnSiK2(N02)e, is obtained m a similar manner to the preceding 
salts, but a large excess of strontium rhlondc should be employed, as otherwise 
a mixtun^ of suits is obtained containing less strontium , these cannot be purified 
by Teir3n)tallizatum. Thi^ corresponding oopper stroutiom ammonium mtrite 
IB very similar to the jiotassiuni salt 

F Vogel tried without suecDsa to makeberylliumnitritebytheaitionof beryllium 
sulphate on baiimu nitiiU^ He found that in aq soln the precipitate is imme- 
diately hydrolyzed, mtiogcn oxidis arc evolved, and only a small proportion of 
nitrogen remains. It might be added that many salts, unstable in aq. soln , havo 



NITROGEN 


489 


been made in non-aq. solvents. D. B. Q. Disjonval prepared magnorinm nitrite, 
presumably Mg(N 02 ) 2 i by the action of nitrons add on magnesium hydroxide, 
J. Lang, W. Hampe, and P. C. Ray obtained it by donbl'' decomposition between 
magnpsium sulphate and sodium nitrite and magnesium sulphate, and fractional 
rrystallization--H;ufe supra, barium nitrite ; and L. Spiegel, by digesting at 
a mixture of silver nitrate and magnesium chloride ; removing the silver from 
the filtrate by hydrogen sulphide ; and evaporating the filtrate first on the water- 
bath, and finaUy over sulphuric add. P. C. Bay said that the soln. should not be 
evaporated on tlie water-bath because of its ready hydrolysis ; it is best cone, 
under reduced press, over sulphuric acid. L. Spiegd, J. Matuschek and W. Hampe 
found the salt dried over sulphuric acid is dibyibated ; and L. Spiegel, J. Lang, 
and F. Vogel prepared a trihydrated salt. The white thin plates, or prismatic 
columns, are deliquesrent. J. Lang said that they decompose at IDO**, giving off 
nitric oxide, and so also with the aq. soln. L. Spiegel said that the crystals cannot 
1)0 dried to consiant weight since a little decomposition also occurs ; a marked 
ileconqiosition occurs at 97°-100°, but the soln. can be boiled a long time without 
poree])til)Ic decomposition. F. P, Dunnington and F. W. Smither said that all 
hut one mol of water can be driven from the salt at 97MOO°, but any further loss 
of ^aier is attended by a loffe of arid. According to P. C. Ray, the salt spon- 
t jneoubly decomposes in a scaled vessel, giving off red fumes. If heated in vacuo, 
till* salt dccom])OBCs like barium nitrite (g.v.). The decomposition begins at 60% 
and at a basic nitrate, MgO,Mg(NC^) 2 » is formed which is stable at 175°. 
F. Vogel made analogous observations. P. C. Ray and R. R. Dhar found the 
elertrjcal conductivities of soln. with a mol of the salt in 15*5, 46-5, 139*5, and 
418*5 to be respectively 01*15, 108-65, 120*55, and 127*15 at 20“, and at infinite 
dilution, 1 06*9. W. Hampe found the salt to be readily soluble in alcohol. J. Lang 
ir>])orted potassilim magnesium nitrite to be formed in a manner analogous to 
the corresponding barium salt. A. Reychler reported crystals of magnesium silver 
nitrite, AgN02.19Mg(N02)2-50H20, to be formed from a mixed soln. of the com- 
]) 0 ]icnt salts. The complex nitrite is readily soluble in water, and the soln. is 
rapidly dccuinposed by light. 

According to A. Vogel and C. BeischaaeT,!’ zinc nitrite, Zn(N02)2i is formed 
copiously when zinc dissolves in nitric acid, or in a soln. of zinc hydroxide in aq. 
ammoniu, and iu the latter case, crystals of the hydroxide are simultaneously 
formed. J. Matuschek obtained it by a process analogous to that employed for 
the barium salt. F. Vogel could not obtain a satisfactory result with J. Matuschek's 
method. The rhomhic plates were monohydrated zinc nitrite, Zii(N02)2*H20. 
They decompose in air, and, when dissolved in water, form nitrous acid and zinc 
hydroxide. W. Hampe, and J. Lang said that the cone. snln. is stable, but J. Matu- 
sclick found that it gradually forms zinc nitrate and hydroxide. According to 
F. C. Ray, zinc nitrite cannot be crystallized from the aq. soln., prepared by the 
double decomposition of a soln. of zinc sulphate and barium nitrite, for the cone, 
soln. decomposes — oven in vacuo — ^with the evolution of nitric oxide and the forma- 
tion of a basic nitrate. P. C. Ray and N. R. Dhar gave for the eq. conductivity 
of a mol of the salt in v litres of water at 20° : 

V ... 12-4 37-2 lll-S 334-8 1004-4 

A . . . 63-27 80-B7 104-30 116-26 117-66 

The calculated value is 108*1 at infinite dilution. The aq. soln. is acidic owing to 
hydrolysis. By evaporating a soln. of zinc nitrite, W. Hampe obtained plates 
of zinc ozynitrito, ZnO.Zn(N 02 ) 2 - J- Lang obtained tribydrated zinc nitrite, 
Zn(N02).31l20, by evaporating in vacuo the filtered soln. obtained when zinc 
sulphate has been treated with barium nitrite. The aq. soln. is not precipitated 
by alcohol. The crystals decompose at 100° giving ofi nitric oxide. F. Ephraim 
and E. BoUe obtained a doubtful zinc Emminunitrite by saturating a soln. 
of zino nitrite with ammonia. J. Lang said that yellow, prismatic crystals of 
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potanam dnc Mranitrite, 2EN02.Zn(N0x)2.H20, weie produced by oi^tal* 
Uzation from a mixed soln. ol the component salts. W. Hampe obtained a similar 
salt. A. Bosenhcim and K. Oppenheim reported pale yellow, very hygroscopic 
crystals of potaasum zinc pent^trite, 3EN02.Zn(N02)2.3H20, by adding nitrous 
acid to a mixture of zinc hydroxide and potassium nitrite, stirred up wi^ water. 
The crystals arc decomposed by water. 

F. Vogel prepared crystals of nadniiiim nitrite, Cd(N02)2i by evaporating in 
vacuo the soln. remaining after mixing eq. proportions of barium nitrite and 
cadmium suliihate in aq. soln. T. C. Ray obtained cadmium nitrite in bright, 
pale yellow crystals, by triturating a mixture of cadmium chloride and silver 
nitrite, water being added from time to time, until the filtrate showed no 
evidenre of an excess of either salt. The liquid was then evaporated in vacuo over 
sulphuric arid. J. Lang obtaini^d hydrated cadmium nitrite, Cd(N02)2>H20, as a 
yellow crystalline mass by evaporating the same soln. at as low a temp, as possible. 
The salt is decomposed by heat, and by water. P. C. Ray found that cadmium 
mtrite bt'gan to decr)mposc at 150*^, and at 230°, a brown residue of cadmium nitrate 
and oxide was formed. Nitric oxide is the chief gaseous product ; 
3(M(N02)2^2rd0-|-rd(N03)2+4N0 ; and there is a side reaction: Cd(N02)2 
- ('d04 N20a(N0+N0o). The eq. conductivity at 29° with a mol of the salt in 
V litres of water is : 

r ... 10 20 40 80 lOO .‘120 BtO 1024 

A . . .33 7 43'9 5'S-l G7‘l 78-3 8b>3 !)6 1 10^6 

W. Hampe obtained fi^minm ozynitrite, Cd0.Cd(N02)j, as a white, insoluble 
powder by the artion of water or absolute alcohol on the normal salt. According 
to H, Monn, when a sat. holn of ammonium nitrate is poured ujmn granulated 
cadmium, an energetic reaction takes place with tumultuous ebulli1ir)i), and the 
temperature rises to 1 1 0° ; but there is no evolution of gas. After cooling, the liquid 
is filtered and allnw'cd to evaporate over calcium chloride out of direct sunlight ; 
it then deposits transparent rhombnidal prisms, which, wlien dried, do not alter 
on exposure to air. These crystals arc decomposed by water with separation 
of flocculenfc cadmium oxide ; they can, however, be crystallized from a soln. of 
ammonia. When lieaied, they melt and give oil ammonia, and as soon as they are 
completely dry, they decompose with sudden deflagration, nitrogen oxides being 
given off, and a residue of anhydrous cadmium oxide left. The crystals correspond 
with nwimnniiim cadmium diamminoxytetnuiitrite, CdO.('d(N02)2 2NH4NO2. 
2Nll3.HnO. G. Carrara obtained a cadmium nitrite of indefinite composition about 
a cadmium anode during the electrolysis of a soln. of cadmium nitrate ; uo ammonia 
was detected. C. F. ISchunbcin said that a nitrite is formed when a cadmium rod 
is left in contact with a soln. of ammonium nitrite for sonu^ time. W. Hampe, 
and A. Fock reported crystals of potassium cadmium timitiite, EN02.Cd(N02)2» 
to be formed by evaporating a mixed soln . of the component salts. V. K oLlschtitt ei 
obtained the salt by adding alcohol to an aq. soln. of the tetranitrite. The soln. 
first forms pale yellow cubes, or plates. The salt is not changed by recrystallization 
ol the aq. soln. The crystals are stable in air, readily soluble in water, and sparingly 
soluble m aliohol. The mother-liquor remaining after the preparation of the 
preceding salt furnishes rhombic prisms of potassium cadmium tetnnitlite, 
2KNO2 Cd(N02)2. J. Lang obtained tlie same salt by the spontaneous evapora- 
tion of a soln. of cadmium acetate with a large excess of potassium nitrite; 
A. Laubenheimer, by evaporating, in vacuo, over sulphuric acid, a soln. obtained 
by treating silver nitrite with the right proportion of cadmium and potassium 
chlorides ; and V. Kohlbchiittcr, from a cone, soln. of potassium nitrite and cad- 
mium sulphate. According to A. Fock, the pale yellow crystals belong to the 
rhombic system and have the axial ratios a:h: c=0'5369 : 1 : 1-9237 ; H. Topsoe 
made some observations on this subject. P. Groth said the optic axial ratio is 
2E=::c- 80° ; and the indices of refraction for Na-light are j3=:l-5()5, and y=£l-608. 
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The cryBialfl sie reAdil 7 soluble in water, but not in alcohol The salt is not changed 
by boiling with water, and the soln. has a neutral reaction. According to J* Lang, 
the mother-liijuor remaining after the separation of the tetranitnto furnishes 
rectangular plates of potassiiun cadmium hexanitiite, 4KiN02.Cd(N02)2. 

The early literature on mercury nitrites is somewhat confused, and difficult to 
follow. E. F^ligot,*^ and J. H. Niemann prepared a soln. of mercurous nitrite, 
llgN02i by the action of cone, nitric acid on mercurous nitrate. E. Miischcrlich, and 
J. Lcfoit obtained a lemon-yellow basic salt by the action of mercury on a hot soln. 
of mercurous or mercuric nitrate ; it was taken to be mercurous nitrite. P. C. Ray 
supposed the lemon-yellow crystals were a basic nitrite, but later showed that th (7 
lire hydroxymercurosio nitrate, Hg 0 (H 0 .HgN 03 )(H 0 .Hg 2 NO^). U. Gerliardt 
correctly regarded this product as a mercurosic nitrate ; and it can he n‘ganled as 
a salt of the ortbonitric acid of W. N. Hartley. A. Bauilrimont said that mer- 
(urous nitrite is formed by the action of nitrous acid on mercury, hut C. Gerhardt 
roidd obtain only the nitrate by working at 0°. In IDfiO, J Lang could say that 
there was no evidence that mercurous nitrite had ever been isulatetl — ^if mercurous 
nitrate be mixed with potassium nitrite, mercury separates and nitric oxide is 
cimlved ; and if the potassium nitrite be in excess, potassium mercuric nitrate is 
formed. According to P. G. Ray, however, when mercury and dil. mtric acid are 
left in contact for a long time, the following salts may be formed : mercurous 
nitrite, HgN 02 ; mercuric nitrite, Hg(N 03 ) 2 ; mercurous nitrate, JfgN 03 . 21 l 20 ; 
and hix or seven basic nitrates. Analyses show that the siircessive formation of 
these salts involves the initial production of mercurous mtrite ; after tliis the 
nilratcb and basic nitrat es appear. Hr said : Nitrite is the product of the combined 
aclion of nitrous and nitric acids 22 ’■*33'’ on mercury: 2Hg fHNOi [-HNO3 
=• 2IIg(N 02)24 H 2 O. Some of the nitrite is decomposed by the nitric and, and the 
quantity of nitrous acid thus rapidly grows until mercurous nitiitc and nitrate arc 
accuinuldtiiig iii luol. proportions. Thereafter, the proportion of nitrous acid in 
holn. remains constant ; and it has become the catalytic agent between nitric acid 
and mercury whicli now interact: 2Hg f2HN03--IIgN024’lIgJ^C)34-H20. At 
lower lenip., the effects of diffusion and crystallization were enough to mask the 
equal production of nitrite and nitrate. When ineicury is covered with nitric 
acid sp. gr. 1*11/15®, to a dejith of 10 cms. at 3U" 3 ^j“, the bright vi'llow mercurous 
ml lit e soon begins to crystallize, generally as a crust over the inncury, but some- 
liiues in separate large crystals. The whole may bo left luulislurbed for about 
hi) Louis without the rrystals showing erosion. Very little mlrir oxide forms on 
the mercury, and even that is soon absorbed by the soln. In 21 lirs., the soln., 
jiifll over the mercury, has attained a sp. gr. of l’G-l*7, whilst at the surfar’e its 
sp. gr. is hardly alteri'd, scarcely any mercury sails being iiresent. Mfrcuioiis 
nitiit e ih always formed when nitric acid, with 10 23 per cent. N 2 O 5 , acts on niercury 
at 22'’-33°; and an acid containing 13-14 per cent. N 2 O 5 , coriesponding with a 
1 : 4 ddution of nitric acid of sp. gr. 1-410, is the most favourable for the production 
cf crystals of mercurous nitrile. If an acid of sp. gr. 1-13 j- 1-110 is used in place 
of an acid of sp. gr. 1 - 11 , small crj'stals appear in two or three days along with those 
of miTCUroiiB nitrate ; these soon give way to a crystalline crust, or laige isolated 
crystals of UgNOs.H 20 . Tlie more cone, acid thus converts some nitrite into 
nitrate. N. R. Dhar found that the conversion of mercury into nitrite is favoured 
by ferric nitrite ; P. C. Ray found the converse. 

P. C. Ray said that the crystals of mercurous nitrite are Bul])hur-ycIlow. The 
Bp. gr. is 6-925, and the mol voL 83-04. He said that the salt develops nitric oxide 
at 100®, but P. C, Ray and A. C. Ghosh found that the decomposition begins at 
140®, and is completed at 247®. When a thin layer of the nitrite is heated in vacuo, 
to 195®, P, C. Ray and J. N. Sen did not obtain a complete decomiiosition, and 
estimated that that would require a tomp. of 250®. They consider that the results 
of the analysis of the dooonipusition products are in agreement with E. Divers and 
I. Bhimid^’s observationB on the thermal decomposition of silver nitritci the 
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primary reaction: 2HgN02=2Hg-f2N02, followed by: 4 N 02 + 2 Hg= 2 HgN 0 , 
-|- 2 NO. Since F. 0 . Ray has shown that mercurous nitrite, like silver nitrite, 
interacts with ethyl iodide producing both ethyl nitrite and nitroethane, it is assumed 
that the mercurous nitrite is tautomeric having both the hydroxylic form HgO | NO, 
and the imidic form Hg;N02. scission of the molecules is supposed to occur 
simultaneously in the regions represented by the dotted lines. 

P. G. Ray said that mercurous nitrite can be kept in dry atm. air for years 
without change, but if the salt be exposed to moist air, it decomposes slowly, giving 
ofi nitric oxide. When dissolved in water, mercurous nitrite slowly forms mercuric 
nitrite and mercury, but about 22 per cent, remains undecompnsed at ordinary 
temp., and forms, with the mercuric nitrite, mcrrurosic nitrite, IlgN02-2Hg(N02)2* 
If the mercurous salt be removed from the soln. by the addition of sodium chloride, 
a sodium mercuric nitrite is formed. On evaporating the aq. soln. of mercurous 
niirite, various basic mercurosic nitrates crystallize out. Besides the anliydrous 
mercurous nitrite just described, P. C. R^iy prepared hemihydsated menmious 
nitcitei HgN02.JH20, in lemou^yellow crystals by allowing a somewhat dil. sob. 
of mercurous nitrite to evaporate spontaneously in a shallow dish for 2 or 3 days. 
This salt effloresces when kept in a desiccator over cone. Bul])huric acid. T. H. Hollaiirl 
found that ciystals ore triclinio. P. G. Ray said that the action of water is similar 
to its efiect on the anhydrous salt. B. Divers and T. llaga found that hydmjrn 
eulphide reacts with mercurous nitrite suspended in water, forming sulphur, nitric 
oxide, ammonia, hydroxylamiue, and mercuric sulphide; and wilh an excess of 
sulphur dioxide, mercuric sulphide, sulphuric acid, nilric oxide, and mercuric 
sulphide are formed. Accor(hng to F. G. Ray, sulphuric acid slowly develops 
nitrous fumes m contact with mercurous nitrite, especially when heated. Mercurous 
nitrite changes mto mercuric nitrite during the action of dilute nilric add on mercury. 
The hydrolysis of the mercuric nitrite is the soureo of the basic mercurous nitrates, 
for the mercuric hydioxynitriie readily reacts with mercurous m'frato reforming 
mercurous nitrite, and mercuric hydroxynitrato, IIO.IIg.NO2. There is a slow 
escape of nitric oxide daring the hydrolysis of mercuric nitrite, So long as any 
mercury lemams, mercuric hydroxynitrato forms with it meicurous hydroxynitrato, 
HO.Hga-NOa, 4HgN03+3Hg+Ug(N02)2+2H20=2N0+4(H0.ng2.N03). This 
salt separates only in combination with the normal nitrate. In a few weeks, all 
the mercuiouB nitrite dLsappears, and crystals of mercurous totrahydroxynilrato, 
Hg^o(^H) 4 (^ 08 ) 3 , separate out. If the temp, does not exc(Td 22 ^ for a time, 
these crystals are accompanied or preceded by those of mercurous hydroxytri- 
nitrato, Hg4(0H)(N03)3. F, G. Ray showed that cold concentrated nitric add has no 
immediate action on mercurous nitrite ; but, after a few minutes, energetic action 
sets m. If the mixture is heated immediately after adding the cone, nitric acid, 
a violent action begins, copious rod fumes are given off, and a clear sob. of mercuric 
salt is obtamod. If, after adding cone, nitric acid, a small quantity of water is 
poured m, action at once commences, nitrous fumes are evolved, and the liquid 
becomes bluish ; at the same time, a few globules of mercury separate, but dis- 
appear on waimmg the liquid, which contains both mercurous and mercuric suits. 
If, however, the salt be treat^ with cold, dil. nitric acid, the action is very slow, 
bubbles of gas being given off at mtervals ; it is only after the action has continued 
3 to 4 days that the salt dissolves, and colourless crystals of a basic mercurous 
nitrate, 3 ngN 0 ^. 2 HgOH, or Hg5(0H)2(N03)8, arc deposit^. When potassium 
nitrite is added to a sob. of mercurous nitrite, mercury is precipitated, and mercuric 
nitrite is formed. According to E. Abel, when mercury, mercuric nitrate, and 
3N-HNO3 shaken together, the cone, of tlie mercurous and mercuric salts 
in sob. are proportioxial to the cone, of the coircspouding ions, and at 25 ^, the 
ratio HgN(^ : Hg(N03)2 is nearly constant, 239 * 3 ; 1 . This is taken to prove 
that the two ions have the same valency and that the reaction takes place in 
accord with Hg'^-|’Hg=(Hg— Hg)", the mercurnus ion consistmg of two atoms. 
Since the reaction with an excess of potassium nitrite and meicurous nitrite is 
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nsarly quantitative, most of the meiGurio ione pass into non-ionized mercuric 
nitrite, oi into a stahlc complex ; the meaBurements of H. Ley and H. Kiesel, 
Lowevei, show that mercaric nitrite is appreciably ionized in aq. soln. The 
measurements of B. Abegg and H. Pick show that with m^'rourous nitrite the com- 
plex Hg(N02)4-ion is formed. This corresponds with the salt K2Hg(NOjj)4— 
vide infra. The constant A;=r3-5x 10*13 f„r [IIg(N02)"J=]S(Hg]"[N0'Bl and 
therefore this complex is about five times less stable than the corresponding 
IlgCrV^^^- P. C. Ray found that sodium nitrite and mercurous nitrite give a 
precipitate of mercury, and mercuric nitrite is formed ; hot cone. soln. of mercurous 
nitrite and silver nitrile form a precipitate of silver and mercury— there is no loss 
of nitrogen, which remains entirely in the form of nitrite— in dil. soln. no silver 
was precipitated ; sodium chloride precipitales mercurous salts os calomel when 
added to a soln. containing mercurous and mercuric salts ; and F, C. Bay and 
P. Ni'cgi, and P. N6ogi and B. B. Adliicary studied the action of the alkyl iodides 
— cw/e supra, 

J. Lang was of the opinion that normal mercuric nitrite, Hg(N02)2, not 
he prepared ; he tried to make it by evaporating the filtered soln. resulting from the 
interaction of mercuric chloride and silver nitrite, but obtained only a basic salt. 
P. C. Kay hliowed that the failure is here due to the decomposition of the mercuric 
nitiitc when evaporated on a water-bath. If cone, in vacuo over sulphuric acid, 
till' normal halt is readily obtained in tufts of fine needles. H. Ley and H. Kissel 
obtained it in aq. soln. by the artion of silver nitrite on an aq. soln. of mercuric 
rliloride. P, C. Ray obtained it by the hydiolysis of mercurous nitrite os indicated 
above — al)out 22 per cent, escapes the hydrolysis. He also obtained it among the 
products of the action of dil. nitric acid on mcTcury-^ule supra. If mol. proportions 
of cr3'stalfl of bilver nitrite and mercuric chloride are rubbed together with water 
111 a mortar, bo as to form a paste ; shaken up with more water ; and then evaporated 
in vacuo over sulphuric acid, pde, yeUow, nuedlc-likc crystals of mercuric nitrite 
are formed. Mercuric nitrite is not btable in dry oii ; even in vacuo, over sulphuric 
acid., at ordinary temp., it gives off nitrous fumes, forming a white basic nitrate ; 
tlic salt may remain for a long time in vacuo without change, but once decomposition 
has started, it cannot be arrested. The salt fuses with intumescence at 95°, and 
nitric oxide is at first evolved, and finally roddish-brown fumes appear. It was 
assumed that at 100°, the mercuric nitrite breaks up in two ways : IIg(N02)2 
— UgO+NBOj; and Hg(N02)2^ HgNOs+NO. In a general way, P. C. Ray 
ciirisiders that the greater the at. wt. of the clement, the more pronounced the colour 
of llic nitrites of the first and second groups in the periodic system. Mere uric 
nitrite is a jironounced yellow, magnesium mi rite is nearly white ; barium nitrite 
likewise is more yellow than caleium nitrite. Wlien exposed to air, mercuric nitrite 
blowly liquefies and gives off nitrous fumes ; it dissolves only partially even in 
boding water, the larger proportion decompobiug into mercuric oxide and mtrous 
aeid. The aq. soln. has on acid reaction. 11. Ley and II. Kissnl, and P. C. Hay 
and N. T)har, measured the mol conductivity, ju, of aq. soln. of normal nicrcunc 
nitrite. The Ia1 ler found at 20^^ for soln. with a mol in v litres : 

w ... 17 153 459 1377 4131 

M . . • 516 lUJS 14 13 34-6] 83 32 

n . K.iy and B. C. Muklicrjee found the degree of ionization to be O'll for a mol 
of the salt in 32 litres. P. 1). Kay and N. Dhar found that if the aq. soln. be kepi 
in a closed vesanl for some time, some of the mercuric nitrite forms mercurous 
nitrate and a basic salt is formed ; thus in 3 weeks, a soln. of sp. gr. 1'0C5 contained 
mercuric : inorruroua mercury as 13'7 : 1. P. C. Kay and N. Dhar found that the 
conductivity measuremeuts of aip soln, of mtTCurous nitrite agree with the assump- 
ti nil that a complex Hgji(N02)'B-ion is present ; tJiia corresponds with mercarosic 
Wtrite, HgN02.2Hg(N02)2' For a dilution o- lli?, A- 62*33, and when v=^601, 
A^-tiO'lO. With (U. soln., hydrolysis occurs. If the aq. soln. be sealed up in an 
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evacuated tube, the salt is not decomposed. When treated Trith alkali-lyei the 
solid salt forms mercuric oxide and alkali nitrite ; and with sodium sulphate, 
the aq. soln. does not precipitate mercuric ozysulphate. P. C. Bay and 
8. C. Mukherjee estimated the degrees of ionization for ^utions v=G4*8 and 135*2 
litres, respectively 1-82 and 1-77. 

The basic mercuric nitrite obtained by J. Lang — eidn supra* had the composition 
3HgO,N|OfJ‘i2t)i and from the work of P. C. Bay, this product was probably a mixture. 
By ovaporating an aq. soln. of mercurous nitiite, P. 0. Bay reported that two mereurosic 
hydroxyultrites are fonned after the Holn. has deposited the tricJinic prisms of homiliydrated 
mercurous nitrite. The next crop of crystals appoara as small, orougo noduloa with the 
DompoBiiion 91ig|0,4Jdg().5N2U]|.HlI|0, and afterwards deop yellow clusteis of needles or 
feat liory tut ts appear, tln^ir roiupositioii is given as VI gg 0. 211 gOJ^iO ,.211,0. Later on, 
P. C. Kay show'tnl that these salts are rosily mcrcurobio hydroxynitiates respectively, 
(Hg0)(110.£lgs,N0|)s, and (llgOj(KO.Ug.N 03 )(IlU Jig, NO,). After these ofystals have 
deposited, there then appear ihm scaly crystals with a faint yellow tint, which, wlion 
dried over biiljjhunp acid, Imvo the compusition 1211g0.5N,0,.24H|0, or menuric 
hydroxynltrite, r)lig(N0,)j.7[lg(01L), 17H,0. 

J. Lang, C. F. Bammclsbcrg, and A. Fuck prepared what they regarded as 
potassiiim mercuric tetranitrite, 2KNO2 Hg(N02)2> hy cvajioratmg the clear yellow 
Buln. obtained by mixing mercuric nitrate wilh an excess of potassium nitrite, and 
drying the product in air or at lOO'". F. 1). Itay obtained it by grinding mercurous 
iiitnie aud potassium nitrite to a paste with the least possible quantity of water, 
adding more water, and evaporat'ufig the filtered soln. in vacuo over sulphuric acid. 
The pale yellow plates and prisms so obtained, according to A. Fock, belong to the 
rhombic system. They arc very soluble ui water, and P. C. Bay and N. Dhar 
found that the uiol. conductivity, p, of sola, with a mol of the salt in v litres of 
wattT, at 2(1°, is : 

V . 17 51 153 459 1377 4131 

p , lbO-6 218-0 242-11 271-0 300-0 312-15 

and a comparison of the results for the individual salts are in agreement with the 
assumption that the complex ion is formed. P. C. Bay and 

8. C. Mukherjee estimated tlio degrees of ionization for dilutions t;~7-2 aud 60-4 
litres, to be rebpectively 1-26, and P58. J. Lang said tliat the salt is insoluble 
in alcohol; the aq. soln. has a neutral reaction, and can be boiled without 
change ; aq. ammonia gi\es a pale ypUow precipitate with the aq. soln., and 
the colour changes to white on washing. According to A. Bosenheim and 
K. Oppenheim, this salt is really hydrated potassiam mercuric pentanitrite, 
3KN02.Hg(N02)2.H20, which they prepared by treating dry mercuric nitrate with 
a very conr. solii. of potassium nitrite, filtering oil the separated mercuric oxide, 
and crystallizing. Y. Kohlschiitter formulates the salt |Hg(N02)5H20JEg ; and 
prepared it by allowing a mixture of dry mercuric oxalate and a very cone. soln. 
of potassium nitrite to stand for some time. P. C. Bay also prepared this salt ; and 
P. C. Bay and B. C. MuLIicrjee estimated the degree of ionization to be 1-48 for a 
dilution v^23 litres. H. Topsoe, A. Fock, P. Gruth, and A. Sachs have described 
the prismatic or tabular crystals. The rhombic bipyramids have the axial ratios 
a ; h ; c— 0-8671 : 1 : 0-7616, and arc feebly doubly refracting; the optic axial 
angle 2//—!)2°10' for Li-lighi; 92° 20' for Na-light; and 91° 30' for Tl-ligbt. 
V. Kohlschiitter found that the crystals do not lose their combined water in vacuo 
over sulphuric acid ; and do not lose weight when heated for an hour at 100° ; they 
melt at about 125° without decomposition. According to A. Bosenheim and 
K. Oppenheim, the salt can be lecrystallized from water without change ; they 
obtained crystals of potassium mercuric trinitrite, KN02.Hg(N02)2i by evaporating 
the mother-liquors obtained in the preparation of the pTccedmg salt ; and also from 
aq. soln. of the component salts with a small excess of potassium nitrite. The 
salt decomposes in aq. soln. F. C. Bay and J. N. Bakshit made sodium meicurio 
nitiite, without studying its composition ; and P. C. Bay obtained sodium meicuriQ 
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heptanitritef 3NaN02.2Hg(N0s/2i ^7 rubbing a mixture o( mBrcuroua nitrite and 
sodium nitrite in a mortar using as little water as possible , adding more water ; 
and evaporating the filtered soln. in vacuo over sulphuric add. The pale yellow 
plates and prisms are soluble in water and the aq. soln. has a mol. conductivity 
of 229'35, 250'0, and 266*72 for soln. with a mol in 100, 300, and 900 
litres respectively. Hence F. C. Ray and N. Dhar infer that the salt ionizes, forming 
two Na'-ions and the complex ion ng(N02)' 4. F. C. Kay also obtained crystals of 
dihydrated sodium menmric tetranitrite, 2NaN0j.Hg(N02)2.2H20, in a similar 
way to the heptanitrite, but A. Rosenheim and K. Oppenheim said that the salt is 
anhydrous. Hot water decomposes the salt with the separation of mercury and 
mercuric oxide. F. C. Ray obtained crystals of ietrahydreated lithium meiourio 
hexailitrite» lLiN02.Hg(N02)2AH20, by the process employed for potassium mer> 
rurir tetranitrite ; and the mother-liquor gave crystals of hydrated lithium meieuric 
trinitritei LiN02.Ilg(N02)z-H20* F. Ejihraim prepared potassium copper mercuric 
ocforfilwoteiranit7ite, E2[Cu(N02)4.HA0J2K2[IIg(l4.H20], in thick black prisms 
which may be a solid soln. or a mixture. F. C. Ray prepared barium mercuric 
heptanitlite, 2Ba(N02)2 3Hg(^02)2-5n20, by evaporating under reduced press, 
over sulphuric acid, a soln. of the compuneni sails. The ilry salt is stable in a 
desiccator, but if not well dried, nitrous vajioura may be given off. F. C. Ray and 
S C. Miikherjee estimated the degree of ionization to be 3-34 for a dilution 
V— 126-0 litres. F. C. Ray also made strontium mercuric heptanitrite, 
2Sr(N02)2.3Ug(N02)2>5Il20, and calcium mercuric heptanitrite, 2Ca(N02)2- 
3lIg(N02]2-6H2^i iu a similar manner. F. C. Ray and S. C. Mukkerjee estimated 
that for a dilution v=i2-l litres the degree of ionization for the calcium mercuric 
salt IS 1-86. 

r. C. Ray 8 baa prepared dimercuriammouium nitrite* NHg2N02, or, as 
E. C Fianklin prefers to represent it, Hg:N.Hg.N02, mercuric mercuriimidunitrite. 
Aeeording to F. C. Ray and A. C. Ghosh, when dried at 95^ it retains about half a 
mol of water. E. C. Franklin represented the composition of the Jiemihydrate by 
110.IIg.Nn.Hg.N02.ng2^‘^02> K. A. Hofmann and E. C. Marburg, and 
Pj. C. Franklin prepared a numohydrtUe which the latter represents by the formula 
II()Hg.NH.HgN02. F. C. Ray prepared this salt as follows: mercurous iiitrita 
IS arted on by water so as to obtain a soln. of mercuric inerL'UTUU.s nitrite, which is 
then changed to one of mercurio-s odium nitrite by careful addition of just enough 
snduim chloride. Another and better way of preparing mercuric-sorlium nitrite 
soln. is to dissolve mercurous uitiite in a concentrated soln. of sodium nitrite, 
when liolf the mercury separates as metal. To the mercuric-sodium nitrite soln., 
filtered from the mercurous chloride dil. ammonia is gradually added until in slight 
excess. A crcam-colouied, flucculont, but somewhat dense prerijiitate is produced, 
which is washed on a filter by aid of the suction-pump. Being slightly decomposed 
in the stcam-ovcn, it has to bo dried over sulphuric acid, and as it then collects into 
compact lumps, these are broken up and again exposed in the desiccator in order 
to facilitate the drying. The dry salt is pale yellow. When heated in a bulb-tube, 
the salt decomposes without fusing, giving off nitrous fumes, mercury, and water, 
and leaving a yellow residue — ^mostly mercuric oxide ; and it gives most of its 
nitrogen as ammonia when heated with 20 per cent, potash-lye. F. C. Bay and 
A. C. Ghosh said that by analogy with the other dimercuiic-ammonium salts, 
it might be anticipate that the nitrite would decompose : 2NHg2N02 
=N2+2Hg-|-2HgN02, and that the mercurous nil rite so formed would yield its 
ow products of decomposition. The temp, of decomposition is near 140°. Ritrooa 
acid was found among the products of decomposition. They consider that the 
decomposition occurs in about four directions simultaneously; (i) NHg2N02 
=N,+2HgO: (ii) NHg2NOj=N,0+HgO+Hg: (iii) NHg,NOB=Ng+2Hg+0,; 
ftnil (iv) 3NHg2+3N02=Hg(N0s)2+2N2-k5Hg. The nitrite can be converted into 
chloride, bromide, or nitrate. 

The nUritea of lortm, aluminium^ gaUium, and indium have not been reported. 
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F. Vogol B piopared thaflaiis nitrites T1N0£, by inixing oq. propoitioiui of aq. solo, 
of the coinponejit saltH, aiul evaporating the Utrate on a watci-batlh ThoycUow 
crystalline mass is solnble in water, but not in absolute alcohol. Crystals of the 
salt arc precipitated from its aq, suln. by dcohol. The salt docs not change in 
weight on heating at 140^ ; but V. Thomas found that at a higher temp., it decom- 
poses into thallous oxide and nitrogen oxide. W, C. Ball and U. 1[. Abram prepared 
thallium nitrite from a soln. of barium nitrite and thallous chloriile. The evapora- 
tion of the liquid over sulphuric acid, or on a water-bath, furnishes a deep oiango- 
red, cr^talline mass. The salt readily fuses without decomposition ; it is more 
soluble in water than the nitrate. L. Holla and G. Belladon observod that thallous 
nitrite has a sp. condurtivity below that of the nitrate, and undergoes normal 
ionization. The e.m.f. of the cell Tlan^ni 1 0-liV-TIN02 with the normal electrode 
is 0*667 at 25‘’, and the same value is obtained if the nitrate bo replaced by the 
nitrate. They obtained no complex salts with potassium nitrite and thallous 
nitrate. V. Cuttica found that the thermal behaviour of fused mixtures of thallium 
nitrite and nitrate excludes the formation of coinplcx(*s. The two salts form an 
unintenupted senes of solid sohi. V, Cuttica atid A. Faciello observed that in 
aq, soln., thallous nitrite, like the alkali nitrites, is highly ionized, and the salt shows 
no tendency to form either complex or double nitrites; with cupric nitrate, thallous 
nitrite forms fhallous copper iiitrite» or thalUms cuprimtrite, Tl3[Cu(N02)5j, iu 
opaque, black, rounded crystals. This yields a pale green, aq. soln., and is dei um- 
posed by dll. acid, with formation of a blue sob. and lib(*ration of nitrous acid. At 
the ordiuar}* temp., both the sobd salt and its aq. sob. are stable. In order to tiaee 
the displacement of the equilibria produced in sob. of cupii-nitrous complexes by 
variation of the relative cone, of the components, conductivity measurements have 
been made on sob. containmg cupric chloride and baiiuni nitrite in difJerent 
proportions. The conductivity-composition curve shows two inflexions, due to the 
appearance nf two complexes coirnspoiiding with the ions, [Cu(N02) ] and [Cu(N02)2]. 

G. Canneri found that the treatment of a suspension of thallium sesquioxide m water 
with liquid nitrous anhydride, and subsequent evaporation of the sob., even in the 
cold under reduced press., yields, not thallic nitrite, but thallous nitrate. The latter 
is also obtained when sob. of thallic sulphate and barium nitrite are mixed m thi' 
cold, and the resulting liquid evaporated at low temp. That fhallic nitrite is 
capable of existence in sob., altbough it cannot be obtained iu the solid condition, 
is shown by the analyses and properties of the sob. The treatment of an aq. sub. 
of thallic nitrite with alcohol yields a precipitate of the scqiiioxidc. fn ethereal 
sob., thallic nitrite is far more stable, and tlic salt separates b the solid state on 
evaporation of the solvent ; it could not, however, be analyzed directly. Decom- 
position of thallic nitrite, with formation of thallous nikate, takes pl.icc solely 
in accordance with the equation T](N02)2->T1N0^-|-N203, neither intermediate 
reduction products nor thallous-thallic complex compounds being formed. 

F. T. Freriehs and £. F. Smith obtabed didymium mtrite in aq. sob. as a (lark 
brown viscid liquid. G. Kriiss and A. Loose attempted to prepare ytinum and 
vmum nilritrs and to use the result as a means of scjiaration of Itic earths. 

G. T. Morgan and E. Cahen obtained cerons nitrite contaminated with a small 
proportion of hydroxide by mixing eq. proportions of cold aq. sob. of ceioiis 
sulphate and barium nitrite. The pale yellow sob. was evaporated over potansiuiu 
hydroxide in vacuo. The scum of basic nitrite was removed by filtration, and the 
yellow filtrate, when further concentrated, deposited yellow crystals. The salt 
is unstable, and evolves nitrous fumes at ordinary temp. ; it is decomposed by 
warm water. The sob. yields basic nitrites when treated with alcohol. V. Cuttica 
and F. Gallo prepared the triple salt ammonhim copper oerons nitrite, 
15NH4N02.40u(N02)2.3Ce(N02)8, m black crystals which form a green soln. 
with water; pot^um OQPper oefOTis nitnte, 12EN02.4Chi(N02)2.Ce(N0o)3, 
and fhallimn copper cerons nitrite, 5TlN02.3Cu(N02)2.Cle(N02)3. U. Erdmann, 
and L. Fissarjewsky found that sodium and pot^ium mtrites precipitate 
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thorinm hydroxide from thorium salts; titanium and zirconium aaUs behave 
similarly. 

No Hn nitrile has been reported. J. L. Proust prepared a lead nitrite by the 
aetioii of metallic lead ou a soln. of lead nitrate ; and A. Thiel and L. Stoll showed 
that at 25'^ about 40 per cent, of the nitrate forms nitrite, and some basic nitrates 
as well. The reduction proceeds further at and in the presence of ac(*tio acid. 
M. E. Chevreul, J. J. Berzelius, and E. Peligot prepared hydrated lead nitrites 
Pb(N02)2-n20, by passing a soln. of nitric oxide through a sola, nf the basic nitrite 
m hot water ; carbon dioxide was passed into the soln. to remove lead oxide, and 
the yellow filtrate was either evaporated spontaneously or under reduced press. 
J. Lang obtained it by double decomposition with a soln. of lead chloride and silver 
nitrite, and evaporating the dear soln. A. Chilesotii mixed theoretical proportions 
of soln. of load chloride and lead nitrite, sat. at 25° ; the soln. was cooled to —12° 
or —15° with vigorous stirring, and the clear filtrate evaporated to about one-sixth 
its bulk, and then allowed to stand in a desiccator over sulphuric acid. E. Miillei 
and II. Barck made tbo normal nitrite by the action of nitric oxide on lead dioxide 
at ordinary temp., or on red-lead at 200°. F. Sabatier and J. B. Senderens passed 
iiilric oxide into water in which lead dioxide was suspended. A. Thiel and L. Stoll 
found that by the action of lead on load nitrate soln. at 25°, about 40 mol. per 
cent, of the nitrate undergoes reduction to nitrite, part of which separates together 
with nitrate as basic salts. This reduction is more complete at 100° or in the 
pn^senoo of acetic acid. Conversely, lead nitrite soln. alone, or in the presence 
of lead, partially changes to nitrate with the simultaneous separation of basic salts. 
The latter change makes the preparation of pure lead nitrite very diflicult. The pure 
nitrite can, howcviT, be obtained by treating solid silver nitrite with solid lead 
bromide in the presence of a small quantity of water. The yellow tabular or 
prismatic crystals arc stable in air, but are easily decomposed. The salt readily 
diHsoWes in water, and the aq. solu. decomposes on evaporation. A. Chilesotti 
noticed that some nitrous fumes are evolved on evaporating the aq. soln. in vacuo 
at ordinary temp. The eq. conductivity, A, for soln. with an cq. of salt in v litres 
is, at 20° ; 

V . 10 a2 64 128 256 5]2 1024 

X . 69*4 72-3 85-5 98-9 lii-3 122-1 129-7 

The 0*lN-soln. is less ionized than a corresponding soln. of lead nitrate, and about 
the same as otic of load chloride ; cone. aq. solu. are worse conductors than those of 
lead nitrate or chloride. The conductivity increases ndtb time, prol)ably owing 
til a reaction : 3rb(N02)2+2H20=Pb(N03)2+2Pb(01I)2+4N0. In the abscuee 
of air, lead nitrate and hydroxide arc formed, the soln. becomes alkaline, and nitric 
oxide mixed with a little hydrogen is evolved. At 100°, equilibrium occurs when 
about 13 per cent, of the nitrite is transformed. If air be present, the decomposi- 
tion goes further. According to A. Chilesotti, if a solu. of 25 grms. of lead nitrate 
in 1-5 litres of water is boiled for 5 his. along wii h 3L grms. of lead, an orange-yellow 
precipitate of lead dioxynitrite, 2FbU.Pb(N02)2i Ib produced, and F. Peters, and 
C, Bromeis obtained a similar product by boiling the orange-yellow basic nitiito- 
nitrato ; and F. Peters, from the filtrate obtained in pre])arii]g some of the basic 
iiitTitonitratos. N. von Lorenz, and F. Peters said that the salt forms rhombic 
prisms which occur as masses or concentric tufts of needle-Iikc crystals. 

A number of other baaio nitritoa have been reported, but tliero is no proof of the ludivi- 
(luolity of theae baaio salia. P. Sabatier and J. B. Soiidorena inadu tiie same salt from the 
^In, obtained in thoir process of making normal load niliite; and K. Weinlaiid and 

Paul, by the ax*tion of a soln. of eodiuin nitrite on a boiling soln. of load oxychl orate. 
Thus, J, J. Berzelius, M. £. Chevreiil, N. von Lorenz, E. Peligot, A. Chilesotti, and F. Peters 
dteeribed 4PbO.N|0,.H,0, or iMd trioxydini^nte, 3PbO.Pb(BO,), 11,0, or 2PbO Pb(OH),. 
Pb(KO,)^ as a red powder. F. Peiors modo yellowish-brown crystals of 10rbO.3N ,0|.H|0, 
OP teod heptoxyhexmitrUe, 7Pb0-3Pb(N0,),.ll,0. or 6PbU.Pb(OH),.3Pb(NO*)a, and 
yolJowiHh-green oiystals of 7Pb03Pb(NOJ,.3H,Op or 4Pb0.3Pb(0H)..3Pb(N0,),j 
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A (liilBSotti, lead dioxs^tnUrUe, 2PbO rb(KO|)i H,0, or PbOPb(OH|Fb(NO|)i; 
N. von, Lorenz, riyBta^s of Uad henicoMorydoLonnitnte^ 21PbO llPb(NO|)t-H|Op or 
20PbO Pb(OH)|.LlPb[MOg)i; and C. Bromois, and A. I'hileBotti, lead oxydinUnUt 
Pb0Pb(N0|)|U|0, 01 rb(OH), PblNOJa, and the same Balt Mith an addition 0*5 or 
1 mol H jO 

J. J. Bcrrellua obtamed normid lead hexanitritodinitrate, 3 Pb(N 02 ) 2 *Pb(N 03 ) 2 . 
III 2 OP by adding enough sulphuric and to a soln. of 2Fh(01I)2 rb(N02)z Pb(N 03 )s 
to prpripitate half the lead, or by passing carbon dioxide through the aoln. so long 
as lead carbuuato is precipitated. Lemon-yellow octuhedra are obtained by 
evaporation m vacuo. M E. (^hevreul also prepared this bait, and observed that a 
crop of white needles appoared before the yellow octahedra. J. J. BerzchuSp 
M E. Chevreul, J NirLles, and A. Gomes regarded the salt as a chemical mdi\idual ; 
E Feligot, and A GLilrsotti, as a mixture. 

A. Stromeyer observed the formation of a yellow precipitate when an acetic 
acid Boln. of a lead salt is treated with potassium luintc N. W. Fischer, and 
W. Ham])e pn pared potassinm lead heptaoitrite, K3pb2(N02)7 (0 to)1-5ir20, by 
evapoiatiug a mived soln of lead nitrite or acitatc and potassium nitrite , needlc- 
hhe crystals sipaute from the soln m hot wai er , A. Chilesolti obtained it by mixing 
hot cone soln of 2 luuls of potassium nitnte and one of lead acetate, and washmg 
the prici[iitdte vilh alcohol ; and it ciystallires from a soln of lead ai (date and an 
excess of ]u)tassium nitrite The orange-yellow, six-sided. monorliiiic needles or 
prisms are stable 111 air W. Ilampe found them to be rcadil} soluble m water, and 
Ilbs Rtjliible m alcohol J. Lang prcpaied potassium lead tetranitrite* 
K 2 pb(N() 2)4 lljO by aporating a soln. of lead acetate and an excess of potassium 
nitiile , and hy the aitiouof an oxciss of potassium ml rite on a soln of kad nitrate. 
A. Cliilebotli also prepared the salt It furnishes orange yellow prisms, which aie 
readily soluble in water, but not in alcohol. The aq soln reaits neutral , there is 
a slight h}d] oh SIS when the arj soln. is evaporated , aq ammonia and potassium 
caiboiiate give white precipitates with a soln of the salt. 

A Chiltsiiiti ohiain(}d a bnhie bait, potassium lead oxypentanitilte, KNOsPbO 
2rb(NO()^, b} treating u solii of tlx iftrniiitntr UmkI bMiroMilc, oi by e\apoiatiiig 
an aq soln uf the t4 tramlrate M ll ila^o leportid potassium lead di^tritodlnltmte, 
2JvlsC)j I’li^TvOg] U 2 O, b> passing nitric oxida into a su]m rnatuidted boin uf lead nitrate in 
po1artli-l> 0 AN. jloldruin rtprubentod its oompusjtion K^PbtN Ot)s(N Og) H |C) J I<ang, 
and F Petiis lepuitod orange yellow piibnia of potolum 1^ ootoultritotetrultnio, 
l\.PbJ(^(),)g(NO,)4 3H^O. 

C. FrzibylU prepared the triple salt ammonium oopper lead nitrite* 
CuPl)(NIl 4 ) 2 (N 02 )e, by adding a soln. uf copper and lead mtntes to a soln. of 
ammonium nitrite and sodium nitrite. The product is a black, crysUlbne salt 
having a bluish, metallic lustre ; it is stable at the ordinary temp or when geubly 
warmed, and is very similar to the corresponding potassium salt. Like this salt, 
all the other triple nitrites contain GNO^. A H. van Lessen reporteil potassinm 
copper lead hexanitrite* K2CuPb(N02)s, or, according to F. Ejihraim, 
E 2 pb[Cu(N 02 ) 8 l, to be precipitated by adding acetic acid to a mixed soln of rupnc 
nitrate, lead acetate, and potassium nitrite The daik green cubic crystals ha\e 
a sp. gr. 3*34*) at If)**. 

F. von Oefcle^^ found that when uitrir acid acts on tellurium, using large 
quantities of material and a high column of liquid (not less than 50 cm i )> tellurium 
nitrite was obtained as a flesh-coloured precipitate, which could be dried at lOO** 
without dcGomjioaition. At higher temperatures it decomposes, leaving a residue 
of yellow toUunum dioxide. 0. T. Chkstensm^^ prepared a senes of bhromic 
nitritopentammines* [Cr(N02)(MH3)5]X2, or chrmw xantho-aaUs. For instance, 
ehiomic nitritopentamminochlo^ [C!r(N 02 )(NH 3 ] 5 ]Cl 2 , was obtained as follows : 

Twenty grams of chiomir LhloropentamminochlDride are treated with 300 o c. of water 
and a few drops of mine acid, and the soln is heated until all is dissolved 1 b is then loft 
at rest, and should any unaliored chromic ohloropentaiiiiiiinochloiide separate out, it is 
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filtered off and treated as before. To the aoln. of aquopentammiiioohloride 

obtained in this way 40 to 60 grms. of aodium nitrite and 26 o.a. of diL bydroohlorio acid 
are added, and the mixture etined, when a yellow crystalline precipitate of ohromio 
lutiitopentamniinochloride separates out ; this is collect^, waf»1ied wi& water and with 
alcohol, and dried at the ordinary temp. £n order to punfy it, the chloride is dissolved in 
water and filtered into a soln. of ammonium chloride ; the precipitated ohromio nitrito- 
pontamminoeblorido is collected, washed with water to remove ammonium ohlonde, then 
with alcohol, anil dried at the ordinary temp. 

Chromic nitritopentamminochloride is a yellow ciystalline powder composed oi 
microBCupic ociahedra ; it is more soluble in water than chromic chloropentammino- 
eliloride, and less soluble than chromic aquopentamminochloride. According to 
A. Werner and A. Miolaii, the mol. conductivity of soln. with a mol of the salt in 
V Klrcb of water at 25 °, is : 

V . . 260 600 1000 2000 

fi . . 221-0 230*3 2520 261*0 271*6 

0 . T. riiri^tejisen observed that the aq. soln. of the nitritopentamminochloride in 
acids liberate nitrou^i arid from it, and hydrochloric acid converts it into chromic 
rliloropi^ntammiiiochloridc. {podium hydroxide dissolves it, forming a soln. which 
jirobably cnniiiias chromic nUrUopetUamminohydroxuIe, and from which chromic 
hydroxide srparntes on boiling; ammonia is also evolved. Aq. ammonia has no 
action on chromic nitritopcTitanimiaochloridc. Cold aq. soln. of chromic nitrito- 
pcntamminochloride give the following reactions ; ( 1 ) With platinum chloride, a 
)e 11 ow crystalline prenpitatr eAmsisting of needles or prismatic crystals. ( 2 ) With 
liyilrogcu fliiosiliratc, no precipitate, bub the salt is decomposed. ( 3 ) With the 
(Imiblc chlonile of sodium and mercury, a yellowish^red crystalline precipitate. 
( 1 ) No precipitates with ferro- or ferri-eyanide of potassium. ( 5 ) With potassium 
cliiomate and dichiomate, beautiful yellow precipitates. ( 6 ) With sodium 
dilLioiiale, a yellow crystalline precipitate, consisting of microscopic needles, 
iieai tion is very characteristic for nitritopentamminochloride compounds. ( 7 ) With 
juitas'sium and anniionium chlorides, potassium bromide, iodide, and nilrate, 
lueeipilates are obtained of the chloride, bromide, iodide, and nitrate respectively. 
('hrf)iriic nitntopentamminochloride funiishes a complex salt with mercuric 
elilonde, [th(N0M)(NIl3)g]Cl2.2JIg(''l2, ft*id the nitnlopcntammine forms a bromide, 
iod]dp, nitrnfe, a inonuiiydiated sulphate, a monohydrated dithonate, carbonate, 
c/nomate, dichomaie, and a chi oroplal mate. 

Normal bismuth nitrite, Bi(N 02 ) 3 , is unknown. L. Vanino and F. Hartl ^3 
prepared bismuthyl nihntea Bi0(N02)4Il2^’ adding sodium nitrite to an aq. 
soln. of jiiaiimtol bismuth nitrate. The yellowish-white precipitate decomposes 
atiiivp 60 °, and reailily dibsolvcs in hydrochloric acid, forming a dear soln. on 
diiiitinii. 

W. U. Ball pre]mred potassium hffzanitritobismuibitei or potassium bismuth 
nitrite, K3Bj(N02)b-H20, in orange- or golden-yellow plates, by precipitation on 
mixing couc. soln. of bismuth and potassium nitrites, with exclusion of air as far as 
l>raeticablc. Tlie salt cannot be kept without decomposition more than a few days. 
W. C). Ball and H. H. Abram prepared rubidium hexanibitohismuihite, or potassium 
huniuth nitrite, Bl> 3 Bi(N 02 )B. 21 l 20 , in a similar manner. The orange-yellow plates 
arc li^ss stable and less soluble than those of the potassium salt. Under similar 
conditions, caw rinm or ctEsium bismuth nitrile, 

t!83lli(NO2)0.Bi(NO2)3, or C83Bi2(N02)9, appears in place of the hexanitrito- 
blsmuthitc. The golden or orange hexagonal plates look like lead iodide. Under 
similar conditions thsUous heptauitritobismuthitet or thalltfus bismuth iiitrite, 
T13Bi(N02)b.T 1N02.H20, is formed. The crosium salt is the most electropositive, 
and it needs an extra molecule of bismuth nitrite, while the thallium salt is the 
most electronegative, and it needs an extra molecule of thallous nitrite. 

W. C. Ball and H. II. Abram prepared a eeries of mixed salts of lithium nitrito- 
bismutbite. Thus, if 5 grms. of ammonium nitrate in 10 o.e. of water are added to 
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a mixture ol 16 e.e. of a 90 per cent. Boln. of lithium nitrite and 4 c.c. of bismuth 
nitiatei cooled to O'*, a yellow crystalline preripitate of ammonium lithium heza* 
nitritobiamuthite, (NIl4)2LiBi(NOij)0.n2O, is formed ; it decom]jOfleB when kept a 
few days, and it is hydrolyzed by water ; yellow, octahedral crystals of potassium 
lithium hezanitritobismuthite, are produced in a similar way. The 

salt is quite stable, its sp. m. is 3*21 at 15 °, and it is easily hydrolyzed by water ; 
similarly with rubidium lithium hezanitritobismuthite, RbnLiBi(N02)Q, which 
forms stable, yellow, octahedral crystals less soluble than the potassium salt; 
with emsium liUiium hezanitritobismuthite, Cs2LiBi(N02)B, in stable, yellow ci^stals 
less soluble than the rubidium salt; and with thallous lithium hezanitritobis- 
muthite, Tl2LiBi(N02)B) in stable, pale brown, probably octahedral crystals sparingly 
soluble in water. By adding a soln. of silver nitrate to a soln. of ammonium 
nitrite containing bismuth nitrate, or better, by adding to an aq. soln. of sodium 
nitrite first bismuth nitrate and then silver nitrate, and treating the liquid with 
ammonium nitrate, a red crystalline precipitate of ammonium silver bezanitrito- 
bismuthite, (NIl 4 ) 2 AgBi(N 02 )Bj is formed. The salt is solnbln in water; is 
hydrolyzed by water ; is fairly stable at ordinary temp. ; but when dry ozplodes 
feebly when rubbed in a mortar. W. C. Ball and H. 11 . Abram also prepared 
potassium silver hezanitritobisintitliite, E2AgBi(N02)Bi in orange-red, ortahedrul 
crystals less soluble than the ammonium salt ; rubidium silver hcxanitritobismulliit e, 
Kb2AgBi(NOo)B, in stable orangc-yclIow, probably octahedral crystals, which are 
sparingly soluble, and hydrolyzed by water ; ra^sium silver hezanitritobismuthite, 
( 38 oAgBi(N 02 ) 6 i in pale yellow, sparingly soluble crystals, slowly decomposed by 
water ; blackened in light ; but stable in darkness ; and thallous silver hexanitrito- 
bismuthite, Tl2AgBi(N02)B, as a stable, red crystalbne powder, very sparingly 
soluble in water, and slowly hydrolyzed by that menstruum. A stable yellow 
unmomnm sodium hezanitritotii^iithife^ Bi(N02)3.2(NIf4)N02.NaN02, or 
(NH4)2NaBi(N02)6s crystallizing in ociahedra, is obtained by dissolving bi^ninth 
nitrate in a cone. soln. of ammonium nitrate, and adding the resulting lirpiid to a 
sat. soln. of sodium nitrite at 0 °, and acidified with nitrous fumes ; similarly with 
potassium sodium hexauitritobismuthite, K2NaBi(N02)B, an unstable yellow, 
crystalline powder, which is hydrolyzed by water ; rubidium sodium hezanitrito- 
bismuthite, Iib2NaBi(NOn)B, os a yellow crystalline powder; cirBium sodium 
hezanitritobismulhitc, C82NaBi(N02)Bi and thallous sodium hezanitritobismuthite, 
Tl2NaBi(N02)8» in large, honey-yellow crystals which are fairly stable and slowly 
decom])oscd at 100 °. The nwmhydrale was also prepared. W. C. Ball reported an 
unstable, yellow salt, probably ammoninm so^nm bismuth nitratonitrite, 
Bi(N02)3.2(NH4)N02.(1^4)N08.NaN03, to be precipitated by dissolving bismuth 
nitrate in a soln. of sodium nitrite, and pouring the resulting orange-coloured liquor 
into a sat. soln. of ammonium nitrate at 0 °. For complexes with nickel, vide 
infra. F. Ephraim prepared cffirinm copper lead hezonitrite, Cs 2 Pb[Cu(N 02 )B]i 
in black, microscopic crystals, sparingly soluble in water. L. Kolia and G. Belladen 
obtained some complex salts from soln. of lead nitrate and thallous nitrite ; and 
V. Guttica and A. Paeicllo prepared thallom lead nitrite, Tl2?b(N02)4.]l20, from 
soln. of lead acetate and thallous nitrite, evaporated in vacuo. The orange-red 
crystals are more stable than lead nitrite, and the ar][. soln. on heating separates 
lead hydroxide. 

J. A. Arfvedson^^ said that uranyl nitrite is formed when urouyl nitrate, 
U 02 (N 08 ) 2 . 6 H 20 , is heated ; at a dull red heat, uranosic oxide is formed. The 
work of W. 0 . dc Coninck makes this statem(’iit somewhat doubtful. 

According to C. J. B. Karsten,i 5 wlien small quantities of hydrated manganic 
dioxide are treated with nitric oxide in the jiieseuce of water, manganous nitrite, 
Hn(N02)2, is formed : while with large quantities, manganous nitrate is formed. 
E. Mitschcrlich, and J. Lang showed that when an attempt is made to concentrate 
the soln., hydrolysis occurs, and hydrated manganese dioxide is precipitated. 
Keither leililQS nitrite nor hrrio nitrite has been prepared ; but C. Przibylla 
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obtained some triple ealts. Thus, a bright yellow precipitate wbioli is apparently 
a mixture of salts is obtained on mixing equivalent quantities of ferrous chloride, 
barium chloride, and potassium chloride with the necessary quantity of sodium 
nitrite ; by varying the proportions of the metallio salts, various mixtures of salts 
arc obtained. A compound of the formula FeBaE2(N02)B) POtassium barium icon 
nitritOi is obtained by mixing a soln. of ferrous chloride, [12-6 c.c. (1 o.c.=0*1943 
grm. Fe)], potassium chloride (13 gnus.), and crystallized barium chloride (22 
grms.) in 120 c.c. of water with 100 c.c. of a solo, of sodium nitrite (10 o.c.=6 guns, 
sodium nitrite) ; the precipilatc is quickly separated by filtration, washed with 
alcohol, and dried at a j;entle heat. Yellow to reddish-yellow precipitates of 
potassiam strontiimi nitrite, and potassium caldom nitrite containing the three 
nitrites, arc obtained in a similar manner to the above salts ; but they contain 
varying proi)orlinnB of each nitrite according to the relative amounts of the con- 
stituents employed. The author was unable to obtain a compound to which a 
simple formula could be assigned. The corresponding ammonium salts of iron 
nitrite can be obtained in a similar noanner by employing small quantities of the 
ronstibueuts for each exiioriment ; they are very similar to the potassium salts. 
Iron lead potassiam nitrite is obtained on adding a soln. of ferrous and lead 
nitnites to a soln, of potassium nitrate and sodium nitrile as a heavy, reddish- 
ycUuw precipitate ; this, after being washed by decantation with water, and then 
on a filter with alcohol, is an intense orange-yellow powder, insoluble in cold water 
and stable at the ordinary teln])[>ratun^ 

J, W. Ham])e, and C. F. Rammelsberg obtained a dark brown or a 

dark red soln. by mixing a soln. of barium nitrite and cobalt sulphate ; it is thought 
tliat cohalious nitrite is present ; when the soln. is evaporated, some nitric oxide is 
gi\en oIT. W. Hainpe considered the rod solid product is oobaltosic nitrite. 
W. K. E. Hndgkinhon and N. £. B. BoUalrs said that aq. ammonia exposed to air 
dissolves metallic cobalt, forming a nitrite ; and G. Matignon and 6. Dcsplantes 
observed that the metal is oxidized under thrso conditions. C. Duval obtained 
cobalt nitrite by the action of sodium or potassium uitritp, in the presence of 
ammonium acetale, on cobalt acetate, using ammonia, alcohol, or acetone as 
solvents. It is yellow and slightly soluble in water. During the evaporation 
of the reddish-brown soln. of cobaltous nitrite, some small dark brown crystals 
which formed were considered by J. Lang to be cobaUic niiriie, and by W. Hampo, 
basic cobaltic nitrite. According to A. Rosenheim and I. Koppol, when nitrous 
acid is added to a suspension of cobalt carbonate in water, a brown soki. is formed 
from which, on evaporation at ordinary temp., dark brown crystals of cobaltous 
nitrite are obtained along with crystals of cobaltosic oxyhexanitritodinitritei 
2 Co 0.2 ('li(N 02 )j.Go(N 03)2.H1I20. There is therefore no satisfactory evidence 
that moderately pure cnhallous or cobaltic nitrite has been isolated. L. Ic Boucher 
treated a soln. of cobalt nitrate in pyridine and water with sodium nitrite at 0° ; 
in an atm. of hydrogen, a light red cobaltous tripyridinonitrite, Co(N02)2-3C5H5N, 
was obtained. By crystallization from pyridine, dark red crystals of cobalt^ 
bexapyridinonitrite, OoINO^Is.OCqHsN, were obtained. Both compounds were 
liydrolyzed by water. The latter compound was readily oxidized in air, mixed 
crystals of the nitrate being formed. 

0. L. Erdmann reported potassiam cobaltous fetranitrite, R2Co(N 02)4, or 
6E0n.3Cu3(N02)2, to be separated as a yellow crystaOino powder when soln. of 
cobaltous chloride and an excess of potassium nitrite are mixed. No oxygen is 
absorbed from the ait during its formation, and 0. L. Erdmann, and S. F. Sadtlcr 
Used an atm. of carbon dioxide. The salt was also prepared by A. Strnmeyer, and 

D. Braun. The salt is insoluble in cold water, but soluble in hot water, forming 
c* red soln. It forms a violet soln. if potassium acetate is present, containing 
cobaltous salts. The salt decomposes when heated. C. D. Braun said that 
cobaltic hydroxide is precipitated when the soln. is boiled with potash -lye. 
0. L. Erdmann said that the cobalt is not contained in the salts as a base in the 
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ordinary sense of the mrd. C. D. Braun supposed that the cobalt is present as 
sesquioxidc. C. W. Blomstrand has discussed the constitution of the salt. Vox 
potesdum Dobalt dlammincitrtranitrite, E[Co(NH3)2(N02)4], tndc injra. 
S. F. Sadtier obtained black or dark green cubic ciyst^ of KCo(N02)2 iU20, 
potassiiim cobaltons dinitrite, by mixing a dil. soln. of potassium nitrite and a hot 
Boln. of cobaltous chloride ; and the mother-liquid furnishoB a yellow flocculcnt 
precipitate of potasdnm oobaltoos trinitrite, K2Co(N02)2 ll20. The same salt 
was made by mixing hot cone. soln. of potassium nitrite and cobnltous chloride. 
A. Rosenheim and I. Koppcl made potassium oobaltio oxyoctonitritai 
Na4Co2(N02)80| by the method indicated below for tlie sodium salt. 

Arcording to G. C. Williamson and P. Bcrckman, aureolm, or cobalt ydloie— a 
double nitrite of cobalt and potassium— was first used as a pigment about 1800, 
and possibly a little earlier. N. W. Fischer made potassium cobsltic nitrite, 
K8Co(N02)e.HIl20| as a yellow powder, by mixing an acidified soln. of cobaltous 
chloride with potaRsium nitrite. E. St. Evro, and A. Stromeyer prepared the salt 
in a somewhat similar w^ay ; and the former also treated with an excess of potassium 
nitrite the blue precipitate obtained by adding potassium hydroxide to cobaltous 
nitrate ; the same salt was obtained by treating the precipitate and mother-liquor 
with nitric oxide. A. Rosenheim and I. Koppel made the salt by suspending 
freshly precipitated cobaltous chloride in a small proportion of w^ater, adding llii' 
calculated quantity of potassium hydroxide, carbonate, or nitrite, and then mixing 
the mass with nitrous acid until the cobalt carbonate is all dissolved. Thf* 
analyses of the salt— by 0. L. Erdmann, C. 1). Braun, S. F. Sadtier, M. Cunningham 
and F. M. Perkin, A. Stromeyer, and E. St. Evro— are not veiy concordant. 
C. W. Blomstrand, and A. llosenbeim and I. Koppel discussed the constitution of 
the salt. While A. Werner represented the constitution of the three series of 
complex cobsltic nitrites by [Co(N02)fllM's ; and f0o(NO2)3X3l, 

A. Rosenheim and I. Koppcl represent^'J them graphically as derivatives of ortho- 
nitrous arid, N(0 H)h •* 

,O.N-U,-JJ.OR' Oil n.N 

Oof 0.N=0,-N.0R' Co^ O.N^O, - N.OR' Co 0,N J! 

O.N-0,-NOR' 'O.N=0,=N.OR' O.N " 

The yellow crystals consist of four-sided prisms. C. D. Braun fouinl I hat the salt, 
dried at 4U'' G0°, does not change in weight at HX)'', but at 20(t^ it loses about 
23*73 per cent, in weight. According to E. St. Evre, when the salt is heated in a 
sealed tube, it becomes orange-yellow, and melts, giving oil water, nitrogen per- 
oxide, and nitrous acid, and leaves behind a mixture of cnb.i1t scsquioxide and 
potassium nitrite. If heated in dry carbon dioxide, nitric oxide and nitrogen are 
also formed ; in hydrogen, acid vapours, and ammonia arc produced ; the residue, 
with water, yields cobalt, and an alkaline liquid containing some cobalt. The salt 
potassium cobaltic hexanitrite is sparingly sululde in colil water ; T. Roseiibladt 
said that at 1 7°, 1000 parts of cold water dissolve 0*393 part of salt. The salt is 
decomposed by hot water with tho exclusion of air, forming nitric oxide ; if air be 
present, nitric fumes arc evolved and the L'quid becomes alkaline and rose-red, 
forming ordinary cobaltous and potassium nitrites. A. Rosenheim and I. Koppel 
said that when boiled with water, tho salt dissolves with tho evolution of nitric 
acid, and the evaporation of the soln. furnishes a mixture of red and ycUnwish- 
brown c^stals which cannot be separated. E. St, Evre said that the salt is not 
soluble in alcohol or ether, and only a trace dissolves in carbon disulphide. 
M. Fieirat found that with soln. contmning the following percentage amounts of 
alcohol, the solubilities, in grams per litre, were : 

Alcohol . . 04*7 42‘4 27’3 15-9 8 7 0 per cent. 

Solubility . . 0-026 0-033 0-036 0-066 0 09 0-21 

A* Stromeyer found it to be insoluble in cold or hot of fairly concentrated soln. 
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of potasainm salj^hate^ chloride, nitrate, or acetate ; but in a eob. of eodinm or 
ammoninm chlonde it is more soluble than it is m water. E. St. Evre found that 
chlorine does not decompose the salt in tiis cold, nor does cold hjdrochlorio or 
nitric acid disHolre the salt, but when heated the salt ts decompoeed with the 
evolution of red vapours. Hydrogen sulphide attacks the salt suspended m water, 
very slowly; but ammonium sulphide very quickly forms a black suipbde. 
According to C. D. Braun, a boiling sob. of sodium hydrophosphato decomposes 
fbe salt with the separation of a blue precipitate, and the filtrate contains nitric 
acid. A boiling cone. sob. of sodium pyrophosphate fumishos a clear brownish 
olive-green liquid which becomes paler when boiled ; when the cold liquid is treated 
with potassium cyanide, and a little acetic acid, potassium cobaltbitrocyanide, 
K4Co2Cytt(N02).3H20, is formed. Accordmg to A. Stromeyer, potassium hydroxide 
acts on the salt with diiliculty, and, added C. D. Braun, and K. Wegseheider, if a 
cone. sob. is employed, the salt becomes greenish-yellow. A, Stromeyer showed 
that hoi soda-lye, or hot baryta-water, dt^composes the salt, forming brown 
cobaltic hydroxide if air be absent. C. D. Braim found that hot lime-water acis 
similarly. If the salt bo boiled with water and silver cailionate, cobaltic hydroxide 
n precipitated and tbe liquid on evaporation yields colourless needles which 
S. F. Sadtler considered to be silver nitrile. Further, a boiling sob. of ferrous 
sulphate results in the separation of ferric hydroxide and the formation of nitrous 
a^id. The salt is nob decomposed by potassium cyanide, but, added A. Rosenheim 
and I. Ko]ipel, a cone. soln. of potassium cyanide heated on a water-bath decom- 
poses much of the salt with the evoluiion of nitrogen and nilrous oxide, formmg a 
blown sob. which contains potassium cobaltic janide. For the cobaltic aminino- 
nitrile, vide irtfra. 

A. Rosenheim and L Eoppcl prepared yeUow rubidium cobaltic hexanitrite» 
Rb3Co(N02)a* by the method for the potassium salt. T. Rosenbladt obtained it 
bv boiUng a sob, of equal parts of cobaltoua nitrate and sodium acetate in 15 parts 
of water, adding 20 piT cent, acetic arid, and stirring up the mixture with a cone. 
Foln. of sodium nitrite. T. Rosenbladt said that 1000 pans of water at 17^ dissolve 

0 0505 part of the salt, lienee, H. Erdmann said that it is the least soluble of all 
the mbidium salts. T. Rosenbladt, and H. Erdmann also prepared yellow ceesiam 
cobaltic hexouitritct Cs3Co(N02)q. According to the former, 1000 parts of water 
at 17** dissolve 0-0497 part of the salt. According to A. StTomeyer, sodium nitrite 
gives no precipitate with a sob. of cobaltous chloride and sodium acetate. 
(/. D. Braun obtained no complex salt by treatmg sob. of cobaltous salts with 
sodium hydroxide and nitrite. 

A. Rosenheim and I. Koppel found that if an excess of a cone. sob. of sodium 
nitrite he added to a boiling snln. of cobaltous chloride and arctic acid, some nitric 
oxide is evolved, and a yellow salt, Na2Co(N02)5AH20, sodium cobaltic penta- 
nitrite, is precipitated. 8. F. Sadtler washed the salt with a sob. of sodium acetate, 
and then with alcoliol. A. Rosenheim and 1. Eoppcl also prepared a basic salt, 
Nj 4 Co 2(N02 )sO, sodium cobaltic oxyoctonibritet by allowmg the brown mother- 
liquors obtained in the preparation of the hexanitrite to evaporate over snlphuric 
arid; a reddish-brown, crystalline powder is obtained, which is not, however, 
the pure salt ; when dissolved in water, it is not precijiitated by alcohol ; with 
nitrous acid, it yields the preceding salt ; with potassium chloride, it does not give 
A precipitate, and when the mixture is allowed to evaporate over sulphuric acid, 

1 he corresponding potassium salt is obtained as a brown, micToerystaUins powder. 
8. P. Sadtler, and M. Cunningham and F. M. Perkin prepared sodium cobaltic 
hexauifaito, Na8Co(N02)Q, and A. Rosenheim and I, Koppel obtained it by the 
method employed for the potassium salt, but iu tliis rase, the salt is precipitated 
by adding alcohol to the block, filtered sob. The yellow precipitate was washed 
by suction with alcohol, and other, and dried b air. A little of the oxyoctonitrite 
IB present as impurity. The salt dimolves b water, fonabg a yellowish-brown sob. 
which gives ofi nitric oxide when heated. B. Wegseheider said that sodium 
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cobaltie bexanitiite can be prepared readily by adding to a hot cone. soln. of aodinm 
nitrite a soln. of a cobaltoiis salt, free from nickel, acidifying with acetic acid, and 
boiling for a few minutes. The soln. gives a yellow precipitate of potassium cobalti- 
nitrite with potassium salts, is not precipitated by dil. sodium hydrozido soln, in 
the cold (indicating the absence of Co" and Co"" ions), but yields a precipitate 
of cobaltic hydroxide on boiling, which shows that the complex salt contains 
tcrvalont cobdt and is decomposed by boiling alkalies. Alkaline soln. are not 
stable in the cold. The general reactions resemble those of the potassium salt, 
excepting tlic greater solubility of the sodium salt. N. BchiloS and B. Nekrassofi 
studied the adsorption of the salt by activated charcoal. B. II. Adie and 
T. B. Wood described sodium dipotassium cobaltic nitrite, K2NaCo(N02)B ll20, 
obtained as a yellow precipitate by adding the sodium salt to a one per cent. soln. 
of potassium chloride acidified with acetic acid. It does not lose its water of 
crystallization at 130°. Its solubility in water is rather less than one part in 
20,000 parts. This salt was also ohlaiued by W. A. Dnisliel, L. T. Boa.ser, and 
0. M. Shedd. W. C. Bray said that the preci])itation is delicate enough to deteri 
sixty parts nf potassium per million. F. E. Brown and J. E. Snyder found that a 
crystsd of tliis salt swells and blackens when boiled with vanadium oxy trichloride. 

L. L. Buri^pss and 0. Eamm showed that the corresponding disodium potassium 
cobaltic nitrite, NaKst'olNO^ls, can also be made. Idthium cobaltic hezanitrite, 
Li3Co(N02)6, and ammoniom cobaltic hezanitrite, (Nll4)3Co(N02)B.ltH20, were 
prepared by 0. W. Gibbs and T. A. Gcnth, 0. L. Erdmann, S. P. Sadtler, W. C. Ball 
and H. H. Abram, and A. Rosenheim and I. Eoppel. 

A. Bosciihpim and I. Eoppel obtained a green compound, thought to be copper 
cobaltic nitrite, by the action of sodium cobaltic nitrite on a cupric salt. 

M, Cunningham and F. M. Perkin prepared silver cobaltic hezanitrite, AgjC'otNO^lc^ 
as an orange-yellow salt, fairly soluble in water, by adding a soln. of silver nitrate 
to a cone. sobi. of sodium cobaltic nitnte. L. L. Burgess and 0. Eamm also obtained 
the intermediate salts potassiam driver cobaltic hezanitrite, Ag2KCo(N02)B, 
and dipotassium silver cobaltic hezanitrite, E2AgCu(N02)B* They also obtained 
rubidium silver cobaltic hezanitrites, ceesium silver cobaltic hezanitrites, thallium 
olver cobaltic hezanitrites, and ummonium silver cobaltic hezanitrites. 
A. fiospiibcim and I. Eoppel also reported silver cobaltic ozyhezanitrite, 
2Ag20.Co208.3N2G3.3Il20, to be formed when silver nitrate is treated with a 
soln. of the potassium salt. It is sparingly soluble in water, and is decomposed by 
boiling water with the formation of silver nitrite. A. RoseiLheim and 1. Eoppel 
prepared barium cobaltic dodecanitritei Ba30o2(N02)i2 l4Il20, from a soln. of 
Budium cobaltic hezanitiite and barium cldoride ; or hj the action of nitrous acid 
on cobalt carbonate and baiium nitrite suspended in water. The deep brown 
Boln. is filtered befoie all the cobalt carbonate is dissolved, and then treated 
with more nitrous acid. The cone. soln. gives a yellow or brownish-yellow 
microcrystalline powder; the crystals are six-sided plates. The salt is loss 
stable than the corrosponding alkali salts. It is almost insoluble in cold water, 
and is decomposed by hot water. The corresponding strontium oobaltic dodecfr- 
nitrite, and calcium oobaltic dodecanitrite were not analyzed. The mother- 
liquor from barium cobaltic dodecanitrite, containing a slight excess of cobalt 
carbonate when evaporated over sulphuric acid, fumisheB a crop of crystals of the 
dodecanitrite and afterwards dark red crystals of barium CObaltiC ozyoctonitrite, 
Ba2CD20(N02)8> which dissolve in warm water without decomposition. Corre- 
sponding strontium oobaltic ozyoctonitrite, Br2Co20(N02)B» and ealdorn 
oobaltic Qxyoctonitrite were also prejiared. Magnesium cobhltic hezanitrite, 
Mg3rCo(N02)eJ2) has also been made. Dark red crystals of lino oobaltic ozytri- 
nitrite, Zu(io0(N02)3, were also prepared. S. C. Ogbnm prepared cadmiom 
cobaltic dodec^trite, Cd3[Co(N02)6l2> by double decomposition with sodium 
cobaltic nitrite and a sat. boln. of cadmium sulphate. The product was isolated 
from the mother-liquor by fractional crystallization. It is canary-yellow in colour, 
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and Btable both in floln. and in the solid form. It is slightly hygroscopic ; insoluble 
in cold water, but readily soluble in boiling water ; and slightly soluble in alcohol 
or ether. Uo also prepared three bismuth salts : Usmuthyl CoboltiC tetnuiitrite» 
(Bi0)3CD(N02)4 ; hismuthyl oobaltio pentanitrite, (BiO)3Clo(N02)5, and Usmattiyl 
OObaltiO taaionitrite, (Bi 0 )sCo(N 02 )a. The first-named salt is the most stable. 
The colours range from yellow to orange ; they are sparingly soluble in alcohol, 
and insoluble in ether. They are rapidly decomposed in soln. or in the solid state. 
They are produced by the action of sodium cobaltic nitrite on a sat. soln. of bismuth 
nitrate, and were obtained from the mother-liquor by rapid filtration at various 
bUges of the precipitations. A. Rosenheim and 1 . Koppel prepared a mercmoHB 
cobaltic hasanitrite, HgaCo(N02)8) by the action of a soln. of a mercurous salt 
on one of soiliuin cobaltic nitrite, and L. L. Burgess and 0 . Kamm said that it is 
llie least soluble of all these complex cobaltic nitrites. S. M. Jorgensen, T. Roseu- 
blaiit, and M. Cunningham and F. M. Poikin prepared thallium OObaltic hsa- 
nitrite, Tl3ro(N03)Q, as a acarlet-icd salt by mixing soln. of thallous carbonate and 
of sodium cobaltic nitrite. T. Rosenbladt said that 1000 parts of water at 17 ^ 
dihbolvc 0 0120 part of the salt. A. Rosenheim and I. Eoppcl obtained cubic 
crystals of lead cobaltic dodecanitzite, Fb3Co2(N02)i2-12H20, by a process like 
that used fur the analogous barium salt. The product is stable when dry ; it is 
almost insoluble in water; but decomposed, when suspended in water, by the 
]Mssagf* of hydrogen sulphide. M. Cunningham and F. M. Perkin prcimrcd the 
salt, bat with llff^O not I2H2O. The complex amines — ^Pb[Co(Nll 3 ) 2 (N 02 ) 4 ] 2 , 
and [Co2(N202)(NIl3)iolN03.JPb(N03)2 — ^are described below, A. Stromeycr 
rrpoiti'd potassium leid cobaltic nitrite, 3Pb0.2Co203.10N203AIl20t 
obtdiued by the action of a mol of nitrous acid on a mol of cobalt sulphate and three 
mi'is of lead acetate, sulphate, 01 nitrate. The soln. is then treated with acetic or 
mine arid, and the soln. slowly deposits crystals of the triple salt. A. Rosenheim 
ani] i. Kopjiel could not verify this. They obtained CObaltous CObaltic Oiynitrito- 
nitrate, 2('oO.Co203 3 N 203 +Co(N 08 ) 2 * 14 H 20 , in small black crystals, by treating 
cobalt caibonate suhpended in water with nitrous acid, and aUowing the brown 
sulri. to evaporate at ordinary temp. 

0 . L. Erdmann prepared some triple nitrites of bivalent cobalt. Thus, 
potassium calcium cobalt nitrite, 2EN02.Ca(N02)2 Co(N02)2 ; potassium stron- 
tium cobalt nitrite, 2EN02.Sr(N02)2 Co(N02)2 ; and potassium barium cobalt 
nitrite, 2 EN 02 .Sr(N 02)2 (^o(N 02 ) 2 ' V. Cutties and M. Paoletti said tliat these 
compounds form dirty yellow powders stable in air and may be regarded as salts 
of one and the same complex quadrivalent ion, Co(N 02 )b. The latter is, however, 
not stable in presence of water, in contact with which the salts yield an insrduble 
grddiin-yellow compound, K2Co(N02)4, the stable cobaltonitrous ion being lif'nco 
[Co(N 02 ) 4 j''". The high value of the active moss of the ion LNO2]' present in the 
conditions of the reaction in wliich the triple salt originates tends to displace the 
equilibrium [Co(N02)4V'+2N02'^LCo(N02)8]"" towards the right, a displacement 
in the same sense, £at is, towards the formation of undissociated mols. of the 
triple nitrite, being determined also in the equilibrium 

[Co(NO,)4“ 

^key prepared barium thnlHmw cobalt nitrite, Co(N02)o.2Ba(N02)2.TlN02 ; 
sodium barium cobalt nitrite, Co(NOz)2.2Ba(N02)2.NaN02, as a dirty green 
powder ; potassium aino cobalt nitrite, 2Co(N02)2'2n(NO2)2.CKNO2, as a dirty 
yellow powder ; potassium ^minm cobalt nitrit^ 2Co(N02)2>Cd(N02)2>6EN02, 
M a pale chestnut-brown powder ; and potassium mercuric cobalt nitrite, 
Co(N02)2.Hg(N02)2.6KN02, as a deep chestnut-brown powder. V. Cuitica and 
F. Gallo pepated potassium ccrous cobalt nitrite, 2 Co(N02)2.Cp(N 02)8-6KN02, 
as a green powder decomposed by water; rubidium cerous cobalt nitrite, 
2Uj(NOj8)g.Ce(NOj,.6KbNOfc ia green, and thallous oozous cobalt nitrite, 
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2Co(N0g)2.Ce(N02)8.5ThN02, ii deep brown. The componndB ere decomposed 
by water and by cold diL acids. They can be represented by the general formula : 

[Oo(NO.)J^^ 

wLcrc Ce represpnts Ce, La, Fr, Nd, or Y atninB, and E represents E, Rb, or T 1 
atoms. V. Cnttica prepared potasanm lead oobalt nitritei Co(N02)2.Fb(N02)2. 
2KRO3; rubidium lead cobalt nitaiteg Co(N02)2 Fb(N02)2.2RbN02 ; ammoniiuii 
lead oobalt nitrite^ Co(N02)o.Fb(N02)2.2NH4N02; and fhallium lead oobalt 
nitrite, CL)(N02)2 Fb(N02)n.2TlN02, as dark green, microcrystalline powders by 
mixing a neutral sulu. of a coballous salt, a cone. soln. of a lead salt, and then a 
large excess of the alkali nitrate soln. The formation of the potassium lead 
coballous salt enables one part of potassium in 10,000 jiarts of soln. to be detected. 

S. M Jorgensen prepared cobaltichezaiiimiiiohexaiiitrite,[Co(NH3)Q][Co(N02)e1i 
as a yellow powder by mixing soln. of cobaltic hexamminochloride, and sodium 
cobaltic nitrite. It is almost insoluble in water ; and when treated with thallium 
sulphate gives scorlel-red tiallvys cobaltic hexanitrite, [Co(N 02 )o]Tl 3 . F. Jacobson 
prepared cobaltic heiamminotrinitrite, [Co(NH3)ei(N02)3, by the action of 
solid sodium nitrite on cobaltic hexamminotrichJoride. This salt was also piepared 
by C. Duval. E. iiirk, and W. JBiltz studied the mol. vol. 

S. M. .T^jgpnc'en madi* cobaltic hcxammliiodiammlDotetnitrlnltrltooobaltlatc. [Co(NH,)g1« 
rCo[Mlg)j(!N02)4]| ; cobaltic nitratopentamminB hexanitrltooobaltlatc, lCo(NJfl,)|(N(),)]- 
[rolKOgiil 2Ji,0; and cobaltic nitratopentamminB tetranltrltodiamminocobaltlate, [UotNHgjg- 
NUs][Cu(Nid0i(NOs:f|]2 ; and A Wemor and 11. MulL r, eobaltic Isothlocyanato^ntammlne 
nitrite, KolNHilglSC N)J(N(),)|. V. Iluval propared cobaltic aquopentammlnonitrlte, 
[( n(NIl 3 ]|(H, 0 } j(^ U,) 1 01 cobaltic hydronitrltolmldoctammlne nitrate, 11 )[NJJ |)g- 
(ilN0|)}(JN0,)g.U,0. also the sulphate, and ehlondn, f id* supra, atmdes ; likewise also lor 
cobaltic hydronltritoimldohcxammlnotstrachlorlde, {Co,(N U H |0. 

A scries of cobaltic nitritopentamminea were discoverod by 0 . W. Gibbs in 
18 D 2 , and iu\estiga<cd by 0 . W. Gibbs and F. A. Gcnth, in 1856 . They applied 
the icim xantJio-salls, and they supposed the group (2^203.^1120) was present. 
In 18 G 4 , C. D. Braun sliowed that the nitrite raihcle is jiresent. 0 , 'VV^ Gibbs made 
a further study of the series in 1875 ; and in 1899 , S. M. Jorgensen showed that 
a senes of isomeric salts can be prudneed, and he called the isomers, isoxantho- 
sbHs, Be show! d that in the xantlio salts, the N02-group is probably present as 
— NOo, and in the isoxantho salts, as — O.NO. 

C. JDtival pn-paied cobaltic nltritopentammlnonltrlte, sulphatopentammlnonitrlte, carbonato- 
pentamminonltritc, and cxalatopcntamminonitrite. J. Meyer afid II. MoJdenhauer prepared 
cobaltic nitrltopentamminoselBnate, [Co(N03)(NH.,),JSe04. By boiling cobaltic oquopontani- 
mine Bulphato with baniini nitnto, 0. W. Gibbs obtained oobaltlB nltritopontamniinodinltrlte, 
[Co(NB3)iiN()gl(MO|]K.2H jO ; if cobaitir chlorDpontamnunochlonde is treated with silver 
nitrite, eobaltic silver nitiitopentammlnodinltrltc, LCo(NH 3 ) 3 NUt](NO,)|.AgNO|, is formed. 
R. M. Jorgenson, 0. W. tiihba, and S. F. Sadller made cobaltic nltrltopentsiminlnohexanJtrlto- 
cobaltiate, [('o(NT1 3)|N0||a|( o(KOs)ili, by the action of sodium hoxamminorobaltiate, on the 
TiitritopoiitamminoLhlorido ; and oobalUo nltrltopentammlns tctranltrllodJammlnoeobaltiate, 
[Co(NI] 3)gNOiJlCo(Nil i)g(K0|]4||, was also prupaied. 0. W. Gibbs and F. A. Genth ma^ 
eobaltic ^trltopBntaminlnosulpbato, [t'o(NH,)3N03]SO|, by tho action of nitrous fumes on an 
ommoniarnl soln. of cobalt sulphafe. Its properties were also investigated by S. M. Jor- 
gensen, ondC. D. Brnun. Cobaltle]iltrltopentamiiiinoliydrosulphate,lCo(Nil 3 )|NO|lSO|.H,BO|, 
was also examined by S. M. Jorgensen. W. (libbs and F. A. (iimth, and S. M. JOrgonaen 
prepared cobaltic nltrltopentammlnodlehlorJde, ICotNHgliNDijCl,. It is obtomod by the 
action of the sulphate of (he serios on barium nitrite. The properties were studied by 
r. M. Jiiger, A. Werner and C. H. Herty, A. Wemor and A. Miolali, and E. Petersen. 
N Relubtf and B. NekiassoU studied tho orisorption of tho complex salt by activated 
rliarcoal. llie isomer, cobaUlc isonitlltopentammlnodlchlorlds, |Co(Nll3)|0.N01Ul|, was also 
prepared by R. M. J orgonsen by warming cobaltic chloropentamminodichloridB with water 
and ammonia ; the tiltored liquid is cooled and neutralised with dil. hydrochbrio acid ; 
a soln. of sodium mtrite and hydrorhloric odd is next added, and the red isomeiide is 
precipitated ; it is ronvorted into the normal salt by diseolving it in water oontoining 
a few drops of ammonia, and precipitating with oono. hydioohlorio acid. The iso-salt 
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b nbout 4 timM U nluble in oold water as the normal salt, Comploz laltR of the normal 
ililorido with menmrie eMertdr, aurio cMoridr, and pltUmie (Monde were by 

0. W. Gibbe, 0. W. Gibba and F. A. Qenth, and B. M. Jotgonaen. C. W. Oibbe, O. W. Gibba 
and F. A. Qenth, C. 1), Jtraiin, B. M, JOrgenaen, and E. Feteraeii examined aobaitte nlMtn' 
peDtanmliMdlnitnta.[Co(NH,).NOJ(NO,),: U. W. Gibba, MbaiaaniMtopentaiiimlnenltilto- 
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oolnltie nltritopeDtamniliie dibromlde, [CD(NH,),N0|1Bri; o. w. Gibba, cotialtle nltrito- 
pentaminlne liromoiiitnte^ C. l). hvaim, oobilUo nittltopentam- 

mine dllodlde, [Oa(NH|),NO|]l| ; 0. W. Gib>Hi, cobalile nitritopeniamiiUne sulphatolo- 
didfi, L^o(N11a),NO|]|(604)I|.2H|0 i aiid cobaltle nltrltopenlammlDe sulphatoperiodide, 
|Ud(NH|)|N 0||(50«)J|; B. M. JorffonMoii mado cobaltic nitritopentamminB fluoslUeate, 
[Co(NH,)|NOt)BiK,; 0. W. Gibba, oobaltlB nltrltopentammlne chroinatB,LCo(NlIa).KC),i('K)a 
11,0; and eobiltlo nllritopentammlna dichroxnate, lCu(NlI,)5N()JCr,0y.lf,O. W. Klugol 
prepared eobaltfc niUltopeDtaiiiinliioamldosii^honate, LCo(NH,;b(No,)](NH,RO,)„ na wdU u 
tbe imldosulphoDftte, hydroiynltritomonosulphonate, hydroxynltritodlsulphonate, fso-bydroxynitri- 
todisulphonatei and nltritotrlsulphonate. 0. W. Glbbs^ 0. W. Gjbba and F. A. Gnith, and 
V. U. Braiin prepared ihe ferrocyantde ; and 0. W. Gibba and F. A Gonlh, C. I), llraun. 
and S, M. Jbrgenaen, the oralale. P. R. Ray prepared cobaltic nftrltopentaminlnotlll(H 
SUlphatej (Co(NH,),(NO,)JS,U|, by poHsing air into an aninioniunal holn. of robalt 
liydrnxidts ammonium tliiosulphate, and aodiura niLrite. 


In 1891, S. M. Jorgpn/ipti rli»rovrrcd tbp nitritoaiinotetrammmes ; and a few 
)’'rarH later, A. Werurr and J{. Klein propari'd some jiiPinbera of Ibe Heries. These 
BiillH are like tlie nitritopeDtamnunes with one ammonia mol. n'placed by a mol. of 
water ; tbry can therefoTC be regarded as afpioxantho-snlts. 

B. M. Joii^oimon rxantined cobaltic nitrltoaquotetrammine tetraDltritodfaniminocobaltlatBy 
f('n(NMl 4 l 4 (H 20 j(NUa)]|t''o(NH,),(N 08 )ila; cobaliie nUrlioaquoletramminonitrlte, lCo(NJIj,).- 
(ll/))(NO,)J|ro(NH,),(Nu,)«|,; oobaltio nitritoaquotetramminDsulphatc, |('olMJJ,)4(ll/)). 
(No,) |80| ; H. M. Jor^onsen, and A. Womernnd C\ 11. lierty, cobaltic nitritoaquotctrammlno- 
dichlorlde, |C'o(Nll,)4(ll,0)(Kt),)J(n,; R. M. Jorgensen, a basif chloride, and a chluroauiaie; 
B. M. Jorgemeu, cobaltic nitrltoaquotetrammlDodibromlde, Lb'D(Nil,) 4 (n,G)(N() 2 )lHr, ; 
A Werner and R. Klein, cobaltic nltritoaquotetnunmlnDdllodide, |Uo(NJd,)4(II,0)(140,)]], ; 
A WiTiieramlU. Kbin, cobaltic nltritoaquotetrammlnocarbDnatedi'o(Nll,), (11 e0)(^^2)]l:0|; 
J Meyer and 11. Muldmliauer prejwiipd cobaltic ci 5 -dinitritotetram]nino 5 Blenate,[CD(MO,),- 
(Nii3)4],Se04, os jwell os cobaliic trans-dinltrltotetrammlDOselcnatc respcvtivcly from flavo- 
ami 110(00 rubahio clilorido and silver soleiia to ; J. Mover and Iv. (jlnJilor, cobaltic oquo- 
mtritotetramminohydrosulphate, |(NJU) 4 GD(Tl, 0 )(N 02 )j(Hh;()g)j ; cobaltic aquonitritoletram- 
minohydroselenate, [(Nil,)|Co(llaG)(^10,)1(llSo04), ; and cobaltic aquonltritolctrammino- 
BClenatCf l(Nlf,)4Uo(H,0)(NO^)lSp04. 6. M, Jorgensen, niicl A. ^\o^n(T nud U. Klein also 
iiuide an oaahite and u tartrate. 

In 1875, 0. W. Gibbs maile a series of dinitritotetrammines under the name 
crocco-salts ; and S. M. Jorgensen, in 1891, made a series of ihnnifTio dinilrito- 
tetrammiiies wliich be called favO’SnllF. A. Werner showed that Iho two series of 
salts are probably structurally alike, and are probably analogous to the eis- and 
trans- forms of nitrous arid. TJie solubilities of several of tlie^e salts were 
by J. N. Bronsted and A. Petersen, by V. li. la Mor and 0. K, Mason, and by 
F. Ephraim. 

8 M. JOigenflon, and A. Werner and A Miolati examined cobaltic trans-dinitritotetraminl- 
nonltrite, [Ce(NU,) 4 (N 0 ,),IN 0 ,i cobaltic cis-and trans-dinltritotetrammlnehexanitritoeobaltJ- 
atc, [Go(NH,)4(NO,),|[Co(NO,),]— the former is dihydraled, Uk^ lo/ter anhydrous ; cobaltic 
CIS- and trans-dinttrltotctrammlne tetranltritodlamnUnocobaltiato, |('o(Klli,)4(N04)a|Co(NH,),- 
(N0j) 4] ; 8. M. JOigenson, A. Wemor and A. Miolati, A. Weiner ntid C. H Hi'rty, and 
^ roterson. cobaltic eis- and (rans-dinitritotetramminonitrate, |i'n(NliB)i(>j(),),lNi)4; a ns- 
nyaronUratti and a ciS'jtotoMium nifrci^cnerenlsopropared ; S. M Jorgenhen, and A Wonier 
Miolati, oobaltio cis- and trans-dinitritotetraminlnDSUlphate, |l'u(N1[3)4(NQ,)1,S04; 
B. M. JbrgonBon, and A. Wemor prepared the eis-aalt; and O. W. (Jibbs, A. Werner, B.M. Jhr- 
Konsen, F, M. Jugor, A. Wemor and A. Miolati, and A, Wemor and G. H. Murtv, the trans- 
ealt of MbaltledinitritidwtrammlnDcUorlde^ [Co(NH,) 4 (> 10 z),|tl K. Bchiloif andli. Nekrassoil 
studied the adsorption of the salt by octivatod cliarcoal. S. M. JOigonsen mado the cis- 
fnUtroauraie, tlie ci$~chlioroplaiinvte, and the cxa-chloroplatinate, wUiLu 0. W. Gibbs made 
tno trans^chhroawaU, and tranB-chloroplatinate. 0. W. Gibba made cobaltic traiu-tinitrlto- 
ip [Co(NH,)4(NO,)i1Bi; and cobaltic trans-dinltritotetramiiiinoperlotide, 

1 ^o(NH,) 4 (NO,)JT,. F. Ephraim and F. Mobimonu ctudied tho pvlyiodidt,^ ot the cio* 



608 


INORGAOTO AND THEORETICAL CHEMISTRY 


axid tnmfl'Balts, and also blmrolli ooballlo dtattritotctnmmiiiolodlde, [Oo(NH,)4(NO|)|]LBSl4. 
The pwoUonte, and Belenate wore also pTopared. 8 . M. JOrgonspn prepared the ru-aalte, 
and 0 . W. Gibbs the trans-Bolts of eotaitlo dlnlttltotetrammlnoDliroiiiBte, lCo(NH|)4(NO,)|]|- 
CrO^, and oobaltlo dJaltritotstrammlno^chromate, Co(N£l|)4(>!0|)|J|Cr407, VV. Flu^l 
prepared Hs- and fraiM-Balta of oobaltle dloltritotetrammlnoiiltrilotrlsulphonato, [('o(NHa)4- 
(NO|)|],N(SU|)„ and also the eta- and froms-lso-nltrltpdlsulphoiiates, and amldosulphonates. 

A. Wemer and co-worken prepared a aeries of dlidtritodieliliylenediainiQeB 
iu what are probably two Btcreoisonieric forms. The cia-series corresponds with the 
flavo-saltsi and the trans-series with the croceo-salis. In the fonnnloe, for the sake 
of brevity^ eu, or Bn, is written in place of cthylenediammino. A. Werner also 
made the trans-salts with pyridine in place of eihylencdiaminine. 

A. Werner and £. Humphrey prepared coballic cla- and trans-dlnitrltodlothylenedlamlno 
niiritei tCoenx(NO,)JN04 ; A. Werner and E. Humphroy, Dobaltlc els- and trans-dlnltrlto- 
disihylenedlainfne nitrate, [Cocn|(NO|)tJNO|; A. Aterner and K. Humphitiy, eobaitlc ela- 
dinltrltodlethylenedlamlne sulphate, ICoenitNOtliliROi; A. W emor and E. liumphrey, and 
L. Gorb, DobaltlB els- and trans-dlnlttltodlethylenedlamlns chloride, [CoDnilNUilslCl, as m oil 
os a cia-chhroaurate, and eta- and iroM rfUoroplaltnUea, and eta- and trana-ihUtroplatintUes , 
A. Womor nud E Humplm'y, and T Bl. Jagor, eobaltle els- and trans-dinitritodiethylensdl- 
anlne bromide, [Coon^lNOslilBi ; and cobalUc els- and trans-dlnltritodlethylenedlamlne iodide, 
r('oen|(NO,)ill. A Wemer and L. Gerb also mode DobaltlO Ols- and trans-nltrltonitrato- 
diethylenedlamlne nitrate, [Uc}en,(N0|)(N03)]NDa. A. Wemer also iniidD eobaltle els- and 
trans-dinltrltodlethylenedlamlne dithlonate, [Coon,iNO,),]|S, 0 |. 

In 1901, A. Wemer prepared chloronitritodiefhylenediamines in stcreoisomeric 
forms. The cis-scries corresponds with the flavo-salts, and the trans-SDries with the 
DTOceo-salts. 

A. Werner, and A Womer and L. Gorb doscribod eobaltle cis-nltrltoohlorodlethylenedl- 
amlne nitrite, Lt’oonjUiMit^lXOj; eobaltle els- and trans-nUritoehloTodlethylenedlamiDB 
nitrate, [CoonjClfNOsllNO,— the orystals of the irons bbHb wero also ezammod by 
F. M. Jeger ; and A. \\ emor prepared an acidciB-nitrati. A. Womor and L. Gerb prepared 
eobaltle ols-nitritochlorodlethylenedlamlne taydrosulphate, Gnensl'HNOjilSOi; A. Wemer 
and 1 «. Gorb, eobaltle els- and trans-nltrltochlorodlethylenedlamine ehlorlde, |( oen4ri(NO,)JCl , 
likewise also the two hrom^dea, the t\io lodidts, and the two (htot t/anaiett. Iluviil 
prepared eobaltle ds- and trans^ltrotetramminonitrlte, trans-dlchlorotetrammlnonltritB, cis- 
and trana-dichlorotetrammlnonitrlte, els- and trans-dllodotetrammlnonltrlte, ehloronltrotetram- 
mlnonitrlte, diaquotetramminonltrlte, and chloroaquotetrammlnonltrlta. 

S. M. Joruifnsen prepared cobaltic hydrozyutritotetremininochloride, 
[Co(NIl3)4(N02)(OH)]Cl.H20. A. Werner bIiowimI that the original idea that the 
salt was a basic chloridr, [Co(Nll3)2(Il20)(NO«)lUl(OH), w^as wrong. A. Wmier 
prepared a hydrocMoridef a bromide, a hydrohromide, a hydroiodide, and a viboic. 

A. Wemer prepared cobaUic mtritotaydiocarbtmatotetramminoni^ 

[Co(NH3)4(NU2)(nC03)]N0a.H20, by passing carbon dioxide into a soln. of cobaltic 
hydjoxynitritokdrammiuonitrate. The dark yellow crystals are almost insoluble 
in water. A. Wemur and R. Klein prepared a scrieb of cobaltic nitritothio- 
(^anatotetrammiiies— e.;. [Co(NH3)4(N02)(SCN)]G, m addition to the chloride, 
the bromide, iodide, periodide, nitrate, and thi(»cyanate, as well as complexes with 
mercuric chloride, and silver nitrate. A. Wemer and L. Gerb made cobaltic 
idtritothioigwatodiethylenedia^ cobaltic mtritoihiocyanatodietbyl- 

diamminocbloridc, [Coen2(N02)(8CN)lCl, as well as the bromide, iodide, and 
nitrate. S. M. Jorgensen, and K. A. Hofmann and 8. Beinsch prepared oobaltio 
rntritoadphitotetramnine, [Co(NH3)4(N02)(B03)]. 

In 1866, 0. L. Erdmann discovered the first of a series of trilutritotriaininillCB» 
and the other members of the series were studied by 0. W. Gibbs in 1875, and 

B. M. Jorgensen in 1694. Tbo first member, cobaltic trimtritotriainmine» or 
cobaltic triamminonitrite, [Cd(NH 3)3(N02)3], was obtained by 0. L. Erdmann, 
P. R. Rey, and by W. Gibbs. S. M. Jorgenson prepared it by the following process : 
cobalt carbonate (ID grms.), dissolved in hydrochloric acid (M c.c.), was treated with 
varying quantities of sodium nitrite and 20 per cent, ammonia and the mixture 
oxidized in various ways ; the dark brown liquor obtained was filtered from the 
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insoluble matter, and evaporated to drjncsB in a draught. The lemdue was dis- 
Bolved in 50-70 c.o. of cold water, whereby a second residue was obtained, and a 
ilark brown soln, which, when treated with dil. nitric acid, yielded the xantho- 
nitrate. The insoluble residues were washed with cold water until free from 
chlorine, whereby the crocco- and zantbO’chloridcs were removed, and the residue 
[too from chlorine was extracted with hot water containing some acetic acid, when 
the triaminc nitrite was dissolved. This was separated from the croceo-diamine 
nitrite and other sparingly soluble impurities '^y fractional crystallisation from 
very dil. acetic acid ; the bulk of the croceo-diammine nitrite was obtained in the 
last extraction of the residues. 

A. Werner thouglit tliat the compound existed in two isumeric forms, but 
S. M, Jorgensen showed that the alleged isomers are the results of difficulties in the 
Iiabits of the crystals of one compound— if crystallixed from dil. acetic acid at 66”, 
rliombic plates are formed ; and at 85”, hot aq. or cone, acetic acid soln. give 
yellowish-brown nei^dles. H. Jager gave for the axial ratios of the rhombic 
bisphenoids, a:h:c -U'8G82 : 1 : 0-6020. The sp. gr. is 2-020 at 17”. The salt is 
sparingly soluble in cold water, readily soluble in hot water. The aq. soln. does not 
give tlie usual reactions for the nitrites. W. Biltz, and K. Birk studied the mol. 
vol. The electrical conductivity was measured by A. Werner and co workers, 
unrl K. J'cterscu. These compounds have nut the general characters of ordinary 
halts. N. Schiloff and B. NckrassofT studied the adsorption of the salt by activated 
charcoal. 


TJiero are a number of oUior momboni of the seriDS. Thus, A. Womer and A. Griin ' 
prepared coballlc trluitrltoethyleDedlaminammiDB, [Co(K11a)cn(^*0,)j] ; 8. M. Jtirgmisen, 
co1)alt]c5ulp]iatobi5dliiltri(obisiriammlne.[(Nlis)3(NOt)sl*o(KU4)Co(NO,)2(N11,)3]; S. M. Jor> 
ui^nsen, nnd A. W’omcr, cobaltio dlnltritocblorotrlammine, [Co[NB 3 ),Ul[NOt)iJ, which was 
rxnniinnd by A. Wemor and A. Miolati, and B. I'etorseu ; 8. M. Jorgensen, cobaltic dinl- 
tritobromotriammlne. ; A. Womer, oobaltlo nitrltoxalatotriainmlne, 

K'o(NH,)s(C\ 04 )(NO|)J; and L. A. Isrliiigao/T, cobnUio nltrltodimetbylKlyozimailiminSj 
|Co[Nlla)(N 02 )(]>,}I|jJ, where J)|Il, stands tor dim etJiyigly oxime. 

0. L. Erdmann prepared tetranitritodiamminocDballiates in 1866, and these 
products are sometimes called Erdmann's salts — usually the ammonium salt. 
Tlicy were studied by 0. W. Gibb‘<, who proved that the cobalt forms part of the 
iu‘g.itivp radicle. A, Werner reiucsented these salts by the general formula 
M[(''fi(NJl3)2(N03)4l, and considered them to be ein wichfigrs nel>ergangsglridj 
between the neutral trinitritotriammiiics, [Co{N 113)3 (K 03)3], and the hexanitrito- 
coballiatcs, M3Co(N02)6- These salts were also studied by S. M. Jorgensen, and 
A. Werner and felh^w- workers. J. N, Bnin'^ted and A. Petersen measured the 
solubilities of some of these salts ; and 8. Berknmn and H. Zoeher, their magnetic 
susceptibilities. 0. L. Erdmann, and 0. W. Gibbs made ammoniam tetca- 
nitritodiamimncXiObBltiatei NIl4[Co(NH3)(N02)4]» by the spontaneous evapora- 
tion of mixed soln. of neutral cobaltous chloride, and ammonium nitrite. 

8 At. Jorgensen mixed a soln. of 00 gnus of erystallized robaltous chloride at 250 c.e. 
nf water with a soln. containing 100 grms. of ammonium chloride, 156 grms. crystal sodium 
nitrile, and 760 c.c. of water nlniig with 25 c.c. of 20 i>or rent. aq. ammonia. The mixture 
aofl troal od for 1^ hra, with a rapid current of air. The filtered liquid was allowed to stand 
14 days exposed to air. The liquid was dcoanted from the crystals, the latter wore washed 
by Ruclion — oiieo with ioed-water, and onco with a soln. of the puro salt. The mother- 
liquor mixed with the wash -water deposits another crop of iTystals after standing some 
time exposed to air. 


The brown rbombic prums were shown by F. H. Jagor to have the axial ratios 
0 ; b ; e=-o-8837 ; 1 : 0-5226 ; and a sp. gr. 1-933 at 15“. The salt develops ammonia 
wLrn treated with potassium hydroxide. This salt can bo used as a starting point 
lor the preparation of some other ammines. According to B. M. Jorgensen, mth 
anunonia, it forms the cobaltic dinitritotetrammine tetramtritodiamminooobaltiate. 

L. Erdmann prepared potassiom tetranitritodiamininooobaltiaht, 
1)y adding potassinm nitrite to a soln. of cobaltous and 



SIO INORGANtO AND THEORETICAL CHEMISTRY 

ammonium chlorides. The salt was also prepared by 0. W. Gibbs, B. M. JSrgensen, 
and A, Werner. According to F. M. J^ger, the brown crystals belong to the 
rhumbic system and have the axial ratios a:h: c— 0*8783 : 1 : 0*5192, and a sp. gr, 
2*076 at 15*^. The soln. In water is dark yellow, and it gives no precipitate with 
potassium hydroxide or ammonium carbonate. With ammonia the potassium salt 
reacts liko the ammonium salt. B. Kromann studied the transport numbers ; 
and A. Werner and A. Miolaii, the electrical conductivity. Sodium tetranitrito^ 
diamminocobaltiate, Na[Co(Nil3)2(N02)4l, was also piepaicd. N. Schiloll and 
B. NekrassofF studied the adsorption of the salt by activated charcoaL 

S. M. Junzenson obtained llie nlosply similar salts, rubidium tetranltrltodiammliioCDbaltlaU, 
Kl7[Cu(Nlla)2(NU2)4] ; and csBsium tetranitritodlamminosobaltiatB, LXCo[NH,),(NO|)|]. 
0 . L. 1 «]rdiiiaun, O.W. Gibbs, andH M Jorgensen preporedsilvertetranltrltodiammlnoDDbalUBtei 
Ar[Co(K 11 a) jI NOi) 4 |, as an orsngu-ycUow precipitat e by treating tlio potassium salt wit h silv or 
nitrate. The salt ran be recr) stuiliyed in nredles or plates from its aq. soln. 0 . W. Gibbs 
pinparcd mercurous tetranltritodlamminoeobalUate, }lKK''o(NII,],(NO|)4b in orange yellow 
rr^'strtls, preBUiiialily with the ('oin[iObition just indicated ; similar reniarks apply in the 
prismatic crystals of tballous tetranitritodiammlnocobaltlate, Tl|Uo(Nn|)|(NO,)4l, and Iho 
orange-brown plates of lead tetranltrltodlammiaoeDbaUiate, PbLGo(NH4)2NOa]4|„ prepared 
l>j O. W. Gibbs. A. Werner and A. Giibser prepared chromium diehloiotelraiiuatetranltrilo- 
diammlnocobalUste, C'r(Hj())4('lj[Cn(NH,)|(K0|)4].2H|0, m yellowish -green plaice, by the 
action of chromium ciLluroJiydrnxidfl on potassium tetranilritodiammuiocubahialo. 'i'he 
oorrcsponiiijjg chiomium dlbromotetraquotslraultrltodlamminocobaltiate was made in dark 
giCDii cr3 stnJs, in a r orresponding way. A Weiner and D, Kalkuiann also proparod chromium 
hexacarbamide tfetranitritodlammlnocobaltlate, Cr(('ONg1l,l||( o(Mls)g(KGg)4|,.HsO ; and 
B^omium chloiohexacarbamide tetranitritodfammlnocobaltiate. ('rirOXfliijiiilCoINlIglt- 
(XOg^4' ! iJ •!). 0 . W. Gibbs, and iS. M. Jorgensen prepared eobaltihexammine tctranltrito- 
dlarominocociltiatB, |C'ofNlJ4)|||( oiNH, 14(^03)4]; cobaltinltrltopentamminB tetranftritodlam- 
minocobaltUte, |(o^NiI^^iNU.|i'(>fMi,),(N03l4l; 8. M. Jorgensen, cobalUnitritoaquotetraui- 
mlne tetrauitiilodiaiainiiiocDbaltiate, [( o/NI1,)4(H2O)(NU3)l|ro(MJI0ifM)3)4l; 8. M. Jor- 
gciihcn, cobaltids- and trans-dinitrilotetrammine tetranitrUDdiammJnocobaltiBte, [Co(NHa)4- 
(X0 i)s|[Go(NH 3)3(NO3)4], the clcitiicul conductivity was measured by A. V\emHr and 
A. .Miolaii; S. M. Jorgensen, and 0 . W. Gibbe, cobaltlnltsatopentammlnB tetranitrltodl* 
ammiuDOobdtiate, [CofMI 3)1X04 ||('o(ls'iIg^3(NOa)i| ; and A. Wernor, eobaltidlchloroaquotrl- 
ammlne tetranitritodiammlnocobaltlato. |Go(NH3)3fll|0)tl4]|('o(Xii3)|(X03)4l; K. A. llof- 
inanu and K. Biichnor prepared toluidine letTBnitrilodl-p-toluiiUDt^cobaltfalB, UiI3.C1li4.XH1. 
H[Co(l'HiC3lJ4N}]s)2(NU3)j|, and also sodium tetranltratodinitrosobydrazinoBobaltiate, 
Xa[rofX02)4(XU.XIl)3|. K Hpliraiinand J*\ Moser prepared copper tetranitrohexammlDO- 
eobaltiate, [CuiXll3)ilKN03)4ro(Nllgf3l,; zlno (etranltritoheptammlnocobaltlate, [Zn(NH,]4]- 
KNO^lii'ofXn,).],; nickel tetranitritohexamnilnocobaltiate, |XilNH3)4]|(X()3)4Co[Nn,)il3 ; 
Dopper oxalatodinitiitohexamminocobalUate, [UinNil3)4li(C304)[NO|)i('o(NH3)4l4 ; zineoxalato- 
dinltritohexammlnocobalUate, [Zn(XH3)4]|(C304)(X0g),Uo(Xil3)il2 ; cadmium oxalatodlnltrito- 
taexamminoGobaltiate, [Ud(XHa)4l[(C2G4)(XU2)2Uo(XJi2)2]2i uickel oxalatodinitritodecam- 
mlnocobaltiate, lXi(NH3],J| (UgUgJtNOgJiCoiXlla).]!. 

R. M. Jorgenson prepared a salt of the diiiitritodichlorodianiminocobaltiataa 
whore the acidic radicle is univalent. The complex obtained was cobaltinitrito- 
chlorotetrammine dinilxitodichlorodiamminocobaltiate, [Co(NHj)4(N02)01|- 
[Co(NIIj]2(N02)2C'id* Jorgensen also prepared a series of dinitrito-malatodi* 
ainiiimocobaltij)tes re])reseutc(l by tile ammoniim salt, N H 4 [Co(Nll 3 ) 2 (N 2 ^ 4 ) ]• 
The jiotassium, sodium, harium, fnagnesium, sikrr, rohalt, cclfolt silver, cobaU- 
hexamminc, and cobalfidiniiritoiPlrafnmine diniiritoxalaimliamminocobaVi^^^ were 
also prejiarcd. L. A. T.HebugacfI ]ireparpd a scries of dilutritodilUettiytelyoxiniiilC)- 
cobaltiates, anddiiufaitodimeiliylglyoxiiiiinoai anid, II[Uo(N02)2]^i2H2].H20. 
The amvmiiumj dhylamimnium, diischutylammoniurn, •potassium, ruUdium, caasium, 
and sodium salts were mad(\ S. M. Jorgensen also made Ammonium OZAlAto* 
bmdinitritobisdiamminocMbal^ NK4[(Nll3)2(N02)2Co.C2Tl4-Co(N02)2(NH3)2l. 
J. J. Meyer and co-work(*rB prepared dioobaltic tetraniWto-/i-seleiuitohe x a m i iu nef 
[(NH3)3(N02)2C!o.O.SoOa.O.Co(N02)a(NH3)3].2H20i dioobaltic /i-Amidonitrito. 
octammino^eziate : 


[(NH,) 4 Co<^‘>CO(lJHJ«](Se 04 )r 2 H ,0 
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•fid dieolwltte pHidtritodihydroisdiflnmniinfaelBrwte; 

J(HH,),Co< 5 h 7'C<,(NH,),|seO J^2H,0 

J. Lang found that the filtrate obtained from mixed soln. of barium nitrite and 
nickel Bulphato can be evaporated without decomposition if the temp, be not raised. 
W. Ilampe said that the soln. dcpositB a basic salt, nickel axyniinte, Ni20(N02)2. 
The reddish-yellow crystals of nickalOlU nitrite! Ni(N02)2i stable in air and at 
100^. C. Duval obtained the salt aa in the corresponding cose ol cobalt nitrite 
(7.V.). The salt forma a green soln. with water which gives no precipitate wit!) 
alcohol. The aq. soln. decomposes at 80^-90^ and if thou mixed with alcohol, 
dil. iK)taah-lyc decomposes the dry salt. When treated with ammonia, it forms 
a blue soln. F. C. Bay and N. R. Dhar found the eleotrical conductivities of 
soln. with a mol of the salt in 18'17» 54*51, 163'53! and 490*59 litres to be respec- 
tively 57*32, 78-52, 95*35, and 114-12 at 20°, when the calculated value at infinite 
dilution is 94, The aq. soln. is feebly acid to litmus. Acconling to 0. L. Erdmann, 
mixed soln of ammonium nitrite and nickel acetate give an unstable green liquid, 
which remains dear when mixed with much alcohol, but on standing for a long 
time gives red crystals, which form more quickly in ammoniacal soln., nr if absolute 
Alcohol in excess bo added. The product is considered to be nickel tetrammino- 
dinitrite, Ni(N02)2<lNH3. L. Rurct and F. Bobinoau prepared a biiiiilar salt. 
i\q. ammonia of sp. gr. 0-924 (3 kilos.) and soiliuiu nitrite (1 kilo.) are added to 
the nickel sulphato (I kilo.) dibstdvcd in boding distilled water (1 litre) ; the 
mixtuie is placed a.side for 4-5 days, and the resulting crop of cryshils, after 
washing, is rccrystullizod from a hoi ammoniacal soln. The small red crystals 
were coiinidered by 0. L. Erdmann to belong to the monochnu; system ; they 
foim a green soln. with cold water, and on warming, the soln. becomes turbid, 
forming a green precipitate. The salt decomposes in moist air giving off ammonia, 
and becoming green. The salt is insoluble in alcohol, and is rocry^allized by 
adding alcohol to the ammoniacal soln. The s<ilt begins to decomfuisc at lOO*", 
giving off aminunia and becoming green; at a higher temp., nickel ovide alone 
remains. 

a. W. Fischer prepared potassinm nickel hezanitrite, Iv4Ni(NU2)4, in 
brownish-red octahedral crystals from a mixed soln. of nickel and potassium 
nitrites. J, Lang, 0. L. Enlmanii, and W. Ilninpe employed an analf»gous process. 
J. Lang said that the dry salt decrimpose.s before it melts, giving oil at-id and nitric 
oxide vapours. The salt forms a green aq. soln. It is stable in air, and can be 
obtained unchanged by evaporating the aq. soln. J. Lang said that the aq. soln. 
has a slight alkaline reaction, and only a small gr(*cn precipitate is produced with 
a long boiling ; W. Ilampe said the aq. soln. decomposed before boiling begins. 
The bait is insoluble in ateolutu alcohol, but traces are dissolved by 90 ])cr cent, 
alcohol. The salt forms a basic nitrate when boiled with alcohol. Hydrogen 
Bulpliido forms nickel sulphide when passed into the aq. soln. J. Lang did not 
produce crystals of sodiom nickel nitrite from a mixed soln. of sodium and nickel 
mirites. J, I^ang obtained barium nickel tetranitrite, lia2Ni(N02)4, by allowing 
a mixed soln. of barium nitrite and nickel acetate to stand for some hours. The 
pale red crystalline powder is more soluble in ivater tlian the potassium salt. 
0. L. Erdi^nn said that the salt gradually decomposes, forming nitric oxide, 
nitrogen peroxide, and a greenish mass. J, Lang observed no loss in weight at lOO*^, 
C. Przibylla tried the triple salts : ammonium barium nickd mtrite, as well as 
ammonium Htronlium nickd nitrite, and ammonium cakium nickd nitrile, but found 
the products are mixtures, not chemical individuals. J . Lang reported potassium 
barium nidml nitrite, K2DaNi(N02)6, to be formed by concentrating a mixed 
Boln. of nickel acetate and potassium barium nitrite *, and also by the action of 
barium acetate on potassium nickel nitrite ; U. L. Erdmann obtained it by the 
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action of an excess of potassium nitrite on a mixed soln. of barium and nickel 
chlorides. The brownish -yellow powder was stated by J. Lang to consist of 
iiiicrosoopio tetragonal plates ; 0 . L. Erdmann said that the salt separates from the 
hot soln. in microsoopic cubes and uctahedra. The salt is sparingly soluble in 
cold water, readily soluble, without apparent decomposition, in hot water. The 
aq. soln., however, decomposes when boiled, forming nitric oxide, and a basic nitrate. 
The salt is insoluble in alcohol. F. Ephraim prepared cGesiiim barium nickd 
nitrite, CB2Ba[Ni(N02)6], as an orange-brown powder very sparingly soluble in 
water. 0 . L. Erdmann, J. Persoz, and C. Frzibylla prepared potassdiun stcontiam 
niekd nitrite, K 2 SrNi(N 02 ) 6 , as in the case of the barium salt. 0 . L. Erdmann 
said the reddish-yellow salt consists of microscopio cubes, and loses no weight at 
140 ’’. C. Eiinzel, and 0 . L. Erdmann made potassium calcium nickd nitrite, 
E2CaNi(N02)Q, from a niirod soln. of a nickel salt, calcium chloride, and potassium 
nitrite in excess. 0 , L. Erdmann obtained it from a mixture of calcium chloride and 
potassium nickel nitrite. The yellow salt consists of microscopic octahedra 
belonging to the cubic system. The salt is sparingly soluble in cold water, but 
readily soluble in hot water. The salt is decomposed when heated with water. 
It is insoluble in alcohol, and this reagent precipitates the salt from its aq. soln. 
There is no loss in wt. at lt 10 °- 140 ‘'. It melts with decomposition at a higher temp, 
giving oil nitric oxide and nitrogen peroxide. V. Cuttira and G. Carobl)! could not 
prepare polassium magnesium ntckel nitrite, but they obtained a number of other 
triple nitrites. The salt Ni(N 02 ) 2 - 4 EN 02 is regarded as being conslitutcd 
[Ni(NO2)0lK4, and it ionizes m water: [Ni(N0o)6]K4r^Ni(N02)B”" t 4 K‘; and 
[Ni(NO 2 ) 0 ]'"'^Ni(NO 2 ) 2 + 4 ^O '2 occurs. They prepared potassium zinc 
nickd nitrite, 2[Ni(NO2)0lE4.Zn(NO2)2» as a flesh-red crystalline mass ; 
V. Guttica prepared pale yellow potassium nickel ca^um nitrite, 
4 KN 02 . 2 G(l(N 02)2 Ni(N02)2 ; and flesh-coloured ammonium nickel cadmium 
nitrite, 2 NHQN 02 .Cd(N 02 ) 2 >Ni(N 02 ) 2 ; V. CutUca and Q. Carobbi made potassium 
mercuric nickel nitrite, [Ni(NO2)0jK2llgi dark green crystals forming a green aq. 
soln. in which the salt produces seven ions per mol. V. Cutties and A. Paciello 
prepared thallous nickd nitrite, or thalhus nu'kelonttrite, T14[Ni(N02)b], in stable 
flesh-red crystals which yield stable, green aq. soln. V. Cutlica prepared potassium 
cerous ni^el nitrite, 5 Ni(N 02 ) 2 - 3 Cp(N 02 ) 3 . 13 EN 02 , as a flesh-red powder, 
y. Cuttica made brick-red thallium nif^d cadmium nitrite, lTlN02.2Cd(N02)2. 
Ni(N 02 ) 2 ; V. Cuttica and G, Carobbi obtained thallium mercuric nickd nitrite, m 
orange-red crystals, 3Ni(N02)2.Hg(N02)2-6TlN02, or 2Ni(N02)2-^(N02)2.8TlN02, 
according to the conditions ; and V. Cuttica and F. Gallo, thallium Cerous nickd 
nitrite, 6Ni(N02)2-2Ce(N02)3.7TlN02, as a pale chestnut-brown powder; V. Cut- 
tica and G. Carobbi made impure thaliimti oranyl nickd nitrite, as a chestnut- 
brown powder. C. Frzibylla prepared a brown crystalline powder of barium 
thallous nickd nifiite, which was probably a mixture. He prepared brownish-yellow 
potassium lead nickd nitrite, K2FbNi(N02)B, by mixi^ dil. soln. of the com- 
ponent nii rates with an excess of sodium nitrite ; ammoninm lead nidcd nitrite^ 
(f^)2PbNi(NO2)0, was obtained in an impure state; and thaUons lead nicAd 
nitrite formed a brown powder consisting of particles almost cubical in shape. The 
index of refraction was high. V. Cuttica and G. Carobbi prepared potasdom 
cobalt nickd nitrite, 2E4[Co(N02)e].[Co(N02)B]K2Ni, as a greenish-yellow powder; 
and thallmin cobdt nickd nitrite, [Co(NO2)0]Il2Ni.lTlNO2, as a dark red powder. 

W. C. Ball and H. H. Abram added 10 c.c, of bismuth nitrate soln. to 40 c.c. of 
a 60 per cent. soln. of sodium nitrite, and then a soln. of 6 grms. of ammonium 
nitrate and 2 grms. of nickel nitrate in 20 c,c. of water— all cooled to in a few 
minutes a yellowish-brown, miciociystalline powder of ammonium nickd nitrito- 
btemutfaite was formed. The composition of difierent specimens varied con- 
siderably, and the salt slowly decomposes ; it is quickly hydrolyzed by water. 
In an an alogous manner, pota^nm nii^ nitritohumnihit^ K4NiBi2(N03)i2.GH20. 
was formed os an unstable, yellowish-brown, mioiooiystalliae powder ; simUariy 
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with raUcHtun niokd nltritohiamiiihite. Bb7Ni{Bi(N02)Q}8.1H20 ; ceesinm dcbd 
nitritobismathile* CSB 7 Ni{Bi(N 02 )o} 3 . 6 H 20 ; and thalloos nickel nitritobismathite, 
Tl4Ni{Bi(N02)2}2. 

0. W. Gibbs 17 prepared potaasiam raUiemom taexanitrite, K3Bu(N02)e> 
from a soln. of the component salis. It is easily soluble in water, alcohol, and 
ether ; and with ammonium sulphide it gives a red soln. C. E. Claus said that the 
salt is sparingly soluble in water, and readily soluble in a soln. of potassium nitrite. 
A. Joly and co-workers prepared orange-red potassium ruthenium pentanitritey 
KuSu(N 02 ) 6 , from a neutral soln. of potassium nitrite and ruthenium chloride in 
the calculated proportions. Yellow potassium ruthenium ozydodecanitrite» 
K 2 llu 20 (N 02 )i 2 , was also obtained from an alkaline soln. in the presence of an 
excess of alkali nitrite. This salt is sparingly soluble in water, and it separates 
with water of crystallization, but becomes anhydrous at 100°. It explodes in vacuo 
at 360*’-440'’, forming nitrogen and nitric oxide, and a residue, which, when leached 
with water, contains EIIU3O2. L. Brizard found that crystals of potassium 
ruthenium dihydroheplanitiite, E3Ru2Jl2(N02)7.4U20, are formed when a 
dll. and slightly warm soln. of the complex chloride, Rti2lT2(NO]Cl2.3EC1.2JU1, 
slightly acidified with hydrochloric acid, is mixed with succi'ssive small quantities 
of potassium nitrite until liberation of nitrogen oxides ceases. The colour of the 
soil! changes from red to orange-yellow, and, after cone., it deposits crystals of the 
eomplex nitrite. This salt is very soluble in water, h\ii almost insoluble in a 
conrentrated soln. of poitissiuin chloride. It becomes anhydrous at 100^ but does 
not. begin to decompose mueli below 360° ; at this temp., however, decoiuposiiion 
IS rapid. When hciitetl with hydrochloric acid, it is rapidly leconvcrted into the 
double chloride from which it was formed. A. Joly and E. Leidii found that when 
a S 0 I 11 . of sodium nitritiC is gradually added to a soln. of ruthenium chloride at GO**- 
8 l) until the liquid is neutral, an orange-red soln. is obtained, which, on cooling, 
deposits the s^um ruthenium pentanitrite, NajRu(N 02 ) 5 . 2 H 20 , in orange- 
yellow, dichroic, monoclinio prisms, very soluldi^ in water, from which they can 
be repeatedly recrystallizcd without decomposing. When heated with dil. hydro- 
elibiric acid, the salt yields the nitrosocidoride, ltu(NO)Clg,2NaCl; when mixed 
with potassium hydroxide and sat. with chlorine, it gives ofl va])oiirs of ruthenium 
peroxide. From 5 to G kilos, of this salt were obtained from GO kilo.s. of iridium 
residues, rieh in ruthenium, and hence sodium nitrite is of great service in the 
extraction of the metal from substances iii which it is present in Rm.ill quantity. 
The sodium salt at 3G0° or 410° 3 riclds the couipound Na 2 (),Ku 40 ii, wliii'h cannot he a 
mere mixture of the alkali oxide and the ruthenium oxide, since the latter would 
decompose at 440°. At a dull red heat, the nitrite yields the oxide RUO 2 , which 
rciaius only a trace of alkali after being washi'd with boiling water. If tho touip. 
is so Ingli that the alkali nitrite fuses, the greater ]>art of the ruthenium is converted 
into the rulhenate Na 2 Ku 04 . 

C. £. Claus priqiared potassium rhodium hexanitrite, K 3 RlL(N 02 )(i, as an 
orange-yellow powder by boiling a sohi. of rhodium chloride with an excess of 
potassium nitrite. The salt is sparingly soluble in water, and readily soluble in hot 
hydrochloric acid, or in an excess of potassium nitrite soln. The soln. in potassium 
nitrite is coloured dark red by ammonium sulphide. 0 . W. Gibbs prepared a 
complex salt of potassium rhodium chloronitrite. C. E. Claus prepared sodium 
rhodium hazanitrite, Na 3 Kh(N 02 )o, in a manner analogous to that employed 
for tho potassium salt. It is a while jiow'dor consisting uf microscopic oct/ahedra. 
The salt is sparingly soluble in boiling water, and is slowly decomposed by hot cone, 
hydiochlorio addi and, according to J. Lang, it is rapidly decomposed by aqua 
7cgia. J. Lang obtained barium rhodium dodecanitritei BflBRh 2 (N 02 )i 2 i from 
barium rhodium chloride and silver nitrite. The wliite powder consists of 
microscopic cubes and oclahcdra, 

W. Manchot and A. WaldmuUer found that when nitric oxide acts on a soln. 
of palladous nitrate the primary nitrosyl complex which is formed produces 
VOL, vm. 2 L 
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IMfladoiis nitrite, Fd(NOfl)s. J. Lang prepared palladoiu diamminoiittrite, 
Pd(N 0 £) 2 (NHs) 2 , by evaporating the Stored Boln. obtained by adding silver 
nitrite to a soln, of palladous diamminomtrite. An isomeric form is obtained from 
palladoos oxide, potassium nitrite, and ammonia. There is also the complex salt 
Fd(NH2)2(N02)oVd(N02)2i or rd(NH2)(N02)2i pall^am amminonitriti pro- 
duced when a hot soln. of paUadous diamminochloride is treated with potassium 
palladous nitrite, and eitlior cooled or evaporated so as to obtain yellow prismatic 
crystals. N. W. Fischer, and J. Lang prepared potasaom pallaikms tetranitrite, 
E2Fd(N02)4, by treating soln. of palladous chloride or nitrate with an excess of 
potassium nitrile. A white jiowdor separates from dil. soln., while cone. soln. 
furnish yellow prisms. The aq. soln. yields the dibydiated potassium palladous 
tetranitrite, K2^^(^ ^2)4-^112^1 plates which lose all their water in vacuo over 
potassium hydroxide. When heated, tlie salt decomposes. A yellow, crystalline 
precipitate of silver palladous tetr^trite, Ag2rd(N02)4, is obtained by adding 
silver nitrate to a soln. of the potassium salt. It crystallizes from hot water in 
dark yellow prisms. A. Jiosenhcim and II. Itzig prepared trihydiatod potassium 
paUadous iodonitrite, K2FdIn(N02)2 ^H20, by saturating a cone. soln. of potas- 
sium nitrite with palladous iodide and allowing the mi^ure to crystallize over 
Bulphuiic acid. Tlie suit crystallizes in purplish-red, prismatic needles, cfllnrcsces 
on exposure to the air, and decomposes when dissolved in water or treated with 
dil. acids, with prcci])itation of palladous iodide. Potassium palladous oxalato- 
nitlite, K2Fd(N02)2f>2^^3i obtained by warming the preceding salt witli 

a molecular proportion of oxalic acid, and it crystallizes in beautiful, yellow needles 
sparingly soluble in cold, but easily soluble in hot water. Yellow rhombic crystals 
of pota^nm palladic hexanitrite, KMPd(N 02 )Q, were prepared by E. Fozzi-Escot 
and H. C. Couquet by treating a soln. of palla^r chloride with potassium nitrite 
and then with an excess of alkali hydroxide or aq. ammonia at a low temp. 
0 . W. Gibbs prepared hydiohexanitritoiridie add, HsIr(N 02 )a. in pale yellovr 
needles readily soluble in water. Potassium iridic hexanitrite, K 2 lr(N 02 )B-H 20 , 
was obtained by the action of an excess of potassium nitrite or iridium chloride. 
The pale greenish-yellow crystals ore easily soluble in water ; the compound form^ 
a complex salt with potassium iridium chloride, potassium iridio chloronitrite, 
EglrfNOsle.KalrClB- Sodium iridic hexanitrite, Na 2 lr(N 02)6 H 20 ; the complex 
NaslrtNOolo-NoBlrCls ; sodium iridic ddonmitrite, Na2lr01(N02)4.H20 ; and 
barium iridic cUoronitrite, Ba3lr2(N02}2*Ba3lr2Uli2i also have been prepared. 

J. Lang, and L. F. Nilson prepared hydrotetranitritoplatinons add, 
H 2 Pt(N 02 ) 4 , or platinoHS hydronitr^e, Pi(N 02 j 2 * 2 HN 02 , or (HO.NO ; N 0 . 0 ) 2 Ffc, 
by treating the barium salt with the calculate quantity of sulphuric acid, and 
evaporating the filtered soln. in vacuo, over sulphuric acid and sodium hydroxide. 
The salts are described below. The red microscopic prisms readily form hydrnclo- 
nitritotriplaiinouB acid (vide tnfra). The crystals of hydrotetranitritoplatinous acid 
form a yellow aq. soln. with a feeble acidic reaction ; the alcoholic soln. is colourless. 
The aq. soln. gives no precipitate with potassium chloride. The salts of this acid 
readily crystaUize from enne. soln. They are very soluble in water. Most of them 
are stable at 100 ”, but part or aU the water of crystallization is lost at that 
temp. There is the potasdum tetnmitritQplatiiiite, 20 [ 02 .Pt(N 02 ) 2 , or 
[(N02)2Ft(N02)2]K2, and potassium oialatodinitritoplatinite, E2C204.Pt(N02)2, 
or K^(C204)Ft(N02)2l- L. F. Nilson obtained platinoos oxydihydrotetramtri- 
toplati^to, Pt0.H2pt(N02)4, represented by a series of salts— silver, beryllium, 
Bluminium, indium, chromium, and iron (in& infra), HMiocbmitiitotriplatuious 
add, H4Pt;a0(N02)6.2H20, separated as a brown or green ^wder during the 
evaporation of the mother-liquor from the above acid. It gives oC water but 
not nitrogen at 100 ”. It readily dissolves in water, forming a yellow acid-liquor 
which drives carbon dioxide from the earbonates. By saturaling the acid with 
potassium carbonate, L. F. Nilson obtained potassium oxyoctonitritotriplatiiute, 
E4pt20(N02)d.2H20, in yellow plates, which are stable in air; and lose only 
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their water of cryatallization at 100 °. The salt can be recrystallized bom its 
a^. sola. 

The Bexibasic acid, cayh^drohexaiutritCQdatinoiu BGid«H0lM;3O(NO2)Q|ia^^ 
Bcnted by the potassiiiin ozyhexamtritopUitiiute, |^H4Ft30(N02)o.SH20. 
M. V&zes prepared it in small quantities by treating potassium tetranitritoplatinite 
with a halogen. The hot cone. soln. of potassium tetranitritoplatinite is titrated 
with an eq. amount of sulphuric acid, and the green soln. is heated ; nitrous fumes 
are evolved, and, on cooling, dark red needles separate. The salt loses water slowly 
in cold dry air, rapidly at 100°. It dissolves sparingly in cold water, and readily in 
hot water ; it is insoluble in alcohol. The aq. soln. is stable and reacts acid to litmus. 

J. liung prepared platinoiis tetramminodinitrite* [Ft(NH3)4](N02)2.2H20, 
by the action of soln. of platinous tetramminodichloride and silver nitrite, and 
eva])orating the filtrate at a low temp. The four-sided prisms effloresce in air, and 
are dehydrated over none, sulphuric acid. At 145 °, they lose 2 mols of ammonia, 
forming cis-platinous diaimniiiodiniirite, LPM^Ha)2(N02)2] ; and at 250 °, there is a 
feolile detonation. The salt is easily soluble in hot and cold water ; and insoluble 
111 90 per cent, alcohol. The aq. soln. docs not decompose when boiled. If warmed 
wilh potassium tetracliloroplatinitc, not in excess, some Pt(NH3)2(N02)2< or 
|n(NJl3)4lFt(N02)4, is formed- platinous tetnunminotetranitritoplatini^ this 
compound is uLso produced by the action of platinous tetramminodichloride on 
[iiitassium tetranitritoplatinite. L. A. Tschugaefi and W. Chlopin obtained 
It by the action of platinous tetramminodichloride on the complex salt, 
iri((JoU5,S.C2Tl4.8.C2ll5)2JPt(NOn)4. The yellow six-aided needles can be heated 
below 250 ° in dry air without changt', but at that temp, they blacken, forming 
[rt(N]f2)2(N02)2lFt(N().2)2. The salt is sparingly soluble in cold water, and easily 
soluble in hot water. Aq. ammonia diHsolves it more easily than does water ; and 
after boiling the amnioniacal soln., the cis- and trans-forms of platinous diammino- 
dinitrito arc produced. Cold dil. acids have no action ; but the salt is decomposed 
by cone, sulplniric acid ; cunc. hydrochloric a cid acts slowly in the cold, rapidly when 
heated. L. A. Tbcliugaell and S. S. Kiltuinnwich prepared platinous nitrito- 
triamminonitrite, [(NH3)3Pt(N02)](N02). The tetiamminotetianitritoplatinite 
occurs in the isomeric forms : 


Nil, 

NJJ, 


p. NO, 

^NO 


:] 


[NO* Pi 


NH ,1 

NOJ 


.r. Lang heated jilatinum totramminodinitrito to 140 ' 150 °, and obtained 
platinous trans-diamminodinitrite, lPi(NH3)o(N02)2] ; and he also made it by 
digesting the diiodidc with silver nitrite. P. T. Clevo passed the red nitrous fumes 
from starch and nitric acid mto a soln. of the trans-dinitrate ; and abo boiled the 
Inins-dichloridc with potassium nitrite in order to prepare this compound. L. Uam- 
berg purified tlie product by rocrystallization from a hot soln. of sodium nitrite, 
M. Vczes made it by the action of aminouia on a soln. of potassium oxalatodinitrito- 
platinite, and K. A. Hofmann and K. Buchner, by the action of cone. aq. ammonia 
on [lH(C7}l3N)(N02)3]H.C7ll3N. The white crystalline powder contains small 
foui-sidcd prisma. It is not changed at 100°, but detonates feebly at about 240”, 
It is sparingly soluble in cold water, and a little more soluble in hot water ; L. Kam- 
berg said that 0*63 grm. of the salt is dissolved per litre at 25 °. It is insoluble in 
alcohol. It is more soluble in aq. ammonia than in water without forming the 
tetramminoilinitrite. The salt is decomposed by hot nitric acid, and the soln. 
gives colourless crystals of the diomminodinitritodinitrate ; snlphnious acid is 
oxidized to sulphuric acid; cone, sulphuric acid decomposes the salt; hydro- 
chloric acid attacks it in the cold; bromine forms an addition product, 
I't(NHg)2(N02)2Br2. If platinous tctrammiuotetranitritoplatinite be heated to 
230 °^ 240 °, pU^ou diamminotetninUrito^ [Ft(NH3)2(N02)2]Pt(N02)2, 

IS fmmed. J. Lang obtained the same product by heating silver tetranitrito- 
platinite with platinous trans-diamimnodichloridei extracting with water, and 



616 


INOBGAKIO AND THEORETIOAL CHBinBTBT 


diyiug 07 er sulphuric acid. The golden yellow Bcales are not changed at 100 ^ 
but they are decomposed at 250 °- 260 °. The salt dissolves sparingly in cold water, 
readily in hot water. Aq. ammonia dissolves it more readily than does water, and 
the soln. deposits the cis- and trans-dianuuiuodinitrite on cooling. Cold acids 
slowly decompose the salt. 

P. T. Cleve prepared platinoiu cis-diainiiiinodiiiitrite» [Pt(NIl 3 )^(N 02 ) 2 ]i by 
the method employed for the trons-aali, using the els salts as the initial products. 
L. Bamberg purified this salt by the same method as that previously employed. 
The same salt was made by J. Lang as indicated above ; and L. Bamberg made it 
in colourless needles by the action of ammonia on platinous bisrthylthiolaceiodi- 
nitrate. P. T. Cleve said that the boihng soln, deposits pale yellow prisms. The 
salt detonates when heated, and is sparingly soluble in cold water; L. Bamberg 
said that a hire of water dissolves 0*88 grm. of the salt at 25 °. According to 
P. T. Cleve, the salt is decomposed by nitric acid, and sulphur dioxide. Aqua 
regia produces ammonium cbloroplatinate ; bromine and chlorine furnish cis- and 
trans-[Pt(Kll3)2(N 02)2X2] ; dil. hydrochloric acid scarcely attacks it in the cold, 
but when heated, the salt is decomposed. 

1 . I. Tscheruyaeff treated platinous oxalatodinilrite with hydioxylamino ant] 
obtained platinous cis-dinitritohydiozylaniine, |Pt(Nl)30)2(iNO>)j], which, wulli 
amiiiouia forms platinous mtritodihydroxylaminoammine, [ri(Nll3())(Nil20)- 
(NHjKNO,)]. or 

NH,Op NH.rn 

NH, SO, I 

This compound is not attacked by cold acids, but with hot hydrochloric acid, it 
furms platinous nitrilMhlorohydiroxylBinmme, Pt|(NH30)N(Il3)(N()2)ni> which, 
with water, hydrolyzes to form platinous hydrozynitritohydroxylaminoaminine, 
[rt(Nll80)(NH3)(NO2)(Oll)], and forms a monohydratc with alkali-lyc, which, 
with hydrochloric acid, reforms the chlorouitrite. Both llie hydrate, and the 
nitritodibydroxylamiunainmiue with pyridine form platinous nitritopyridino- 
bydroxylaminoammine, LI't(NJl20)(Py)(NFl3)(N02)J, which is decomposed by 
acids. Similarly platiimus trans-dkitritohydrozylamm [ri(NH, 0 )(NH 20 )- 
(NOglg], or 

is obtained in yellowish needles, less soluble m water than the cf^-compound, and 
^\hich, with ammonia, forms lPt(NIl30)2(NIi3)(N02)l, and, wdth dil hydro(*hloric 
acid, fuiniohes platinous nitritodibydr^laminoamminochloride, IPtfNHsOjj, 
(NH3)(NOa)](l; it is re-formed by treating this compound with alkali-lye, and 
with hydrochloric acid and potassium chloropkitinate dark red crystals of the 
cbloioplatinite» [rt(NlIs 0 ) 2 (Nlf 3 )(N 02 )| 2 PtCl 4 , are fonned. These coin])ouiu 1 ^ 
illustrate how' tlie substitution of an atom of hydrogen in hydroxylaininc iucreasi 
the acid properties of the latter by the proxinuty of the N02-Rroup ; just as in 
picric acid, the activity of the (OH)-group is augmented by the NOji-groups. 

I. I. Tschernyaefl found that platinous trans-dinitrodmmmine with hydroxyl^ 
amine hydrochloride gives oS nitrogen, and forms platinOQS traDS-Ctaloronitrito- 
diammine, [Pt(NIl3)2(]l(N02)J ; and with more hydroxylumine there is formed 
platinons trans-nitritohydzoiylammodiamminom^ [Pt(NJf3)2(NM30)(N0.!)J' 
NU2, which gives a red chlovoi^tinite ; and siimlarly with platinous ds-nitrito- 
hydroxylaminodiamimnQmtri [Pt(NH3)2(NH30)(N02)JN02, which also fonu^ 
a dark red chloioplatinitc. 

I I. TsclieniyaefT found that an excess of hydroxylamine reacts wiUj platinous tran^* 
pyriclirioamminodiniirito U) form plaUnous trans-iilMtohydroxylaiiilDopyrldlDoaininliioiiltrltCi 
ii*t(NH|0)(Py)(NH.3][N0|)JN0|, which givos a rose-coloured ohloroplatinlte m rliutuM* 
plates. Platmous trans-pytiduioamminodinitrite ammooia furnish plaUnottS ( 1 ^ 
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nlMtopyrtdlBOdlaminiBOilltritai [Pt(NH|)|(Py)(NO|)1NO|, which gives » yellow Qhloro- 
plittnltoi Ftodium nitnte acta on platitioiu trans-hydroxylaininopyiidinodiehlondo, 
|rt(NlisO)(l’v)C] 2 ), to form platinoiif transHlliiltritohydroiylamiiiopyridlnSf Li!^(N^ 

(NO|)il; and do platiiious trana-hydrnzylanuiiDamnimDdiBhlonije, frt(NUBO)(NH|)ClJ, 
tD form platlnouB traiiMdUoroiUtrltoliydroxylimlnoaiiiiiilnBt |Pt(NJ:1,0(KH|)Cl(N0a)J. Tho 
trana-cliloromlritM with hydroxy Lamino hydrochloiide yiold the tnms-dinitrites ; and 
a numbor of pyridine compounds woro prepared, which with alkali-lyo form the trans- 
liydroxvnilntes. Thus, the trans-chlorouiinte yields needles of platlnoiu tnUDS-nitifto*- 
pyridlnodlammlnoclilorlde, LI^ttNililiVylNOgllCl. which forms roso-roloutcrl piuics of tlio 
ctaloroplatlalte. Wheu platmoua ohloronitniopyridinoBxniniDO, [PtrNilO(l'y)l> I'f 

Irrulcil ifMth hydroxyliimiiid» it fuims loIoutIssb needles of platlnous nltritohydroxylamlnD- 
pyrldlnoanunlnochloridB, [Pt(NIi|0)(I41l^)(ry](N0|)|Cl; when platmous nitniQchlnropyn- 
ilinoh} rtroxylamms, Li’itNHsOjfJ'ylClt^O:)], is treated with ammoiuapit forms a yellow 
golalmous inoBB which, \villi hydrociihuir aiid and potassium chloroplatinite forms hiiglit 
\t>ilow chloroplatinite, of platlnous nitiltoliydroxylamliiDpyrldlnosmmliie, li't[N]IjU)(MJO- 

^l’y)(NO|)1|PtCl| If plntinous nitntochloruhydroxylaminoammino is treated with 
p\ri(line and potassium chlnroplalimte, rose coloured pnsms of the rhluroplulmite nt 
plaUnona idtrltobydroxylamlnopyridlnoammlne, [Pt(NH| 0 )NH|)|Fy](N 0 |)J 2 PtCl 4 2[i|U are 
lormod. 


I. 1 . Tscliernyaell showed that if platinons trana-dinitritodiammine is treateil 
with hydrazine sul[)hato it forms ^platuioos dimtritodihydn2dn()diammmo- 
sulphate, [lNIIa)(N02)rt(N2H4)2Pt(Nll3)(N02)1804 , and with platinons Irans 
' ilinitiitohydroxylaniinoammine, diplatlnoiia dUlniiritodihydroxylaiumodiliyd^ 
Bulphatei (NH3())(N0s;)rt(N2H4)2Pt(NJl8)(N02)]S04, is formed. Platinons ci'> 
and trans dinitrodiaiummcs with etliylenediamine respectively form platinoas 
diiutroettiylenediamine, [Pt(en)(N02)2], and platinons nitritoamminodiefhylene* 
diamiuobydiozide, [rt(pn]2(NH3)(N()2i|0[l ; while platinons trans-mtntorhloro- 
diihiiuinc ^vos platoons dfiuixitoetiiyleneffiBminotetonuninochloride, 
|l^Il^)2(N02)l*t(en)IH(N■02)(NH3)2^Cl2, which forms a bright yellow chloroplati- 
lule ; and when it is boiled with ethyleneiliamine and trea^ with potassium 
rliloroplitinilc, it yields the chloioplatinitc of platoons nilriiMniminodiethylBno- 
diamine. If platinons nitritochloro>hydrozylaminoammine h treated with ethylem - 
it furnishes the chloroplatinite of diplatinons dinitritodihydzoxylainino- 
ethylenediaminodiammine,[(NH20)(N H3)(N U2)Ft(en)Pt(N02)(NH8)(NH30)].FtCl4. 


K Koofued piopon^d a series of salts with dxmMylamini in place of ammonia. 
[J*t{(tH,)|Nll),(NOj)|l j S. Ci. fledm, pyndiae, cis- find trails [rt(C,n,N)i(NOa)g1 ; 
L Tsrltugaorr and \V Chlopin, C, W. Blomslraud, and C Enebusko, dvthahyl Bidphidt, 
tTanB-lPt{( 01 lB)|S},(NO|)B] ; C W. Blomdrand, and M Weibull, d%ethyl BuJphidr, irons- 
[rt{(OjTK),S}g(NO,)gl; V Kutlelius, and t\ W BLomstrond, dtpropyl sulphide^ cis- and 
trans-[Pt((r^,)iB}|( 1 ^ 0 ,),l ; C. Rudohus, and M WoibuU, swlpAtdp, Irans- 

[Pl{(UsH,)gS}jfN(),)gl; iJ. LOndalil, and M Weibull, dibufyl sulphide, cis- and trans- 
|l't{(l\lI|),sj-(iVO|)al ; H, LOndahl, and C. W. Blom^trand, dibca:i//vi^ip/iif/t, 
ll’t{(C',H|rHJgB}.(NOa)al; JI Lrtndahl, difihylene salpltith, |rt(C,Ug),S,(NOg»jl , 
L. 'INchngaofi and W. Cldopin, dwirihylethyUnpdUhioether, LPt(CHg S C1II4 S.Cll8)g(NO|)j), 
ditihiMhyhnfilithwdh&r, [Pt(C,H. S UtIL«.S C|ll|)*(NO|),J; dypiopyUthyl&hrdilhwtthtr, 
rPt(PgU,.S C/»Il4.S.r|H7),(NO,)il, ddnaylethyUnedUhtoaher, [Pt(C,Il, S.C, U 4.8.04118)2- 
(N()j)j], dielhylpropylenedithwcther, [FtiUiHg B CiH, R C,H|)|(NO|)|]» diethyl- 
hydnucypropylenedtthwahfr, tPi(C|If| S CH(OH) CHg.S.C 8 Hj)|(N 08 )il ; and tlie snU 
rJ*t{(C,U4),SK(OiH8),S}(NO,),] ; B. Tyden, thioglycoUus acid, lFt{B(CH, OOOHj.I.iNOJ.I, 
bodium thwglycolXaU, IPttStCH- COONajgl.tNO,),!, and [PttStlTl.UOOH)^)- 
(HOOUCH,B.CH4GOOH)(NO|)]; J. Poir&n, diethylsdcMde, [PttlCiHBjiSclitNOg).] ; and 
[^'^{(^\n8)8S}{(C,H,)4Se)(NO,)|]; K. A. Hofmann and K. Buchner, iolmdine. 


0 . Carlgren and F. T. Glcve prepared platinnm dihydrozytetnuniiiuio nitritOi 
[Ft(NIla)4(0H)2](N02)2, in acicular crystals by the action of silver nitrite on the 
cUoride. P, T. Clevo^ and W. Odling prepared platoum dinitritototoiiiDiiiio 
nitrate, [Pt(NH8)4(N0g)2](N0a)2, by passing the red vapours from etarcli and 
nitric acid into an aq. soln. of platinous tetramminosulphate ; E. A. lludow, 
and B. Gerdes, by passing thebe vapours into a solu. of platmous tetramminoni Irate 
acidified with nitnc acid ; E. Eocfocd, by the action of sodium nitrite on the same 
Boln. According to P. T. deve, B. Gerdes, and E. A. Hadow, the deep blue jicwder 
consists of miorosoopic ootahedra or dodocahedia, E. A* Uadow said that the salt 
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can be dried at 100° without decomposition ; and P. T. Cleve observed no change 
at 120°, but at 140° it becomes ydlow and then brown. At 143°, the salt decom- 
poses; and at 170°, B. Koefocd found that it suddenly explodes. It dis- 
Bolvps in water with decomposition, and when the aij. soln. is crystallized, 
[Pt(NH3)4(OH)(NOB)](N08)} is formed. It dissolves in soda-lye with decom- 
position. £. A. lladow represented the constitution : 

H NO, 

0=N— ]^NH,.NH,.NO,), 

0=N-ri(NH,.NH,.NO,), 

H ND, 

A*. T. Govb made platinum nUritoiodo-tetrammine nitrat\ [Pt(NH,) 4 (NO,)T](NO,),; 
f^inwn nUHtUT%ehhi^\amm\nt, [Pt(NH,),i^l,(NO,)] ; plalxnum ciidxnvtrdodimirato- 
dtdmmtne, [l*t(NH,)|(NO,)|(NO,),3 ; P. T. (’leve, and U. W. Blumstrond, pkUmum cia- 
and Crons -dtnitn(odirA2orodtamrmn*, [J^(NH,)|Cl,(NO,)|1 ; and platinum ns- and trans- 
dinUritodibrOTnodiamminB, [Pt(NH|)yBr|(NO,)|] ; C. \V. Blomstrand, platinum cur-ii»M/n- 
tOBulphaiodiammine, [rt(NHa)|(NOt)|(S 04 )] ; P. T. Clove, pUdinvm dinitrdohydroxythloro- 
dimnmine, [Pt(NH,)|(NO,),(OU)Cl| ; and platinum dinilTUonitratochlarodtamiMm, 
[Pl;(NB,)i(ND,),(NO,)Cl]. J. Petiifn, platinum dinitntjdichlorobiadmcihyUtchntdi^ 
lPt{(Ul],),Se}|(NO,),Gl,l ; platinum dintirUodibromobisdimahylsdenidc, [Pt{((’}l 3 )|Ho}j- 
(NO,)|Br|]; and platinum dinitritoduodobisdimsthylselenidef , 

J. Preir^n also prepared ;j2a/inu?n dinitrUodibromotiiraeihylsvlphnsehnidi, IPtilC’sH^IgSe- 
((C|E,]|S}(NO|),Dr|], os well os platinum dmitntodnodvtstractkyljmlplmtlfnide 
£ KoofoLd prepared a rom])lpz platinum minlonilrosylchlorodiammine hyfhoLhlotult, 
Pt(^Ha)^(NC),)(KO)Cl.ll^l Jll.O 

L. F. Nilson prepared ditaydrated ammonium tetranitritoplatinite, 

(NH4)2Pt(N02)4.2H20, by rubhinfr together eq. proportions of ainmoniuin clilondc 
and silver letranitntoplatinite with os little water as po.ssi1)li\ ami evaporating the 
soln. in vacuo. The colourless or pa<le yellow six-sided jd.itn are M.iMe in air. 
According to H. Topsoe, the rhombic crystals have the axial ratios a.’hio 
= 0*4910: 1 :0'9094. L. F. Nilson said that the crystals Iwomc anhydrous 
ammoniam tetranitritoplatinite, (NU4)2Pt(N02)4, in vacuo over sulphunc arid. 
If heated over a free flame, the salt explodes, Ib is sparingly soluble in water. 
J. Lang reported a monohjdrale to be formed during tlie evap. of the aq. soln , but 

L. F. Nilson could not find it. J. Lang prepared potassium nitritoplatinite, 
or potassium platinous tdranitrite, K2Fi(N02)4, by crybtallization from a mixture of 
potassium ehloroplaiiiiite and potassium nitrite in the niular pro])ortions 1 : 4. 

M. Vezes obtained it from a soln. of platinum in aqua rrgia and potassium nitrite ; 
and also from potassium oxalatoplatinite and potassium nitrite. The colourless 
four- or six-sided monoclinic prisms have, according to If. Toj)suo, the axial ratios 
fl : 6 : c— OTiOfiK ; 1 : 0'718G, and JB- 96° 12J', Areordiug to J. liung, IfX) parts 
of water at 15'^ dissolve 3*7 parts of the salt, and the solubility is greater in warm 
water. The soln. has a neutral reaction, and the aq. soln. deposits crystals of 
the salt undecomposed. J. Lang, L. F. Nihon, M. Vezes, and >1. 0. Soderbauni 
obtained colourless rhombohedra of dihydraM potassium letranitritoplatmite, 
K2Pt(N02)4.2H20, by the slow evaporation of the aq. soln. II. Duiet found the 
triclinir pinacoids have the axial ratios a:h:c-Ch72B2: 1 :0-7112, a=79° !>0', 
j3= 108° 48', and y=94° 50-5'. The crystals lose nearly all their water in 24 hrs. 
C. W. Blomstrand observed that chlorine and bromine react with polassiimi 
tetranitritoplatinite, forming chloro- or bromo-miriies ; but iodine has scarcely 
any action. M, V^es prepared a series of chloronitrites, bromonitritc’S, or iodo- 
nitrites, by the action of the halogen or hslidc acid. J. Lang found that potosh-lye 
decomposes the salt ; alkali carbonates have no action on the salt ; hydrogen 
sulphide, and ammonium sulphide darken the heated salt; sulphuric acid or 
hydrochloric acid makes the soln. dark green ; when the soln. is heated, red fumes 
are given ofi ; stannous chloride gives a yellow precipitate and a dark red soln. ; 
mercurous nitrate gives a white pri'cipitate ; ferrous sulphate, a yellowish-brown 
precipitate iu about 24 hrs. ; urea gives^ when heated, a y(^ow soln. with the evolu- 
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tion of a little gas ; urea niliate acts similarly^ and later gives a yellow precipitate 
which detonates when heated. A. Miolati found that the dry salt with liquid 
nitrogen peroxide foreas a green solid, potassium dinitrosyltetcaiutrito^ 
K 2 Tt(N 02 ) 4 .N 204 , which is stable over calcium chloride ; but is decomposed over 
Bulphurio acid. It is decomposed at ISO"* ; it is decomposed by aq. ammonia, forming 
platinous diamminodinitrite ; and it forma a complex salli with pyridine, 
Pt(C2H4N)2(N02)2. 

L. F. Nilson prepared mbidiiim tetranitritoplatimto, Rb2Pt(N02)4, from 
the Boln. obtained by mixing tho silver salt with rubidium chloride. The spon- 
taneous evaporation of the soln. furnishes colourless pnsms of dibydxated rnbiffilim 
tetianitritoplatinite, Kb 2 Pt(N 02 ) 4 . 2 U 20 ; at this salt becomes anhydrous. 
11. Tupsoe found the monoclinic prisms of the anhydrous salt have the axial ratios 
a:h\ c»0*G142 : 1 ; 0-7] 03, and j3=95'’ Or ; and they are isomorphous with the 
])i»tassium salt] tho axial ratios of the monoclinic prisms of the ilihydrate are 
a:b: c=2‘0109 : 1 : 1*7935, and j8=91'‘ 4U', and they are isomorphous with the 
iiiLimoniuni salt. IL A. Miers eniphasized that rubidium does not here occupy 
nil mt(‘rinediate posit ion crysiallographically between potassium and caesium. 
L P, Nilbon added that the Lydrale is stable in air at ordinary temp., but in a dry 
itiii. elllDrcRcenre occurs. Tho water is lost at 100^. Both salts ore soluble in 
mill water, more so in lint water. L. F. Nilson likewise prepared colourless or pale 
v« How crystals of caesium tetranitritoplatimte, The properties are 

like those of the rubidium salt. II. Tojisbe gave a:b: c-J*ni22 : 1 : 0-6291, and 
/j 99° 50' for the axial ratios of the mouoehnic prisms. L. F. Nilson prepared 
colourless prLsm'i of tiihydratcd lithium tetranitritoplatinitei Li2Pt(N02)4.3H20, 
a ) 111 tho case of the rubidium salt. The water is expelled at lOt)"^ ; the crystals are 
lisgio.scoj>ic, and easily soluble in water. 11. Tdpsoe found the axial ratios of the 
iliuuibic bip>rami;lH to be a:b:c -0-9576:1:0-7501. J. Lang made sodium 
tetranitritopiatmite, Na 2 l't(NOo) 4 , by evaporating the soln. obtaiued liy mixing 
builiuin nitrite and sodium totrachluruplatimto ; M. Ybzes, by imxiug soln. of 
liMlriicldoro]i]atiQic acid and an excess of sodium nitrite ; and L. F. Nilson, from 
mixed soln. of soihuin chloride and silver tetramtritopluliiuie. The slow evapora- 
tion of the soln. furnishes pale yellow, rhombic or monoclimc prisms, which H. Tupsoe 
found to have the axial ratios a : b : c=l’4442 : 1 ; 0-6637. The crystals sojiarating 
irom the aq. soln. are probably liydrated, but they readily ellloicscc. All the water 
e\pelled at 100'*. J. Lang said that the salt is very fanluble in cold or hot water, 
ami the holu. has a neutral reaction. Chlonuc or hyJiochlonc acid dcroniposes 
the M)]n. 

L. F. Nilson treated a cone. soln. of barium tctranitritoplatmite with one of 
( upper sulphate, and obtained acieular, yellow crystals of copper oxytetianitrito- 
platinite, Cu0.30uPt(N02)4.l8H20, wliicli dr'cumpoHc at lOO**, and in aq. soln. 
The mother-liquor from tho basic salt furnishes green needles of Inhydrated copper 
tetranitritoidatuute, CuPt(N02)4-3ll20, which are decoiuposed at 100"*. The salt 
ih very soluble in water. J. Lang made silver tetraiutritoplatiiiite, Ag2Pt(N02)4, 
mixing potassium tetraniiritoplatinite and silver nitrate in hot roue. soln. and 
; and E. Priwoznik, by digesting an excess of a silver platinum alloy with 
mine acid. Tho salt can bo puiided by rccrystallizaiion from hot water, and 
dried at 100'^, The yellowish-green, or bronze-yellow, needle-liko crystals were 
found by U, Topsoe to be munorlinic prisms, wiLh the axial ratios a:b:c 
=0*9000 : 1 ; 0-5091, and jB- -98° 0-5' ; F. von Foullon gave a:b: c=0‘96SG : 1 : 0'5127, 
nnd ^r=78° IBJ', where 78° is probably a slip of the pen for 98°. The crystals are 
St able in air, J. Laog said that they blacken when exposed to light, and decompose 
Without detonation when heated ; E. Priwoznik observed that nitrogen peroxide 
IS first evolved and then oxygen. The salt is scarcely soluble in cold water, but is 
readily dissolved by hot water ; F. L. Nilson found that small quantities of a basic 
sdlt--Ag 2 pt 20 (N 02 ) 2 , silver oxydinitritoiliplatinitc — are formed when the normal 
salt is crystallized* Thu crystals of the basic salt are green or greenish-yellow, 



520 


INORGANIO AND THEORETICAL 0HBMI8TRY 


four-sided prisms. J. Lang found that ammonia transforms the tetranitrito-platinite 
into a white substance easily soluble in water, and forming prisms when the aq. solo, 
is oijstallized. Green silver chloride is formed by treaLing the aq. soln. with 
hydrochloric acid — ^the green colour is due to absorbed nitrogi^u peroxide. 

L. F. Nilson prepared calcinm tetranitritoplatiiiite, CaVtiNOsli.OHaO, in yellow 
four-sided prisms by the ad ion of cone. solu. of calcium chloride on the silver salt. 
The crystals are stable in moist sir, but etlloresco over sulpliuric arid ; they lose 
all their water at lOO'*; and are very soluble in water. L. F. Nilson prepared 
strontiiini tetranitantoi^tinitei Srft(N 02 ) 4 - 3 Il 20 , by the action of a soln. of 
strontium chloride on the silver salt. The colourless or pale yellow, six-sided i>lates 
were shown by H. Topsde to be triclinic pinncoiflS'-]) 8 eudomonuclinic— with 
axial ratios a : 5 : r=0-5598 : 1 *5712, or a=93“ 6 '. j 8 ^--£K)° O', anrly-rrOO*^ O'. L, F. Nil- 
son added that the crystals are stable in air, and lose Iwo-thirds tlio total water 
at 100 ° ; they blacken at dull redness ; and arc 6 ]»ariugly soluble in cold water, 
but readily soluble in hoi water. J. Lang, and L. F. Nilson made barium totra- 
rntritoplatmite, BaPt(N 02 ) 4 . 3 n 20 , by the aetion of soln. of barium chloride on the 
silver salt. The colourless plates or pn^ins were found by II. Topsoe to he tiirlmir 
pinaroids— pspudomonocliiiir— with axial ratios b:5:c- U-5722 : 1 ; 1-7172, and 
a=:92° 12', jS— 90° O', andy - 90“ O'. J. Lang, and L. F. Nilson found the crystals 
to be quile stable in air ; and after drying in air, to lose nothing in wi igitt in vacuo 
over pota<^sium hydroxide. The crystals arc spariiigl} soluble in cold water, hut 
readily soluble in Lot water. They arc also more soluble in cold water th.an the 
potassium salt 

L. F. Nilson prepared a basic saltr— beryllium oxytetranitritodiplatinite, 
BePto 0 (N 02 ) 4 . 9 H 20 — ^fiom rone, soln, of beryllium sulphate and banuni tetra- 
nitritoplatiuitc. after evuporatiou first on a water-bath and tlieii over roue, saljdniric 
acid or in vacuo. The small red pyrainidal crystals lose six mols of water at MiY ; 
they are sparingly soluble in cold water, forming a yellow soln. whiidi devehqis 
nitrous fumes on a watcr-batb. L. F. Nikon obtained magnesium tetranitrito 
platinite, Mgrt(N 02 ) 4 .DHn 0 , by the actiun of maguosiiim Bal}jhate on the bdiiuni 
salt. The colourless six-sided prisms are monoclmic, and 11. Tupsoe found for the 
axial ratios a:b: c=-'0'61t)l ; 1 ; 0-4101, and Sfi-jj'. L. F. Nilson found the 

crystals to be stable at 100°, and to decuiiipove at dull redness. L F. Nilson obtained 
rolourless or pale yellow crystals of zinc tetranitritoplatmite, Zurt(N 02)4 8 ]r 20 , 
from zinc sulphate and the barium salt. They are fairly stable m air, hut (ir‘Cuin])OHc 
at 100 °. TJiey are readily soluble in water. H. Tupsoe said that the triclinir 
])inacoids are i 8 omor))hous with the nickel and manganese salts, L. V. Nilson 
made yellow crystals of cadmium tetianitritoplatinite, CdPt(NtL)]. 3 Il 20 , from 
oadmiuni sul])hatc and tlie buriuiu salt. They are stable in moist air ; effloresce 
in dry uir, and lose all their water of crystallization without deeoiiLposition 
at 100°. II. Tdpsoe said the monor-linic prisms have the axial ratios 
a:h:c -l'0fi27 : 1 : 1-5850, and )3^98° 25*5'. L. K. Nilson, and J. Lang obtained 
a basic suit -mcieurons cnytetruiutritoplatiiiite, Hg 20 .Hg 2 pt(N 02 ) 4 . 1 ] 20 — by tbc 
action of a feebly acid snlii. of mercurous nitrate on a soln. of potassium tetranitrito- 
platinite. The pale yellow jirecipitate consists of microscopic prisms ; they lose 
a mol of water at 60° ; and blacken at 100°. L. F. Nilson said that if boiling soln. 
of mercuric chloride and silver tetramtnto])latin]te are mixed, silver chloridi' is 
precipitated, and the filtrate when evajioratcd gives a ycUow amorphous substanee 
and pale yellow crystals which could not be separated— one may be normal or basic 
mercuric tctraniiiitoplatinifp. 

L. F. Nilson evaporated over sulphuric acid the liquid obtained by the action 
of barium tetraniiritoplatinite on aluminium sulphate. The colourless cubic 
crystals of aluminium dodscanitritotriplatmate^ Al 2 Ft 3 (N 02 )i£ l 4 H 20 , so obtained 
are fairly stable, but decompose at 100 ° ; if the aq. soln. be evaporated on a watci- 
bath orange-rod needles are produced witli the conipositinn AlPt2(0ll)3(N02)4-41lHtb 
aluminiaffl trihydnirtetniu They lose water at 100 ° ; and are 
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slightly Soluble in cold water; easily soluble in water; and soluble in alcohol. 
By treating soln. of the silver salt with indium trichloride, and evaporating the 
Qtiate, L. F. Nikon obtained red, needle-likt^ crystals of a basic salt^lndiliin 
trihydi0xytetraiutEito]4at^ InPt2(Ofi)3(N 02)4.41120 — sparingly soluble in 

cold water. L. F. Nikon ako prepared lemon-yellow, four-sided prisms of yttriuni 
dodecamIritotllpUtulitei T2E4NO2.Ftls.9H2O, and 72 [ 4 N 02 .Ft] 3 . 21 H 20 ; orange- 
yellow, fuur-sid^ prisms of erbium dodecf^tritotriplatinite, Er2E4NO2.Ptl3.9H2O, 
and Er 2 r 4 N 02 .Ftl 8 . 21 H 20 ; yellow, four-sided plates or ihombohedra of oerous 
dodecanitritotiiplatinit^ Ce 2 E 4 N 02 .Ptla.lBH 20 ; yellow, four-sided plates of 
rhombohedra of lanthanum dodeGanitritotriplatinite, La 2 E 4 N 02 .Ftl 3 . 18 H 20 ; and 
yellow, four-sided plates or rhombohedra didymium dodecanibitotriplatinite, 
DinEdN02.Ftl3.18n20, from the barium salt and the sulphate of the rare earth. 
Colourless four- or six-sided needles or prisms of ihallous tetranltritoplatinitei 
Tl2Ft(N02)4, were ako made by the action of thallous sulphate on the barium salt. 
The rrystak are stable in moist and dry air, and at 100 ° ; they are soluble in cold 
water, more so in hot water. H, Topsue gave for the axial ratios of the monoclinic 
prisms d : b : 0 — 1*2309 : I : 0 * 9034 , and 105 ° 30 '. L. F. Nikon prepared lead 
tetranitritoplatinitei FbFl(N 02 ) 4 . 3 H 20 , from the filtrate by treating soln. of lead 
rhlorido and silver tetranitritoplatinite. The six-sided prisms are stable in air ; 
lo.se thflr water at 100 ° ; and are sparingly soluble in water. H. Topsoe gave for the 
monoclinio prisms — pseudohcxagonal— the axial ratios 0 : b : c= 0-5471 : 1 ; 1 * 3055 , 
and a - 92 ° 18 '. 

L. F. Nikon prepared cry.sl.ils of chromium trihydroxytetranitritodiplatinite, 
CrPto(0Il)3(N02)4.11H2t), from the soln. obtained by treating soln. of chromic 
wMiljiliate with barium tetranitritoplatinite. The small red crystak resemble the 
lusie beryllium salt. They lose nine mols of water at 100 ° ; and are soluble in 
water. He ako oblaiucd manganese telranitritoplatiniie, MnPt(N 02 ) 4 .BH 20 , 
from manganese sulphate and the barium salt. The crystak arc fairly stable in air, 
but gradually form brown manganese oxide ; they decompose at 100 °. H. TbpsLi(‘ 
gave fur the axial ratios of the Irieliiiie pinaconk, a;b:c= 0 * 7025 ; 1 : — , and 
a 84 ° 31 ', / 3 = 107 ° 52 ', and y= 98 ° 43 '. By evaporating in vacuo over sulphune 
acjd the filtrate from a mixed soln. of ferrous sulphate and the barium salt, 
L. F. Nikon obUiiied a tiasic salt— ferrous trio^odecanitritohexaplatimte^ 
F 3OH2O ; and similarly by evaporating the filtrate from a mixture 
of ferric ehloride and silver tetranitritoplatinite. The crystals resemble those of 
the basic salts of beryllium and chromium. They lose 24 mok of water at 100 °, 
.ind are soluble in water. He also pre]iarcd cobulious tctrauitritoplfttinitei 
t\)Pt(N 1)2)4.81120, by evaporating the filtrate from a soln, of cobalt siil])hate and 
the 1 )arium salt. The red, four-sided prisms are isomorphous with those of the 
nmiig^inesp salt. The crystals are stable in air ; decompose at 100 ° ; and dissolve 
readily in water. H. Topsoe found the axial ratios of the triclinic pinacoids to be 
a:b\c~. 0*6998 ; 1 : 0 * 88 , and a - 84 ° 67 ', j 3 = 108 ° 5 ', and y= 97 ° O'. The corre- 
sponding nickel tetranitritoplatinite, NiFt(N02)4.6H20, was obtained by 
L. F. Nikon, in a maimer similar to that used for the cobalt salt. The properties 
are similar, and H. Topsoe found the crystals to be isomorphous. 

A. Miolati obtained potassium hydroohlorotetranitritoplatinite, R2Ft(N02)4- 
HCl, by treating powdered potassium tetranitritoplatinite with cold, cone, 
hydrochloric acid. The product is soluble in water, and on evaporation crystals of 
potassium chlorotiinitritoplatinitev E2Ft(N02)3-2H20, are formed. M. Yhzcs 
nmilc tlio latter salt by heating a soln. of a mol of potassium tetranitritoplatinite, 
und a mol of hydrogen chloride in dil, soln. The pale yellow plates arc stable in 
ah ; lose water at 100° ; and melt at a higher temp., giving off nitrous fumes. 
1 00 parts of cold water dissolve 33'3 parts uf salt ; and hot water, 50 parts. The 
yellow soln. is stable even at 100°, A soln. of potassium nitrite reforms the tetra- 
nitritoplatiiiite, and an excess of chlorine forms chloroplatinate ; a little chlorine- 
water forms triohlorotrinitiitoplatiiiate ; and a little hydrogen chloride forms 
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potaadnm dicUorodmitritoi^tiiiit 0 » E 2 Pt(N 02 ) 2 Gl 2 . The latter salt waa also made 
by M. V^es by cooling a mixed cone. soln. of potassium tetrachloroplatinite and 
tetianifcritoplatinite ; and by boiling equi-molar parts of potassium ozaJatodinitrito- 

{ latinitsi and copper chloride. The yellow needles were shown by H. Dufet to 
e monoclinic prisms with axial ratios a:h: c=0-503B : 1 : 0-3074, and fi=103° 5V, 
The crystals are stable in air ; they lose no weight at 100 ° ; they mdt and decompose 
at dull redness ; 100 parts of cold water dissolve 33-3 parts of salt, and hoi water, 
60 parts. The aq. soln. is very stable. An excess of chlorine or hydrochloric acid 
converts it into chluroplatinatc, and an excess of potassium nitrite into nitrito- 
platinite. A. Miolali was unable to prepare potassium dichlorodiniiritoplatinite, 
K2ptCl2(N 02 ) 2 - 

M. Vczes prepared potassium bromotrinitritoplatinite, K 2 Pt(N 02 ) 3 Br. 2 H 20 , 
as in the case of the correBi>onding chloro-salt. The crystals are isomorphous with 
the same compound. The propertii's arc also analogous. M. made potassium 
dibromodinitritoplatimta, K 2 ?t(N 02 ) 2 Br 2 .Il 20 , by the methods pm^doyed for 
the corrosponding chloro-salt. The pale yellow plates are tricliiiic pinacoids which 
H. Dufet found to have the axial ratios a:h: c- l)-D920 : 1 : 1*3170, and a=90° 5S', 
42*5', and y=91° T. The properties of the salt resemble those of tbe corre- 
sponding chloro-salt. L. F. Nihon jirepared potassium diiododinitritoplatinite, 
K 2 l’t(N 02 ) 2 l 2 ‘ 2 Jl 2 (^s the action of a mol of potassium telranitritoplatinite on 
2 gram-atoms of iodine in alcoholic ^oln. at 30°-40° ; and M. Vezes, by the action of 
eq. proportions of lead iodide and ]>ota^Hium oxalatudiiiitritoplatinite. The cone, 
of the soln. furnishes rcddisli-yelluw jmstns whicli II. Dufet classed as tetragonal 
bipyramids ^vitli the axial ratio a : c - 1 : 0-58D1 ; the refractive indices for Na-light 
are m>-=^ 1-7‘J0‘J, and c— 1-6527 ; the optical character is negative. The dichroic crystals 
are pale greenish-yellow viewed parallel to thii c-axis ; and orange, perpendicular 
to that axis. L. F. Nilaon found that the crystals are stable in air ; they lose their 
water at 100° ; they arc very soluble in water ; the aq. soln. darkens at 100° ; the salt 
is very soluble in alcohol. L. F. Nikon ms do rubidium diiododinitritoplatimtet 
Kb 2 pt(N 02 ) 2 l 2 - 2 H 20 , from a holn. of rubiiliiini sulphate anil barium diiorlonitnto- 
platinite. The lemon-yellow plates were considered by P. (aroth to be triclinic 
pinacoids, and to have the axial ratios a : 6 ; c=0’!)418 : 1 : 0-5873, and a —84° 4l\ 
j3=98° and y- 87° 24'. IT. A. Miers emiihasizcd that rubidium is not always 
intermediate between potassium and cuosi’ im crystallDgraphically , as here. G . Negri 
considers these observations arc not accurate. The salt is stable in air ; it los(‘S 
its water at 100** ; and is readily dissolved by water. L. F. Nikon prepared the 
conesponding csBsium diiododmitri^latimte, C 8 Pt(N 02 )I^- 2 U 20 , in a similar 
manner. The properties are ako similar. The lemou-yfdlow, monoclinic, prismatic 
crystals were found by P. Groth to have the axial ratio a:b:c -0*9125 : 0*6502, 
and jS— 98'' 20'. L. F. Ndson prepared yellow crystals of lithium diiododinitrito- 
plati^te, Li2pt(N02)2l2<6H20, in a similar manner. They deliquesce in air ; lost* 
5 mols of water at 100°, and decompose ; they are very soluble in water. L. F. Nikon 
ako made sodium diiododinitritoplati^te, Na2Pt(N02)2l2*4H20, in a similar way. 
The lemon-yellow crystak are stable in air ; lose all their water at 100° ; and are 
very soluble in water. P. Groth found the axial ratios of the triclinic pinacoids t4i 
be o:6:c=0-9049: 1:0*7126, and a=102° 9', 23-5', and y-=‘80° 31-5'. 

They are feebly dichroic. The corresponding ouprio diiododiiiitritoplatinites or 
a basic derivative, was obtained by L. F. Nilwn by the action of cupric sulphate 
on the barium salt* Green, four-sided, prismatic crystak were mixed with a black 
substance. L. F. Nikon prepared silver diiododiniliitoplatiiiite, Ag 2 Pt(N 02 ) 2 l 2 « 
by the action of silver nitrate on an alkali diiododinitritoplatinite. The lemon- 
yellow powder is amorphous and it is decomposed by water : 2 Ag 2 Pt(N 02 ) 2 l 2 +^ 2 ^ 
a= 4 AgI+PtO.H 2 Pt(N 02 ) 4 . The salt decomposes at 100°, and it is very sparingly 
soluble in water, L, F. Nikon prepared calcium diiodiOdmitritoi^tillitPf 
Carb(N 02 )l 2 . 6 H 20 , by the action of alcoholic iodine on calcium tetranitritoplatinite. 
The ycUowkb-red monoclinic prisms were found by P. Groth to have tho azial 
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ratiofl 0:5; c»l'238 ; 1 : 1*794, and J3=124° 14'. The crystab aie atable in aix ; 
give off 6 mob of water at 100'* with decompoailioD ; and are very soluble in water. 

L. F. Nibon also made strontiimi diiododinitritoplatinitei 8rPt(NO2)2l2.8H20, 
in a fiinnbr way. The amber-yellow plates are stabln in air, but they become matte ; 
they lose 6 mob of water at 100*’ ; and are very soluble in water. P. Groth found the 
monoclinio prisms have the axial ratios a : 5 : e=0'9175 : J : 1-8101, and jB=119*’ 3' ; 
the optic axial angle ZF^SO^-SO”. L. F. Nibon abo made barium diiododinitrito- 
plati^te> BaPt(N 02)21^2 >41120, by the method used fur the calcium salt. The 
amber-yellow crystals are stable in air ; give off a mol of water at 100° ; and are 
very soluble in water. P. Qroth gave a : 5 : 0^^=0-8456 : 1 ; 0-5435, and j3=112° 4|' 
for the axial ratios of the monoclimc prisms ; and 2E=C‘ 75° for the optic axial angle. 

L. F. Nibon made beryllium diiododinitritoplatiiiite, BePb(N02)2l2>6H20, 
from beryllium sulphate and the barium salt— the original represents Wryllia-like 
alumina. The yellow four-sided plates smell of iodine ; they are decomposed at 
100° ; and aro readily sfdublo in water, lie abo made magnesium diiodoffinitrito- 
platinite» MgPt(N02)2T2 81LO, in a hiniilar manner. I'ho yellow tabular crystals 
riro stable in moist air, but effloresce iu dry air ; they lose water and decompose at 
1(H)° ; and are readily dbsolved by waW. The aq. soln. is partially decomposed 
f»n a watiT-bath. P. Grotb gave a:b:c- 0-lB9() : 1 : 0-3721, and jS=99° 29' for 
t he axial ratios of the monoelinir piisras. L. F. Nibon piepared zinc ffliododinltrito- 
platinite, ZnPt(N02)2l2 greenish-yellow, small, four-sided 

ruJuinns. The properties are liko those of the magnesium salt. V'elluw prismatic 
crystals of cadmium diiododinitritoplatinite, t)dPl(N02)jT2.2ITMO, were made in 
a hiiuilar way. They are stable iu air and at 10U°, and are very soluble in water. 
1[(' also obtained a dark brown, im|»erfertly crysiullized mass of mercurous 
oxydiiododinitritoplatinitet Hg20.2Hg2Ft(N02)2l2>!)ll20, hy the action of mercurous 
mtriilc on the liaiium salt, lie could not jirocuiv mercuric diiododinitritoplatinite 
Ity the net inn of mercuric chloride on the barium salt. 

Ij. F. Nibon made alaminium hexaiodohexanitritotriplatmitef Al2Pts(N02)nlG- 
271]uU, by the action of aluminium sulphate on the barium suit, and evaporating 
tlie htiln, at ordinary temp. The yellow needles have properties bke those of the 
I'•*^yll^ln1 salt. Thallous sulphale and the soihuin salt give small yellow crystab 
of thallous diiododinitritoplatinite, Tl2Pt(NOo)^l2, which are stable in air and at 
The following salts \^cro also made fiuiu tlie barium suit and the corre- 
f')H)ii(lii]g sulphate : yellowisli-grecn crystab of yttrium hexaiodohexanitritotii- 
platinite, Y2pt2(N02)uTc-27Jf20 ; erbium hexaiodohexanitritotriplatinitei 
h^r..Pi3TB(N02)G.18Il20; cerolu hexaiodobexamtritotriplatinite, Cc2Pt3Tn(N02)Q. 
1^1120 ;lantlmum hexaiodohexanitritotriplatinite, La^PtslntNO^lo-^dlloO ; and 
didymium bexaiodohexanitritotriplatimte, l)i2Pt3ln(N02)n Lead nitrite 

and the baiium salt furnish lead dihydroxydiiododimtritoplatinito^ rb(OH)2. 
PbPt(N0^)Tj>, in yellow microscopic crystals, stable m air and at 100" ; and soluble 
m water. Manganese sulphate and the barium salt furnish yellow six-sided plates 
of manganese diiododinitritaplatinite, MnPt(N02)2l2>^H20 ; they are very slowly 
dei-nmposcd in air ; easily decomposed at 100° ; soluble iu water without decoiiipo- 
Mtiou; and the aq. sola, can be cone, on a water-bath with very little deeorapo- 
hdion. 'With ferrous sulphate and the barium salt, ferrous diiododiniiritopl&tiliites 
FpPt(N02)2l2.8H30, b ubtamed in small, yellow, four-sided prisma, which are 
decomposed only very slowly in air, but quickly at 100°. With feme sulphate and 
Ibe barium salt, ycllowbh-grocn needles of ferric hexaiodohexanitritotriplatinitei 
011*0. ftTc foiiulid. They smell of ioiiiue ! decompose st 100° \ 
and arc soluble in wattir. L. F. Nilson prepared cobalt diiododinitritoplatinite, 
l'<jl*t(N0g)jl2.8H20, in an analogous mainuT. It forms yellow plates which slowly 
(lecompose in air, and decompose rapiiUy at 100°. Green plaice of nickel 
ffiodo^trito plftriniio , NiFt(N02)2l2.8H20, were similarly prepared. This salt 
is very like the oobalt ealt. C. W. Blomslxand, A. Miolati and I. Bellueri, and 

M. Vezos passed chlorine into an a^. sola, of potassium totraniintoplatuute, and 
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obtained pale yellow prisms of potaBsiiini dicdilorotetraiiitritophtina^ 
E2lHCl2(N02)4. The monoclinio prismatic ciystals wcro found by H. Dufet to 
have the axial laiios a:i: c=:l' 021 : 1 : 1 * 322 , and j 3 = 102 ° 16 '. M. V&zob found 
that the crystals are not changed in air ; they lose no water at lOO^* ; and melt with 
dooomposition at dull redness. 100 parts of cold water dissolve 2*5 parts of salt ; 
and boiling water, 6*0 parts. The yeUow aq. soln. is fairly stable, but when kept 
at 100 ° for a long time, nitrous fumes arc slowly evolved. The aq. soln. gives needles 
of potassium dichlorodinitritoplatinile, E2l^l^^2(N02)2. An excess of chlorine or 
hy^ochloric acid converts the dichlorotetranitritoplatinite into the chloroplatinatc. 
It is decomposed when boiled with a soln. of potassium nitrite, and the normal salt, 
E2Pt(N02)4, is formed. The salt is soluble in a soln. of potassium chloride, or nitrite. 
U. VezcB made potassium trichlorotrmitritoplatinate, lC2Pt(N02)3Cl3, by the action 
of two gram-Ht/Oms of chlorine, and a mol of monochlorotrinitritoplatinito ; and 
potassium pentacbloronitritoplatiuate, K2rt(N02)Cl5.H20, by the action of a large 
excess of hydrochloric acid on a warm cono. soln. of potassium tctranitritoplatiniio. 
M. V&zes first represented this as a nitroso-salt, K2Pi(NO)Cl5. C. W. Blomstrand 
prepared potassium dibromotetranitritoplatmate, K2pt(N02)4Br2, by tbe action 
of bromine on the tetranitritoplatinite ; crystals arc readily obtained by cooling 
the hot sat. soln. M. Vbzes, and A. Miolati and 1 . Bellucci employed a somewhat 
similar process. The yellow, inonuclinic, prismatic crystals were found by H. Dnfi't 
to have the axial ratios a:b: c=l' 01 U 8 : 1 ; 1 - 3927 , and p = 100 ° 31 '. The salt is 
not changed in air, or at 100** ; it melts and decomposes at dull redness ; 1(K) parts 
of cold water dissolve 2*5 parts of salt, and boiling water, 50 2)art8 of salt. The 
yellow .^oln. is stable, but with prolonged boihng, nitrous fumes are given ofi. The 
salt is dissolved. A soln. of potassium nitrite, and crystals of the tetranitrito- 
plailniic are formed ; and excess of bromine or bydrobroniic acid fums the chloro- 
platinate. The salt is slightly soluble in a soln. of potassium bromide ; and 
insoluble in alcohol. A boiling soln. in aq. alcohol forms aldeliyde, and the dibro- 
modinitriloplatimte. M. V&zcs prepared potassium tribromotridtritoplatinatey 
E2Pt(N02)8Br2, from 3 gram-atoms of bromine, as bromine water, and a mol of 
potabsium tctranitiitoplatinite in hot, rone. soln. The red prisms were shown by 
H. Dufet to be rhombic bipyramids with axial ratios a:b\ c= 0 ' 7314 : 1 : 0 - 6521 . 
The general properties are like those of the corresponding ohloro-salt. This salt 
was first represented as a nitroso-salt, KnPt(NO](N02)2Br3. When the pro])ort/iou 
of bromine was increased to 4 gram-alums, M. Vezes obtained potassium tetra- 
bzomodinitritopbtinate, K2FtBr4(N02)2f in long, red prisms. Their general 
properties resemble those of the corresponding chloro-salt. M. y6ze5 could not make 

M. V fezes made potassium tetralododinitrito- 
platinatei K2Pl(N 02)2141 by the action of an alcoholic soki. of iodine on the diiododi- 
nitritoplatinitc at 80 °. The cone. soln. on cooling deposits black crystals with a 
greenish lustre. H. Dufet represented them as rhombic bipyramids with axial 
ratios a:b: c= 0'7874 : 1 : 0 - 6430 . M. Vfezes found the crystals are stable in air, 
and at 100° ; they decompose at a dull red-heat ; they are sparingly soluble in cold 
water, but are readily dissolved by hot water ; and when the aq. soln. is boiled, the 
diiododinitritoplatinite is formed He also made potassium pentaiodonitrilo- 
platinate» E2l^(N02)l6, which he regarded at first as a nitroso-salt, E2Pt(N0)l5. 
It was obtained by adding an alcobolio soln. of iorline to a cone. soln. of th(^ 
diiododinitritoplatinite, and concentrating the soln. at a suitable temp. The black 
crystals behave very much like those of the preceding salt. A. Miolati and 
L Bellucci prepared silver dibiomotetranitritophitiuate, Ag 2 PtBr 2 (N 02 ) 4 , by the 
action of a cono. soln. of silver nitrate on powdered potassium dibromoictranitrito- 
platinate. The red crystals are sensitive to light. 
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Jlvr,, 46. 2359, 1913 ; K. A. Hofmann and K. Buchner, i5„ 42. 3303, 1900 ; C. W. Blomrirand, 
Btr., 2. 204, 1800 ; Bull, iSfor. (2), 13. 144, 1870 ; Joum. prakt. Chpm., (2), 8. 214, 1871 ; 

(2), 27. JDl, 1883 ; (2), 38- 302, 1888 ; P, Klaann, tb., (2), 67. 35, 1903 ; Bihting Rtmska Akad. 
JJandl., (2), 28. 0, 1902 ; H. (}. Sdderbaum, (Efwra, Akad. Fork.. 46. 128, 1 888 ; H. J )ufet, Bidl. 
iVoc.ifin.,15.20r),lH02; 25.126,1902; A.Miolati,ZFa. a7i49fy. C/(m.,14.239, 1897 ; AUiAtxad., 
lAncei, (5), 6. ii, 3.50, 1890; A. IMiolafi and 1. Bcllucci, (hzz. Chun, lUtl., 30. n, 606, 1900; 
E. PriM’oznik, Btrg. Huff. JnhH>., 38. 390, 1890 ; (JSskrr, Zeit. Bfrg. Haft., 43. 274, 1890 ; P. von 
PuulliAii, ib., 48. 274, 1800 ; H. A. Miers, ('hem. News, 07. 106, 1803 ; S. G. Hcilin, Om pyruUnena 
Pkiiiwbaavr, Lund, 32, 1880 ; Orsah, Land., (2), 22. . 3 , 1887 ; V. Enohuake, (2), 22. 2, 1887 ; 
V. Kudphus, ib., (2), 22. 19, iBS7; H. Lbndahl, ih., (2). 24. 4, 1KS8; E. Eciefoed, Om nogk 
Nitrow-PJfiHnfimmonifik forbifukLicr, Kopcnhagen, 65, 1894; R. Tyden, Li-iiodiqlykolaUi- 
plato^iyrn, Lund, 5, 1911; J. Pctrdn, Om PlatintEthylHeUninjOfiningnr, Lund, 30, 1898; 
£. A. liadow, Journ. Uham. 8oc., 10. 345, 1806 • Ohem. Nawa, 18. 281, 1866 ; W. Odiing, Bir., 
8. 687, 1870 ; B. GerdeSf Jcum. praki, Chem., (2), 20. 271, 1682; 1. 1. TBchcniyacJf, Ann. Inai. 
mine, 4, 1020. 


§ 88. Nitrogm Peroxide or Teiroxide 

The ruddy fiiniPB of this compound always appear as a by-product in tbe old 
mcthfjd of preparing nitric acid by heating a mixture of Raltpi^tre with copi)cras, 
or alum, (bnsonani with the language of the alchemists. W. Clark ^ referred, in 
1670, to the red vapours which are formed when saltpetre is heated in a reloii. as 
tlieflyinj dragon. In 1778, P. J. Macquer regarded the red vapours as an essential 
constituent of nitric arid itself, and asked ; Pmirqoi ks vapmra dv cel aadc sont-clles 
rouges ? He was not saiisiied with the earlier explanations. Ahout the beginning 
of the eighteenth century, hoi h C. A. Baldiun, and G. E. Stahl had attrilnited the red 
fumes to the presence of a peculiar substauce-Hintma nitri -in saltpetre. Ahout 
twenty years later, J. H. Pott said that the red fumes arc of an oily, sulphurous nature 
because charcoal bums with a flame in the vapours. J. 0. Wicgleb attributed the 
red colour to the presence of elemental fire. In 1736, J. Hellot mistook an accidental 
imjmriiy for an essential constituent, for he said that the colour is due to the rare- 
faction of the ferruginous particles in les vapeurs de Vesprit dc nitre during the dis- 
tillation. 0. W. Schccle inquired whether the vapours of nitric acid are naturally 
red, and he inferred from his experiments that if nitric acid be associated with a 
httle phlogiston, it furnishes the red vapours ; but if it be associated with more 
phlogiston, it forms a colourless gas (nitric oxide). This explanation, translated into 
modem language, was getting nearer the truth, for it meona that the Ti*rl gas is an 
intermediate stage of oxidation between that of nitric acid and that of nitric oxide. 
Pure colourless nitric acid was called dophlogistirated nitric acid. J. Priestley, 
and H. Cavendish showed that the rod fumes obtained when nitrous air comes in 
contact with atmospheric air have an acidic nature ; and J. Priestley called the red 
gas nitrous acid air. A. L. Lavoisier inferred from his experiments : Sur Vexistence 
de Vair dans Vadde nikreux, that nitric odd is a compound of nitric oxide and oxygen, 
while the red fume is a compound of nitric oxide and nitric acid. In 1816, the work 
VOL. vnr. 2 h 
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of J. L. Oaj Liimo, J. J. Bcizeliiu, P. L. DuloBg, and E. Pfligot eBtabluhed tba 
reladonB butwei^n Ihe red vapours, nitric oxide, nitrous oxide, and nitrous and nitno 
adds. They called the gas Vaoide hypooiotique; it is now known as nilfogeq 
peroxide or nitrogen tetrode* N 2 O 4 , or NO 2 . 

The piepantiim ol nitro^ peroxide.— ^The oxidation of nitric oxide to 
nitrogen peroxide has been previously discussed. Some of the methods indicated 
in connection with the oxidation of nitrogen furnish nitrogen peroxide. Thus, the 
Sod 6 te d’EtudesMinieres et Industrielles^ prepared nitrogen peroxide by the inter- 
action of ammonia and oxygen, air, or oxygenated air in the presence of rhodium 
os catalyst. S. Gendin said that half an hour's sparking ol air in a eudiometer 
tube can be arranged so as to show the formation of nitrogen peroxide by the colour 
of the vapour. J. L. Gay Lussac prepared nitrogen peroxide by mixing nitric 
oxide with half its vol. of oxygen. P. L. Dulong passed the dry-mixed gases through 
a tube packed with pieces of porcelain, and then through a U-tube cooled to about 
20 ”. The green liquid becomes yellow even on decantation. E. Fcligot said that 
the gases cannot be properly dried by calcium chloride, and he recommended 
passing the mixed gases first through cone, sulphuric acid, then through a tube 
packed with solid, leccutly fused, potassium hydroxide, and lastly into a rereiver 
cooled to —15“ or — 20 ”. Under these condiiions, the product forms eolourless 
crystals. After a time, the potassium hydroxide loses its desiccating powers, and 
if the operation is continued, the crystals deliquesce, forming a green liquid which 
gradually darkens in colour and becomes more volatile. 

According to F. Rascliig, the red vapours formed by tlio action of air on nitric oxidoare 
different from ordinary nifcrogoii tetioxide and he called the prodiu't nitiogm leokhuride, 
N&OsO, to distinguish it from the oidinary teiroxicio. If e said thut the isuiieroxide is 
the primary product \(hon nitrogen is burnt in tho high tenrion arc, or when ammonia 
is burnt with a platinum ratal^st at a low red-heat. Tbi^ is contrary to tho idea tliat mtiio 
oxide is tho only nitrogen oxide stable at a liigh temp, q'he hghter colour observed when 
mtrogen peroxide is paused through a hot tube is not to be attnbul ed to its dccomposil ion 
into nitno oxido and oxygen, but to the formation of the lighter colouicd ihOf>ernxide. 
While tho ordinary iotroxide reacts with sodium hydroxide: N20(d ^NuOhI.=NaNO| 
+NaN0|+H|0, he said that tho iso-compound reacts: N1O4 h2XaC)riBr2NBNO, 
<fH|0+0. if a large excess of oxygen is used in oxidizing tho nitno oxide, he added 
that a nitrogen leopentoxidc as woU as nitrogen htxoxide, I4|0|, rearts with alkali lye: 
N,0,42NaaU=NaN0,fNaND,-fIT,0+0; N,0,-}-2NaDU=:2NflN02fH2aH 30j and 
N|07-|-2Na01lB^Na^O|•fKaN()|-^H20-^ 30. 'IJiese hypothetical compounds were not 
confirmed by E. Mullor. 

J. L. Gay Lussac made nitiogen peroxide by heating dry lead nitrate in a refort 
connected with a cooled receiver. P. L. Dulong said that the liquid so obtained is 
anbydrous, or contains at most 0-6 per cent, of water. E. Peligot found that a 
greenish liquid first pusses over, then a colourless liquid containing but a small 
proportion of water, and lastly the anhydrous compound which solidifies in crystals. 
K. Heumann rccouimendcd mixing the load nitrate with its own vol. of sand 
previously calcined. When nitrogen trioxide is decomposed, nitrogen peroxide is 
formed; and the same remark applies to other nitrogen oxides, to nitrous acid, silver 
nitrite, and many nitrates. L’Azote Fran^ais Sociite Anon, obtained nitrogen 
peioxido by healing calcium nitrate above 5(K)” and below 650^ in the presence of 
oxygen. M. Bertliclot found nitrogen pentozide decomposes into nitrogen peroxide 
when exposed to light ; and the gas is also formed when nitric acid vapour is passed 
through a red-hot tube, A. Bogorodsky found that fused alkali nitrates give off 
nitrogen peroxide when electrolyzed. F. Winand obtained nitrogen peroxide by 
the Edition of fuming sulphuric acid to a fused mixture of alkali nitrite and 
nitrate: NaN 02 -l-NaN 03 +HgB 207 = 2 NaHS 04 -|- 2 N 02 — eufficieni sodium hydro- 
sulphate is added from a previous preparation to fix any free sulphur trioxide, 
2NaHS04-^S03 l}a2B207+H2S04. 

Acco^ng to E. Mitscheilichp when fummg nitric acid is gently heated in a retort 
connected with a receiver surrounded by a froezing mixture, two immiscible layers 
of liquid are obtained. The lower one is a soln. ol nitrogen peroxide in soma 
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hydrated nitric acid, and the upper one, a soln. of monohydralrd nitric acid in 
nitrogen peroxide. When the latter ia redistilled, nitrogen peroxide of a high 
degree of purity ia obtained. J. Fritzsche said that in the prec^ng preparationa, 
the nitric acid should bo removed from the nitrogen peroxide by redistillation. 
0 . W. Hasenbach, A. Gucther, and G, Lunge obtained nitrogen peroxide by the 
action of cone, nitric acid of sp. gr, 1-38, or of red fuming nitric acid of sp. gr. 1*15 
to 1 * 10 , on arsenic trioxide, and condensing the product in the usual way — mie 
mipra, nitrogen trioxidc. According to C. W. naaenbach, the nitrogen trioxide can 
1)0 removed from the condensed liquid by passing oxygen through it ; or, according 
to L. Playfair and J. A. Wanklyn, by distillation from potassium chlorochroinate. 
(\ W. G. Nylander believed that an isomeric form of the peroxide is obtained by 
Ibis process ; but C. W. Hasenbach denied this. G. Lungo used starch in place of 
aisoiiic trioxido— wrfe supra, nitrogen irioxirle; and L. Vaiiino recommendod 
formaldehyde or paraformaldehyde in place of arsenic trioxide. P. C. Freer and 
Ir. 0 . Higley obtained the gas by dissolving many metals — copjicr, silver, iron, etc. 
-in nitric arid of a suitable cone. — vide the metals. Tho gas is abo formed when 
straw, sawdust, and various organic suhatancos are treated with fuming nitric acid. 

W. Pamsay sliowod that nitrogen peroxide is formed by mixing nitrogen tri- 
and pcnta-oxides. It siilhcrs to pour a soln. of phosphorus peutoxido in wrll- 
riji) 1 rd nitric acid into liquid nitrogen trioxide. The blue colour di 5 ap])cars, and 
thp liquid can be decanted o£ and distilled. A. C. Girard and J. A. Pabst, and 
J. P. Park and J. B. PaTtingt>on obtained nitrogen peroxide by heating nitrosyl 
ml])honate (cliambcr crystals) with potassium lutrate: N 02 .HSl) 3 +KN 03 -= 2 N 02 
-[ KTfHl) 4 ; by treating nitrous acid or a nitrite with nitric acid : HNOj-j-ENO^ 
=“ 2 N(l 2 1 ll.OH ; or by treating nitrosyl chloride with nitric acid : NOUl -[- 1^03 
2 N 02 -fH(l; A. Exner, by the action of nitroxyl chloride on silver nitrite: 
NOdl I AgNOa -AgCl |' 2 N 02 ; 0. Weltzien, by the action of iodine on silver 
mil ate ; and F. Kuhlmann, by passing a mixture of cyanogen and air through 
a red-hot lube containing platinum sponge. A. Stavenhageii and E. Schuchard 
observed that some nitrous oxide is transformed into nitrogen peroxide during the 
combuhiion of sulphur in that gas ( 7 .U.). 

The physical properties d nitrogen peroxide.— Nitrogen peroxide forms a 
yellowish red vapour which was formerly regarded as a permanent gas because 
it was not readily condensed by cold. This was due to tlic fact that the vapour 
was mixed with air. The colour undergoes some extraordinary changes with 
variations of temp. P. L. Dulong 3 said that the liquid at — 20 *^ is roloiirloss ; 
at — 10 °, almost colourless; between 0° and 10°, pale yellow; and from 15“ to 
oiange-yellow. As the temp, rises, the colour becomes darker and darker, 
t'. F. Schimbein found that at — 5U“, the crystab are colourless ; between — 10 ° 
and —30°, pale yellow; between —30“ and —20®, pale lemon-yellow; and 
at the m.p., — 20 °, pale honey-yellow. H. St. C. Deville and L. Troost, and 
C. F. Schonbein said t^t the vapour at — 10 ® is faiutly yellow, and with rise of temp. 
Ilie colour deepens ; it b reddish-brown, and at 183®, a 2-cm. layer of the gas is 
opaque and almost bbek. At higher temp., the colour becomes paler because the 
gas is then decomposed into oxygen and nitric oxide. The colour changes are all 
reversed by cooling. L. Playfair and J. A. Wanklyn found the vapour density 
fril from 2*588 at 4*2® to 1*783 at 97-5®. Belated observations were made by 
B. Mliller, H. St. C. Deville and L. Troost, E. and L. Natanson, K. Sclireber, 
M. Bodenstein and M. Katayama, J. W. Gibbs, A. J. Swart, W. L. Argo, S. Dushman, 
L. Troost, A. Naumann, and A. Bichardson. It is assumed that the colour changes, 
end the variation in the vapour density are due to the variation in the state of 
pquihbrium with temp. : N 204 ^ 2 N 02 . Tho condition of equilibrium is ^ =C*/Ci, 
where C denotes the ooiic. of the N 204 -mob., and C|, that of the N 02 -mob. It is 
found that at 0®, jr=B*060; at 18*8®, 3*710; at 49-9®, 1*116; at 73*6®, 0*544; 
ftud at 99-8®, 0*273. The compound with the more complex mol. N 2 O 4 is colourless, 
and with the simpler mol. NO 2 , bbek, Thb phenomenon b difficidt to expbin by 
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the theorips on tlie relation between ooloui and ohcmical constitution. Assuming 
that the vapour density is dependent on the degree of diBSOCiattcm, H. St. C. Ueville 
and L. Troost calculated the percentage dissocial ion, a, from the vapour density, 
D, and also the change in the degree of dissociation, Sajbtj per 10^ rise of temp. : 



2G-7" 

80-8* 

0O-2* 

SOS” 

1001" 

iii-6' 

135-0* 

D . 

2-65 

246 

2-08 

1-80 

1-68 

M)2 

1-60 

a 

1»06 

20-23 

62-84 

76-61 

80-23 

90-23 

OB 69 

Sa/S' • 

6-5 

11 

13 

10-4 

4.4 

3-6 

1 S 


The vapour density at 183*2® was 1-57. 0. Balet compared the colour changes at 
different temp, on the assumption that the gas with N2O4 inols. alone is colourless, 
and found the oalrnlatcd proportions agreed with those obtained by the vapour 
density method. The other physical properties of the gas agree with the assumed 
pol3*mcTizntion. J. T. C'uudall founil tliat polymerization occurs with the soln. of 
the gas in chloroform, hromofoim, methylene chloride, ethylene chloride, cthylidene 
chloride, ethylene bromide, ethyl bromide, carbon tcbrachlorido, carbon disulphide, 
acetic ucid, benzene, chlorobenzene, bromobenzinc, and silicon tetraclilnridc. The 
nitrogen peroxide dihsouates when diluted with cliloroform just as the gas does when 
diluted vith an indifferent gas, or when the press, is reJiiced. Similarly, the 
dissociation increases with rise of temp. Only 1-22 per rent, of the peroxide is 
dissociated into NOa-mols. at 25®, At 10®, 20®, and 30*^, the dissociation wiili 
chloroform is 7*7, 14*3, and 26*2 respectively ; and it is nearly the same with the 
other solvents ext cpt that with acetic acid, it is 2*3, 4-6, and H j respectively ; with 
carbon disulphide, 12*2, 22-5, and 38*3 respectively ; ami with silicon tetrachloride, 
15*7, 20*0, and 52*0 respeetivelv. W. Ramsay found the mol. wt. of nitrogen 
peroxide in acetic acid agrees with the value for the N204-mol. W. Ostwald repre- 
sented the amount of dissociated peroxide by s ; the undissociated peroxide, by 
1— X ; the Yol. of unit mass by v ; the equilibrium constant by K ; and found that 
for equilibrium, x^=v{1—t]K, Using J. T. Cundall’s results for dil, soln. ; 
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3-8 

4-4 

6-7 

6-6 

7-0 

8-7 

11-2 

a- . 

0-00178 

0-00206 

0-00667 

0-00304 

0-00328 

0-00407 

0-00524 

K. 

0-0.312 

0-0,264 

0-0(257 

00(231 

0-0,216 

0-0,238 
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The constancy of E within the limits of experimental enor, shows that nitrogen 
peroxide dissociates in accord with the law of mass action whether in dil. soln., 
or in the gaseous state. A. Colson’s results did not agree with the simple equation 
N204^2N02 ; A. Langevin attributed this to A. Colson not having worked with 
BuflSriently dil. soln. Complex addition products of nitrogen peroxide arc known to 
exist, and accordingly, F. Paschal was led to try if, at low temp , it can be oblaineil 
ill a higher state of polymerization than N2O4; but he found that even at —68', 
there is no evidence that the molecules are more complex than they are in the 
ordinary liquid state. E. Grtlneisen and E. Qoens calculated that every N2O4' 
molecule on the average dissociates at least once every ten-thousandth of a B(*coud ; 
and U. Sells, that a mol of N2O4 at 21® and 51X) mm. press, dissociates to the extent 
of 4*4 per cent, in 10~4 second, and a mol of NO2 associates to N2O4 to the extent 
of 4*6 per cent, in J0~^ second. A. K. Brewer noticed ionization oecurs during 
the decomposition of the peroxide at 385® ; H. Staudingcr and W. Ereis tried unsuc- 
cessfully to isolate solid NO2 by suddenly chilling the gas from 1000® to --190®. 

According to A. Bichardson, the vap, density of nitrogen peroxide at 140® 
corresponds exactly with the formula NO2, and at higher temp., the vap. density 
becomes smaller until 5 per cent, of the peroxide is dissociated at 184® ; 13 pei 
cent, at 279® ; 56-5 per cent, at 494® ; and at 619-5°, it corresponds with the com- 
pletion of the change 2N02->2N0-)-02. Hence, as soon as the change N204->2N02. 
is nearing completion, the decomposition of the product begins. W. ^msay and 
J. T. Cundall also showed that the bleaching of the black N02-gas at elevated tomp- 
ia due to its dissociation 2N02^2N0 -I-O2. M. Bodenstein and M. Eatayama repre- 
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Bentcd the eq^brinm oonditione of this reaction by [N0z]2ir=pf0]*[02], and 
found for the percentage diBSOciation at diSerent temp. : 


T)i8Bo&iation 
log K 


222* 279* 890“ 448“ 4B5" 

4-17 13*10 36*05 40-03 57-48 

-0-029 -4*523 -3-110 -2-770 -2 107 


494“ 819“ 

58-71 100 

-2-169 — 


The pijuilibrium conatant for partial press, is log ir=— 27400/4-67jr-t 1*75 log T 
+3; or for cone., log ^^z^-27400/4-57lT+^75T^ 4*086. I. W. Coderberg 
iiM‘d the oriuatirms log A"^--6126r+2*5 log T+1-31G ; and log ^^---6126 1 T 
1*5 log T~\ 2-402. E. Wourlzel found that the rlissociation constant between 0® 
and B6T)° can bn represented by log A =8*990BT— 2810*5. 

E. and L. Natanson measured the eflect of temp., 9, and press,, p mm., on the 
vap. density, Z), of the gas. The following is a selection from their results : 

0 " 21 “ 


/) , 37-UO 80-67 172-48 260*66 491*60 616-06 650-50 639*70 ^ 

I) . 248-32 2-6737 2-8201 2*9028 2-6838 2-7025 2-7120 2*7459 


26-80 03-75 

1-6634 1*7883 


182-60 261-37 

1*8012 1*9629 


40-65 

i-6315 


11)7-17 
1 6601 


302-04 633-27 

1*7403 1-8534 


1-6029 


79-57 

1-6179 


202-24 732-61 

1-6263 1-6923 


35-09 

1-5987 


78-73 

1-6986 


217-86 

1-6012 


660*29 

1-6094 


at the \alue of p and /) were respectively 117*98, 1*5907 ; 475*41, 1-5882 ; 

und 600*22, 1 *5927. The vapour pressure of nitrogen piToxide has been measured 
by V, A. Uiiye and G. Drougmine, E. Buss and E. Eberwein, etc. A. C. G. Egerton 
found for the vap. press., p mm., of the solid, between —30® and —100” : 


- 00 “ - 100 “ 

0-0093 O-0U23 


whieh he represented by log p=:14*91 664 0*06049; p=— 2069r-i+l*75 

lug 2’— 0076r-l 4*6 ; and for the liquid, he gave log p— — 221ir"‘^4'l’75 log 2' 
- 0*00497+4*6 ; and log (147/p)-4-2{(J71*2/7)-l}. F. Russ and E. Eberwein 
gave for the vap. press, of the liquid log p— — 2C25‘2r“i+l*75 log 7- 0*0077 
between - 80“ and —10*8°. F. £. C. Scheffer and J. P. Treub observed the vap. 
press., p nun., of the liquid to be : 


27-4“ 4S-2- 

1007 1982 


Solid. Liquid. 

A. Mittasch and co-workers found the vap, jircss. of the liquid to be : 


4896 * 
2522 mm 


After an intensive drying of nitrogen tetroxidc for 25 months, A. Sinits and 
co-workcrs found that the vap. press, rose to 19 mm. A part of the liquid was distilled 
off and the increase in vap. press then fell to 4 mm., but after a further 11 days 
fills had risen to 14-7 mm., i.e. it had nearly regained its value before distillation. 
The colour of the intensively dried liquid was a deeper brownish-red than of the 
moist ” liquid. The changes of both the vap. press, and the colour agree with 
the asBiimption that the drying process had effected a displacement of the internal 
equilibrium in the direclinn N2O|-»2N02. J. W. Smith also observed an increase 
in the vap. press, of nitrogen tetroxidc during intensive dr 3 dng ; this amounted to 
about 25 mm. The change is slow. If the temp, be suddenly changed it requires 
some hours for equilibrium to be attained. P. L. Dulong gave 1 *451 for the qieciflc 
of liquid nitrogen peroxide ; A. Geuther found l'G035 at —5° ; 1*4935 at 
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0 ^ H880 at5^ H770atl0^ and 1-4740 at I 6 ^- 0. ScheuBi, 1‘4905 aiO^ 
T. E. Thorpe, 1 -4W3 at 0°, and 1-43958 at 21 ; and W. RamBay and J. Shielda, 
1-4856 at 1-6°, and 1-444 at 19-8°. A, Mittdsch and co-workcis gave for the sp. gr., 
D, of the liquid ; 

(lO lO-S' U-OS- ESaS* soa- 48<D5> 644” (BO”) 

Sp.gr. . 1-4900 1-4688 1-4433 1-4227 1‘3976 ]'3746 1-3562 1-3435 

P. Pascal and M. Gamier represented the sp. gr., D, of liquid nitrogen 

peroxide at 9°, between 0 ® and 21-5°, by D:=1'4S)— 0 -U 02 ir)fl. W. R. Boua- 
field lepresented the specific volume of the liquid, at 9°, between U® and 20 ® by the 
equation Sp. vol.= 0 ' 67027 + 0 ' 00100759 + 0 ' 0339 ^. E. Rabinowitsch gave 63 for 
the mol. vol. T. E. Thorpe and J. W. Rodger represented the viscosity, t;, at 9°, 
by t)=28-165(140'89+9)"A-734»^ ^]ien the observed values were 0*005220 at 
0-72® ; 0-004720 at 9-15° ; and 0*00401 at 1 5-36®. W. Ramsay and J. Shields found 
the sorbee tendon to be 29*52 dynes per cm. at 1 * 0 °, and 26*56 at 19-8°. Hence 
the mol. snilace energy a(Mv)\ is 29*52 ergs at 1-6®, and 2G-.56 ergs at 19*8°. Hence, 
the liquid is nob further polymerized than N 2 O 4 . A. C. G. Egerton gave 4*6 for the 
chemical constant. Measurements of the velocity of sound in the gas were made 
by W. L. Argo, E. and L. Naianaon, and F, Kent el. H. Selle obtained 1 86*41 metres 
per second, and E. Grimeisen and E. Goens, 161-3 metres per second. E. Gniin-isen 
and E. Goens measured the velocity of sound in the gas at various leinp. and 
press., and found that with frequencies of the order 15,000 per second, tlirie is no 
indication that the velocity of sound depends on the frequency, as bhould be the 
case if the time required for setting up the dissoeiation equililirium were comjiarable 
with the vibration period of sound. The absolute value of the velocity of sound 
agrees much better with the assumption that the time requirid for the setting 
up of a dissociation equilibrium is suiall in eomparibon with the vibration period. 
Measurements at 25° and 760 mm. show that the velocity coiustaiit of the decom- 
position, kj under the experimental conditions is larger tlian 10, (XK) ; consequently, 
every mol, of nitrogen peroxide dissociates on the average at least once in every 
10'~^ sec. E. Drion, and T. E. Thorpe measured the thermal expansion of the 
liquid. The latter found by interpretation, starling with imit vol. at 0 ° ; 

0 * 6 " 10 “ J5" 20 " 21 04" 

Vol . . 1-00000 1-00789 1-01573 1-O2370 1-03196 1-02523 

and he represented the vol, v, at 9°, by v^l-f 0*0015919— 0*Op397015flM'0‘Oo21539l 
C. Fcbciani found 0-U033 for the coeS. of thermal conductivity at 150®, ami said 
*Jiat at all press, the conductivity rises from 16® to a maximum at G5® ; this is 
ioUuwcd by a decrease to a mimmum, with a second maximum between 120 '' 
and 130®. The conductivity increases with press., and the conductivity and 
dissociation follow the similar courses ; for press, not less than GO mm., the con- 
ductivity of nitrogen peroxide up to 90® is larger than that of any iion-dbsuciating 
gas previously examined. The results by G. Magnanini and G. MaUguini, and 
W. Nernst are considered to be unsatisfactory. 

M. Berthelot and J. Ogier gave for the speoiik heat of nitrogen peroxide Cp=l'625 
between 27° and 67° ; M15 between 27® and 150° ; and 0-65 between 27® and 280°. 
K. Schreber calculated from M. Berthelot and J. Ogier’s results that the molecular 
heats of N 204 -gaB are C],=:14'85 Cals. ; 0,-12-85 ; and the ratio of the two 
sp.hts., 1-555; while for N 02 -ga 8 ,Op= 8 ‘ 43 ; Og=6*43; and for the ratio of the two 
sp. hts., 1-31. According to £. D. McCollum, the mol. ht. of N 2 O 4 is slightly 
greater than that of NO 2 . E. and L. Natanson obtained 1-172 for the ratio of the 
two sp. hts., at about 20°, of the gas when 15-07 per cent, was dissociated, and 1-274 
when 56-99 per cent, was dissociated. They also found for NO 2 , 1-31. The 
value 1-172 is near that usually obtained for gases with pentatomic or poljratomio 
molecules, while 1-274 comes near that usually obtained for gases with tnatomic 
molecules. Measurements of the ratio of the two sp. hts. were made by J, A . Swart, 
F. Keutel) W. L Argo, H. Belle, and E. Gruneisen and E. Goens, noAlang allowance 
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for tho degree of dissociation of the gas. W. Ramsay found that liquid nitrogen 
peroxide has a sp. ht. 0‘477 ; and the solid, 1*0. G. Piocaidi studied the thermal 
capacity of nitrogen peroxide. 

E. P^got gave 22° for the boiling point ; J. L. Day Lussac, 26*^ ; P. L. Dnlongi 
28 ° at 760 mm. ; and C. W. Hasenbach prepared 22 ° for the gas obtained from 
lead nitrate, and this value was raised to between 25° and 26'' alter the passage 
of oxygen through the liquid. Q. Lunge and £. Berl, 20 ° at 720 mm. ; G. Oddo, 
^2°''23° ; A. Nadejdine, 22-5° at 750-i mm. ; A. Geuther, and G, Bruni and P. Berti, 
26°. T. E. Thorpe gave 21-61° at 760 mm. : T. E. Thorpe and J. W. Bodger, 
21 '!) 7 ° ; and F. E. C. Bchefier and J. P. Treub, 21 - 2 ° ; P. A. Guye and G. Drouginine, 
22 ° ; and W. R. Bonsfield, 21-9°±0*1°. These numbers are not very concordant, 
11 . B. and M. Baker found that when the liquid is tlioroughly dried it suffers no 
apparent change at the b.p., and liquid is still visible at 69° and 757 mm., when no 
boiling occurred, though evaporation ocenred. A. Smits attributed the phenomenon 
ti) the presence of active and inactive molecules : a-N 204 ^j 3 N 2 O 4 , and assumed 
ihat intense drying resulted in the shifting of the equilibrium to the inactive side. 

E. I'uligot said that the liquid freezes to colourless prisms at —20° ; and he gave 
— 9 ° for the rndting point ; J. Fritzsche gave —13-5°; R. Muller, —11-5° to 
— 12 ' ; W. Ramsay, —10-14° ; G. Bnini and P. Berti, —10-95° ; 11. St. C. Deville 
and L. Troost, — 10 °; F. E. C. Scheffer and J. P. Tn'ub, -10-8°; G. Oddo, 
-9 01 ° ; A. C. G. Egerton, — 10'5° ; and P. A. Guye and G. Drouginine, —9*6°. 
HI. Pcligot said that after being melted, tho peroxide requires a much lower temp, 
for iis Bohdiiination, for at —16° the conipuund remains liquid, and J. Fiitzschn 
.s.iid that it can be re-solidified only at —30° because a little nitric acid has been 
funned, and this also accounts for the turbidity of the cooling liquid. For the 
fiuiou curve with nitric oxide, vide supra, nitrogen trioxide. P. Pascal studied 
the f.p. of binary systems of nitrogen peroxide with hromofonn, chloroform, 
carbon tetrachloride, bromobcnzenc, methyl iodide, cbloropicriu, and camphor. 

F. E. C. Scheffer and J, P. Treub gave 168-2° for the critical temperature, and 
PK) atm. for the critical presaore ; and it was estimated that at the critical temp, 
liie niolcoules arc all NO 2 . W. Ramsay calculated that the latent heat ol fusion 
IS between —32*2 Cals, and — 37-2 Cak. A. C. G. Egerton calculated 0-586 Gals. 
Iietween —23° and —26°. The latent heat of vaporization is 1-3 Cals, at 180° ; 
F. E. C. Scheffer and J. P. Treub gave 9-2 Cals, at tho b.p. ; and A. C. 6 . Egerton, 
9-458 Cals. N. de Kolossowsky gave 1-37 to 2-5B for the ebulU^pio 
constant. 

M. Berthelot gave for the heat of formation, (N, 02 )=— 7-0 Cals, in tho gaseous 
state ; and 3’4 Cals, in tho liquid state. J. Thomsen gave (2N,10)— — 3*9 Cals. ; 
(NO, 0) - 19-568 Cals. M. Bodenstein and M. Katayama gave ( 2 N 0,02)= —27-4 
Cals. ; M. Berthelot, 28 Cals. W. Vaubcl r^loulatcd the heat of disBOdation of 
N 2 O 4 to be 104-9 Cals. ; M. Berthelot and J. Ogier, 106 Gals. ; and £. Schreber 
obtained — 12*9 Cals, or at T° K, 0=131 32+2r cals. ; and J. Thomsen, —13 Cals. 
M. Berthelot calculated for undissociated N 2 O 4 , —2*65 Dais. ; and for NO 2 , —8-125 
Cals. The heat of formation of tho liquid is —2*2 to — 2-5 Cals. E. Wourtzel 
gave 12-85 Cals, for the heat of polymerization. J. 0. Thomlinson calculated what 
he called the thermochemical eq. and used the results in comparing tho valency 
of the nitrogen atom in the different nitrogen oxides. 

The index of refnctioil of the vapour of nitrogen peroxide at 36° was found 
by P. L. Dnlong to be 1-000503 ; and by C. and M. Cuthbertson, who estimated 
from their results that the NO^-gas has tho index of refraction /x=l'0005i)9, and the 
K 204 -gas /x=l-001123, showing that polymerization increases the lefractivity 
(1— ja) by about 10-5 per cent. The dtspersion power of tho N 02 -gaa in the red 
and green is much greater than for the N 204 -gas. J. H. Gladstone found the 
atomic refraction, 11 - 8 ; and the atomic dis^rsion, 0-82. W. H. Bair, and 
II. 0. Eneser studied the spectmm of the peroxide. The absorption spectrum 
of nitrogen peroxide was examined by A. J. Weiss, E. Luck, J. Zonncck 
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and B. Strasser, F. Dauiek, B. Hassenberg, D. Oemez, J. Chappiiu, and 0. D. Liva- 
ing and iF. Dewar. According to 0. F. Schonbein, the higher the temp, of the gas, 
the gieatoT the number of lines in the absorption spectrum ; and L. Boll said that the 
gas at O’’ gives no absorption spectrum and inferred that the observed absorption 
spectrum of nitrogen peroxide is produced by the N02-mols. and not by the 
N204-mols. A. Kundt found that liquid nitrogen peroxide shows five absorption 
bands between the green and the red ; and these coincide with the strong marked 
hnoB in the spectrum of the gas. If the liquid is cooled, two more bands appear 
in the green ; and if warmed, bands appear in the red os the liiiuid becomes brown. 
Beyond the green there is complete absorption. W. N. llariley, and S. W. Leifson 
studied the ultra-violet spectium ; and F. Daniels, the ultra-red spectrum between 
and 7fi, and found that the maxima of tho absorption hands are not shifted by the 
process of dissolution in organic liquids — e.g. chloroform, and dichi nroethano — 
the slight shifts nf 0'0f)/u observed are due to concentration cRects, The results 
are supposed not to support the radiation hypothesis of chemical action, 

J. J. Bogiisky found that tho electrical conductivity oi nitrogen peroxide 
gas is poor, and it is an insulator above 70°. L. Bleekrode also found that the 
Uquid is a poor conductor. In 1K40, M. Faraday found the liquid obtiiined by 
distilling dry lead nitrate was a poor conductor, but readily conducted when water 
was present. J. J. Bogusky showed that if the liquid is warmed from 0° to 1°, there 
is an abrupt change in the resistance which is supposed to be due to the dissociation 
of the N2O4 mols. R. Heberlcin observed a continuous change in the conductivity 
with temp. : 
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M. Tenaiii found that the presence of nitrogen peroxide facilitates the dischargo 
of an insulated positively charged disc, but impedes that of a negatively charged 
disc. This is attributed xo the absorption of hght by the nitrogen peroxide which 
prevents it reaching the metallic disc, the conduction being aflected only by the 
ions formed by the action of the absorbed light in the body of the gas. G. GehlhofT 
studied the caihoue fall of potential of the gas in a vacuum tube. K. Barlekcr found 
that for the press, ranging from 711 to 747 mm., the didectric Constants of the system 
N204 t=^ 2N02 with 31, 00, and 85 per cent, (liasociution are 1-00229, 1'00141, and 
1*00128 respectively at 42-5'’, 63*1°, and 92-1°. T, Son6 gave 4*5 X 10”® for the sp, 
Osagnetic SOSO^tibility of nitrogen peroxide, NO2, and ^*28 X 10”® for liquid N2O4. 

The chemical properties ol nitrogen peroxide.— The gas has a sweet kh yet 
sharp odour ; and it tastes and rcacis acidic. It colours the skin yellow. The 
vapour is very injurious, it produces inflammation of the respiratory organs, and 
death. The physiological action was discussed by C. Duisburg.'^ J. Friestley, 
J. Raon de Luna, and 0. Rebuffut used it as .i disinfectant ; and B. Moore and 
J. T. Wilson, for bleaching flour ; and for explosions, vide infra, the action of carbon 
disulphide. W. Ramsay, and (L Bruni and F. Borii found that liquid nitrogen 
peroxide acts as an BSSodatilV SolvenL P. F. Frankland and R. C. Farmer 
studied the electrical conductivity of soln. of various compounds in liquid nitrogen 
peroxide. They found that it is not an ionizing solvent, and b.p. determinations 
showed that many substances are associated to double molecules in this solvent. 
C. D. Niven discussed the electronic structure. 

M. Berthelot ® said that nitrogen peroxide is stable as such towards 500°, but 
this docs not ugieo with the observation of A. Richardson, C. W, Hasenbach, and 
W. Ramsay and J. T. Cundall--i'iclr supra, R. G. W. Norrish found that there is 
a slow increase in the press, of nitrogen peroxide illuminated by means of a mercury 
vapour lamp. I'ho press, becomes normal in the dark ; the change is rapid at first, 
and afterwards slow. The suppre‘=ision of the efieot by the addition of excess of 
nitric oxide or oxygen, coupled with the fact that nitric oxide is the mors efiertivo 
agent, points to the establishment of a photochemical equilibrium, 2N 02r^2N0 -j-Oj. 
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Since no atomic oxygen could be detected in the reaction miztnie, the reaction 
appears to be bimoleoular, probably by collision between photoactive and an 
inactive molecules of nitrogen peroxide. A heating effect, due to the recombination 
of nitric oxide and oxygen and to tlio absorbed radiation, is also involved. 
M. Bcrthelot also found that the electric sparking of the gas results in its decom- 
position into nitrogen and oxygpn. J. Zennock and B. Strasser found that when 
a current of the gas is drawn through a long narrow discharge tube while an 
rlfctrical current from an induction coil is passing, the colour of the glow of nitrogen 
peroxide varies in different parts of the tube; the succession of colours i's orange- 
yellow, bluish-violet, greenish-yellow, and bright red. J. Zeimcck and B. Strasser 
found Hint the orange-yellow, greenish-yellow, and bright red glows of the first, 
third, and fourth stages exhibit spectra which have been recognized as due to 
liitrngcu peroxide, nitric oxide, and nitrogen respectively. In the fourth stage, 
.some oxygen lines are aho present. The violet-blue glow of the secoud stage is 
probably due to un intermediate labile oxide, its spectrum differing from that of 
the peroxide by a difference in the relative portion, and from that of nitric oxide 
by a rlifferenee in the relative iukuiaities of the lines. M. Faraday also observed 
that during the electrolysis of nitrogen peroxide, it is slowly decomposed. 

K. Kuhlnidnn found that when the gas is mixed with an excess of hydlOffeili 
ami passed over red-hot platinum sponge, it furnishes water and ammonia 
(\ W. lIasenl)«'U'h said tliat nitrogen peroxide does not unite with oxygen either 
ill u high or ;it a low temp. D. Hcling. and F. Forster and M. Koch said that it is 
oxidized to nitrogen pentoxidc (r/.r.) by ozone. C. F. Scheinbein found that with 
hydrogen dioxide, nitric neid is formed. Nitrogen peroxide is decomposed by 
water. R. Weber hhowed that the gas is eomiiletidy absorbed by water without 
(lie evolution of any nitric oxide; and the soln. contains both nitrous and 
intnc acids. Nitrogen peroxide has thus the character of a mixed oxide. The 
Ti'.U'iion with liquid nitrugim peroxule was studied by J. L. Gay Lussac, 
r. L. Dulong, F. Feligot, and C. F. Silionbein. According to P. L. Dulong, 
when a hiunll prupoitiun (d water is added to the liquid, the blue liquid 
bei'oiiies dark green, but no gas in disengaged; tlie green cnloui is due to the 
fuTinatinii of nitric oxide which dissolves in the nitrous and nitric acids simnl- 
tixnconsly. J. L. Gay IjUssuc found that as water is gradually added to the blue 
liquid, the polour changes to green and then to orange-yellow; nitric oxide is 
erijiiously evolved during the early additions of water, but none, later on. The 
firsl action of water is assumed to result in the foiination of nitrous and nitric acids ; 
‘iNO^-t-HoO =HN02+HN03; the nitrous acid then decomposes: 3HNO2-H2O 
I 2N0 l-lINOs. The resultant of these two reactions is then rc'presented : 
3NO2 1 U2O— 2HNO3+NO, A. Sanfourche said that nitrogen peroxide originally 
forms with water or dil. nitric acid equimolrcular quantities of nitrous and nitric 
acids ; the subsequent decomposition of the nitrous acid thus formed is complek 
only when the concentration of the nitric acid does not exceed 20 per cent. ; beyond 
Huh, the oxidizing action of the nitric acid on the idtric oxide formed in the decom- 
position was observed, whilst with 70 per cent, nitric arid simple soln. of the peroxide 
takes jdace. 0. L. Burdick and B. S. Freed measured the partial equilibrium con- 
Btant iC^[N0][HN()3l2/[N02j-*|H20J, for the reaction 3NO2+H2O-2HNO3+NO, 
when the concentrations are expressed as partial press. They found, for log K, at 
60°, and 76°, for nitric acid containing]! per cent. IINOs • 


HNO, . . 24-1 

, (25“ . -2-40 

logic ISC'* . -2-66 

ItC" . -2-49 


33>8 40*2 

-2-39 - 2-21 

-2-47 -2 28 

-2-47 -2-36 


45-1 49'4 per cent, 

-2-30 -2-38 

- 2-34 -2-26 

-2-32 -2-34 


Th'^ percentage conversion of nitrogen peroxide into nitric acid for different 
concentrations of nitric acid— per cent. HNOs by wt. — ^with gas containing different 
proportiona of nitrogen peroxide is given in Table XXX. Nitric acid above 60 per 
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cent. HNOs ia a very poor medium for absorbing and convertmg the ozides pro* 
dnoed when ammonia or nitrogen is oxidized by the usual nitrogen fixation pro* 
cesses. The decomposition of the nitrous acid is favoured by heat; and the 
evolution of nitric oxide, by the addition of substances which promote the for- 
mation of gas bubbles — ^thus, C, F. Schonboin found that after the evolution of 


Table XXX. — ^Peboentaoe Conveksion or Nitrogen Peroxide to Nitbio Acid by 
Abbobftion in Aqdeous Soln. of NiTHir AiiD AT ATMonrHERic Pressure. 
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nitric oxide from a mixture nf liquid nitrogen peroxide with 5 tijnes its vol. of 
water has ceased, the evolution of nitric oxide is very violent ; if heat be applied, 
the introduction of pumice-stone, charcoal, or platinum wire is attended by u 
further evolution of gas. The metals silver, copper, brass, and iron act more 
rapidly than platinum although these metals are very slightly attacked during lli»' 
operation. According to J . Fritzsche, if one part of water be added in a fine stream 
to ten parts of liquid nitrogen peroxide at —20'’ very little nitrio oxide is evolved, 
and two strata of liquid are formed; the upper one is ^rkgreen, the lower one lighter 
green. The upper liquid begins to boil at 20*^, but the b.p. quickly rises to 120 ’, 
and a blue liquid collects in the receiver. The lower liquid begins to boil at 17'’. 
but the b.p. rises to 28°, and a greenish-blue liquid collects in the receiver. If the 
liquid nitrogen peroxid e be mixed with more water, very little nitric oxide is evolved, 
and the lower layer becomes a very dark bluish-green colour ; it is then transpareui 
only in very thin layers. B, Heberlein found the electrical resistance, R ohmf. 
of mixtures of nitrogen peroxide and water shows a minimum value : 
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E. T. Chapmoa supposed tbat niiiogen peroxide reacts with water, forming 
nitric acid and nitric oxide; 3N204+2U20=::4HN03+2N0 ; A. Y. Harcourt 
emphasized the fact that some nitrous acid is always formed : N204-|'-H20 
sr]lN03-|-HN02, and that afterwards the nitrous acid is slowly oxidized to nitric 
acid. The rate of oxidation depends on the temp, and cone, of the acid liquor, 
L. Troost and F. Hautefcuillc said that the heat of oxidation of nitrogen peroxide 
to nitric acid is 23-5 Cals, per oq. The converse change, the reduction of nitric 
acid to nitrogen peroxide depends on the cone, of the acid, being 17-5 Cals, per eq. 
fur an acid of maximum sp. gr., 17-1 Cals, for an acid of sp, gr. 1 - 48 , lG -9 Cals, for an 
acid of sp. gr. 1 - 46 ; and 15-3 Cals, for an acid of sp. gr. 1 - 43 . F. Fcirbicr and M. Koch 
showed that the reactions between water and nitrogen pr-roxide gas are reversible : 
2N0£-|-n20i^nN03+HNO2, and 3nN02r^lIN03+2N0+H20 ; or summated 
into one equation, 3 N 02 +H 20 ^ 211 N() 3 +N 0 . Cojisequcntly, the partial press, 
of the nitrogen peroxide, and the nitrir oxide irirrespond with a given cone, of 
nitric acid. Theio partial press, arc, however, influenced by the equilibrium 
K 0 -| N02?^N2()3, and the soliilnlity of the nitrogen trioxide in cone, nitric acid 
at low temp. In the jirchcnce of oxygen, also, there is the di’^turbaure due to the 
reaction 2 NO j- 02 = 2 N 02 , so that with a given quantity of nitrogen peroxide, the 
ultimate product is nitric acid. The cone, of the nitric arid formed by the action 
of a mixture of nitrogen peroxide and oxygen or nir on water reuclies a limit 
1!NU24H20^N03H-U^02, w-hich is a function of the cone, of the nitrogen 
peroxide, since the lower the paitial preas. of the pcioxide, the smaller the cone, 
of its soln. in water, and also of its reaction with water. The larger vol. of undis< 
soheil giiscs passing tlirougli the soln. cnincs a more rapid evaporation of water 
mid nitric acid. When soln. containing over G 8 jier cent, nitric acid arc evaporated, 
t Ur iivmI volatilizes more rapidly than the watc-r. Consequently, Ihc maximum conn, 
of nitric acid which can he obtained by the action of a mixture of nitrogen jicroxide 
niul oxygon or air on water must bo somewhers about this perceutago. The limiting 
ooiic. of acid must bo smalh^r the more rapid the current of gas. With air containing 
1 , 2 , and b per cent, of nitrogen })eroxide, the limiting cone, of tho resulting nitric 
nci<l is about 46 , 52 , and 55 per cent, respectively. Thcrofore, the gases obtained 
by the eonibustioii of mlrogcn in the electric an*, containing about 1 or 2 per cent, 
of nitrogen peroxide, could give 4 ti -52 per cent, nitric acid when absorbed by water, 
if ozone be present, some nitrogen peroxide is oxidized to pentoxide, and a greater 
cone, would bo attained. IS. lirincr and E. L. Durand consider that the equilibrium 
bet v\ pen nitrogen trioxide and peroxide and nitrous and nitric ai'itls involves a trio of 
reversible processes ; JI«0+N202~ 2IINO2 ; 2N02+H20^^IIN03H-I1N02 ; and 
3IINO2 -IJN03+2N0-i-Il20. Nitric oxide also reduces nitric acid, and iliis the 
Diorc the greater the partial jiress. of the nitric oxide, and the greater the cone, of 
Ihe nitric acid. Tin- liratb of the reactions arc enilotliorinic so that a rise of temp, 
iiicreaspfl the ratio 11N03:IIN02- Consequently, a liigli press, and low temp, 
favour the formation of nitrous arid, and conversely for nitrous acid. The equili- 
brium conditions for the reaction 3HN02^1IN03 1~2N0+H20, have been studied 
by A. V. Bchaposlmikoff, and 6 . N. Lewis and A. Edgar — vide sypra. 0 . H, Wulf 
and CO- workers found that tho oxidation of nilrogm peroxide by ozone at 25 ® 
is instantaneous, and the reaction is: N204+0.i“-N205+02. A. Finkus and 
M, dc ScLuIthess found that the reaction between ozone and nitrogen peroxide 
takes place with tho evolution of light, and very often partakes of the character of 

explosion, even wlicn tho quantity of ozone present is very small. A very 
strong bi-polar ionization accompanies the reaction, which appears to be due entirely 
to the reaction itself, but this is not quite certain, because the product of the reaction, 
nitrogen jientoxide, is solid, and because of the violence with which the reactions 
ti^ke place. 

J. L. Gay Lussac, P. L. Dulong, and F. Raschig showed that aq. soln. of the fllk&li 
bydruxidai react with nitrogen peroxide very much like water. With cone, alkali-lye, 
A mixture of allralj nitrite and nitrate is formed accompanied by a slight evolution 
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of nitric oxide. The primaiy reaction is: 2N02+2E0H=KN0s+KN02+H20. 
G, Lunge, and E. Borl found that equimolar proportione of nitrite and nitrate are 
obtained with dil. soda-lye only when the nitrogen peroxide is in the liquid state, 
or is diluted with an inert gas. If mixed with air or oxygen, the nitrite is partially 
oxidized to nitrate. According to M. le Blanc, a mixture of nitric oxide and nitrogen 
peroxide in equimolar proportions behaves like nitrogen trioxidc, which forms 
with alkali-lye almost pure nitrite: N20s+2K0H=2KN02+H20, while a 
little nitrate and nitric oxide are formed at the same time. Again, if nitric oxide 
mixed with air or oxygen be undergoing oxidation, alkali nitrite may ptodomiiiato, 
and the sliorter the interval of time between the mixing of tlie gases and the absoiqi- 
tion of alkah'-lye, the greater the proxK)rtion of alkali nitrite formed. The follow- 
ing reactions are supposed to be concerned in the absorption of alkali-lye of a mixture 
of air and nitric oxide when the latter gas is undergoing oxidation to nitrogen 
peroxide; (i) 2N0+0or-2N02 : (ii) N0-| N02=No03; (hi) 2MO2+2EOH 
^KNOs+KNOa+HaO ; and (iv) N2O842KOII- 2KN02H ILO. The second 
and last of tliese rtMelions tako place ra]»ul1y. The eunc. of nitrogen trioxiile 
is always very small, but, directly the eqiiihbrium is distributed by the absorption 
of nitrogen trioxide, mure trioxide is formed, and this continues until one of tlie 
comjionenta is exhausted. I’hc third reaction is comparatively slow. F. Forster 
and A. Blieh coufinned these assumptions, and showed that nitrogen trioxide is 
absorbed by alkali-lyc more rapidly than nitrogen peroxide ; and rimsrquently, 
alkali-lye ai)sorlKs a mixture of nitric oxide and nilrogen peroxide more rapidly 
than the latter alone. A. Sanfoiiichc observed that the action of oxides of nitrogen 
on Boln. of alkali hydroxide in which the calculated proportions of nitrate and nitrite 
are formed only occurs if the alkali is in excess nt all points in the sob. Olhcrwise, 
a reaction with the water takes place with foniiatiun of nitric acid cud nitric oxide, 
the latter being further oxidized if oxygen is present. Moreover, if all the oxides 
of nitrogen are not absorbed in their first passage through the toln., this reaction 
with water eoutimies in the gaseous phase with water vap. This is shown by the 
formntinn of a mtric acid mist and by its subsequent depr^sition as acid dew on the 
upper portion of the walls of the vessel in spite of the jiresenee of excess of alkaline 
Boln. R. Weber showed that salts with water of crystallization e i/, alum — 
slowly decolorize niirc»gen peroxide, 6. OdJo found that with solu. of water in 
nitrobenzene, the water forms simple mols. at low eonc., and more complex mols. 
at higher cone. ; but with sob. of nitrogen peroxide in nitrobenzene, water gives 
values for the mol. wt. which at small cone, approaches and subsequently exceeds 
three times the theoretiral number. It is therefore Inferred that the gas tends to 
form hydrated nitrogen peroxide, N2O4.H2O, which he called nitrosic acid, II2N2O5. 
He represented this acid by the formula 0 ; N(OTT) : 02.N(01I), and considered 
its constitution to be related to that of nitrogen peroidde : 

ho'"’’ ^ "o‘ 0-N"'® ""N- 0 

NitToair acid, Nitrogen peroiide, N,0|. 

Nitrosic acid can be regarded as a combbation of a mol each of nitric and nitrous 
acids ; HNO2-I- HNO3- [I2N2O5. This is supported by V. II. Veloy’s observation 
that lead is attacked to a greater degree by mixtures of nitric and nitrous acids 
than by either alone, and the reaction with the mixture of acid is the more intense 
the more nearly equal is the proportion of nitric and nitrous acids. G. Oddo said 
that the basic function of the ;N.OH-group tends to convert nitrosic acid by way 
of the ammonium salt into the anhydride ; nitrogen peroxide can thus be regarded 
as DitroBic anhydride, Although this acid has not been isolated, its existence is 
confirmed by the behaviour of water m benzene or acetic acid sob. of nitrogen 
peroxide, and by that of alcohol in benzene sob. of the peroxide. The organic 
nitrosates furnished by the action of nitrogen peroxide on ethylenio compounds 
can be regarded as denvatives ot nitrosic acid. 
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H. Hoissan and P. Lebeau found that nitrogen peroxide doee not react with 
flaorine at ordinary temp. P. F. Frankland and R. Fanner found that chlorine 
is slightly solnblo in the liquid peroxide. V. W. Hasenbach showed that nhlnrina 
has scarcely any action on well-coolcd nitrogen peroxide, but if a mixture of the 
two gases bo passed through a heated tube, presumably chloronilric acid is formed ; 
bromine vapour and nitrogen peroxide gas when passed through a heated tube 
form a dark brown liquid boiling at 19°-20°, and containing t32'2-34-7 per cent, 
of bromine ; it is thought to contain a hronionitric acid which is decomposed by 
distillation. P. F. Frankland and R. C. Farmer found bromine is miscible in all 
proportions with liquid nitrogen peroxide, forming a brown soln. ; and iodine 
readily dissolves, forming a purple-brown soln. Iodine does not redact with nitrogen 
peroxide under the same conditions as chlorine or bromine. F. L. Dnlong said 
that iodine may be distilled in the gas without chemical action. A. Gcuther and 
A. Michaolis observed that bydre^sen chloride reacts with nitrogen peroxide, 
forming niirosyl and nitroxyl chlorides. J. L. Gay Lussac said that hydrochlorio 
add furnishes nitric oxide and aqua regia. P. F. Frankland and R. G. Farmer 
found dry hydrogen bromide and the dry liquid peroxide are entirely without 
action. A. 3. Balard observed that an aq. soln. of hydrochlorouS add gives nitric 
arid and cldorine. According to A. Gautier, an aq. soln. of iodic add forms nitric 
acid and free iodine. P. F. Frankland and R. C. Farmer found that iodic acid is 
nriihiT attacked nor ilissolved by liquid nitrogen peroxide. 

P. L. Duloiig said tliat strongly heated sulphur burns in the vapour of nitrogen 
peroxirle, but others found that tlie flame of burning sulphur is extinguished by the 
gas. P. F. Frankland and R. C. FaruieT observed that sulphur is slightly soluble 
in the liquifl ])eTOxirle without rhemital action. C, Leconte found that with 
hydrogen sulphide, sulphur, water, and uitric oxide are formed ; nitrogen peroxide 
])recipitatcs sulphur from an aq. snlii of hydrogen sulphide and ammonia is formed. 
R Weber found that, if a mixture of sulphur dioxide and nitrogen peroxide be 
passed through a red-hot tube, yelhiw crystals of nitropyrosulphuric anhydrides 
are formed provided the tube is hoi enough, otherwise the gases suffer no change ; 
hut at ordinary temp., C. W. Hasenbach found that they unite to form sulphuryl 
dimtroxyl, S() 2 .No 04 , which K. Weber found is decomposed by water to form 
nilroaulphiiric ariil. W. Manchot said that at 200® to 300®, Biilpliiir dioxide and 
nitrogen peroxide unite to form iiitrosylsulphur trioxide, 
gases are moist iiiirnsyKulfdmric acid is formed. F. Rasuhig said that in the 
presence of water, nitrogen peroxide does not net directly on sul})hur dioxide, but 
rather dissolves in the water to form nitric and nitrous ir’id>i, and only the latter 
act<i on the sulphur dioxide. L. Tl. Kriedburg observed tut nilroxylsulphonic acid 
is formed by the action of sulphur dioxide on a soln. of nitrogen peroxide in carbon 
disulphide. G. Oddo and A. PassUno found that sulphur tiioxidc reacts with 
nitrogen peroxide, forming nitrosyl pyrosttlphate. 0(802.0,N0)2. R. Weber, 
C. A. Winkler, C. W. Hasenbach, and L. H. Friedburg observed that sulphuric 
add absorbs nitrogen peroxide, forming a series of substitution products (q.v .) ; 
0. Lunge showed that nitroxyl sulphonic and nitric acids are formed; 
n2S04+N204^HN08+S02(0H)(N02) ; and Q. Lunge and E. Weiniraub further 
showed that the reaction is reversible. P. F. Frankland and R. C. Farmer found 
the liquid peroxide has at first no visible action on sulphuric acid, but in time solid 
nitroxylaulphonic acid is formed. 

M. Berthelot observed no reaction between Uitrogen and nitrogen peroxide. 
Nitrogen peroxide reacts vigorously with aq. ammonia ; and A. Besson and 
0. Rosset found that liquid ammonia reacts explosively with solid nitrogen peroxide 
at —80®, but if a current of gaseous ammonia at — 20® is passed over the peroxide, 
the reaction is moderated and the products are nitrogen, nitric oxide, water, ammo- 
nium nitrate, and a trace of ammonium nitrite. Nitrogen peroxide reacts slowly 
with ammonium chloride in the edd ; the reaction is, however, complete in scaled 
tubes at 100® with the formation of chlorine, nitrogen, nitrous oxide, nitrogen 
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triozlde> nitrosyl chloiido, water, and nitric add. Whon ammonium nitrate or 
sulphate lopkces the chloride in the above reaction, the products are nitrogen 
and nitric acid or nitrogen, and a mixlnre of nitric and Rulphiiric acids respectively. 
For the action of nitrogen peroxide on nitric oxidet sec Fig. 71 . According to 
R. Weber, and G. Lunge, nitrogen peroxide is readily dissolved by dil. and cone, 
nitric acid« G. lounge and L. Marchlewsky found that the sp. gr. of nitric acid 
shows a marked increase with the addition of uilrogon peroxide ; and 1 \ Fascal 
and M. Garnicr found that the maximum occurs with a mixture containing about 
42-5 pci cent, by weight of the peroxide, corresponding with the compound dini- 
troxydinitric add, N2O5.N0O4.H2O, or 2IINO3.N2O4, which is stable at - 48 - 5 ^ 
but dissociates above that temp. According to E. K. Ridcal, the absorption of 
nitrogen peroxide hy cone. Tiitrio acid in the presence rd air proceeds most rapidly 
at low temp., but with water, the reverse occurs. The ])(»int of inversion, tliat is, 
where absorption is independent of temp., is reached with n]>pT()ximatcly 10 per 
cent, nitric acid. The limitalion of the nitrie arid cone, to G 4 per rent, in 
absorption towers is caused by reduction of nitric ncid by the nitrogen trioxide 
produced. By agitation with oxygen, the NoGs is convert«^d inio NO2, and a 
higher cone, of nitric acid is obtained, and by pooling a 12 per cent. NGo-air 
mixture to 20® to riminve excess of water above that rerpired for the equation 
2N204+2Iln0-|-G2- 311 NO^, and then refrigerating to —10®, nitric arid of 01-2 
to 78-1 per cent. UNO;} was jirodiieed. \V. K. Jhiiisfield ineaMired tlie sp. gr., 
sp vols., r, and contraetion.s, of mixtures of the two eimstitueiits at 4 ®, 14 ®, and IH ' ; 
and found, at 14 ° ; 

NO . . 0 8-021 20-00 d7-G0 43 71 4S 60 S1-.37 00 0.3 100 

Sp. vol . . 0'05(l 0-037 0-012 0 tM)3 U-OOl 0 OOl 0-602 0-673 0-674 

Contr. . . — 0-11032 0*0724 0-093i 0-0007 0-1011 0-1003 0-0008 - 

There is a gaji in the curve with between 51 and 92 per cent, nitriigen peroxide 
corresponding M'ilh tlie separation of the li(juicl into two layers wlneli are mutually 
Batnraled. lie found for the mutual solubilities of nitnc arid in liquid nitrogen 


peroxide : 

Sat. Buln. JTX 0 j In liamd 

Sat. spin, liquid in lINOj 


Bi). BT. 

SJ). Mil Pn cent livai 


Sp. vdI. Vct cent. Tl i^Og 

4" . 

. 1-48712 

0-67231 4-90 


0-00118 5 1-4 

11® . 

. l-473fil 

0-67Hbr> 0-07 

l-(i3042 

0-00007 54-3 

18® . 

. l-4r>04U 

0<6br»21 8-06 

1-62501 

0-U1338 54-U 


W. K. Bou&field also measured the temp. coefT. and found evidence of the formation 
of two compounds: tetranitroxyltzinitric acid, 3IINO2.2N2U4 ; and ilini- 
troxylt(draijJiric aeul, 4nJN03.N2G4. T. L. Diilong found that phosphorus con- 
tinues burning in nitrogen ixTOxide provided it is hcati*d more strongly than is 
the case with oxygen. T. Graham observed that the gas has very little action on 
phosphine ; T. E. Thorpe and A. E. 11 . Tutton, that no eombiiiaiion occurs with 
phosphorous oxide ; E. TasK^el, tlmt at — 10'^ it forms white crystals of phosphoros 
dinitroxylpentafluoride, i^F:^.N204, when treated with phosphorus pentafluoride ; 

A. Geuther and A. Miehaelis, that it reacts with phosphorus trichloride in a similar 
way to nitrogen trioxiile, forming pyi opliosplioryl,])hDRphoryl, and mtrosyl chlorides, 
phosphorus pentoxide, nitrogen, and a little nitric oxide ; R. Miillcr, and A. Geutlier 
thal with phosphorus pentobloride, it forms clilorinc, nitrosyl, and phospboryl 
chlorides ; V. Thomas, that by strongly heating nitrogen peroxide with phosphor^ 
triiodide, iodine and phosphoric acid are produced. F. F. Frankland and 

B. C. Fanner found that phosphoric add slowly absorbs some liquid nitrogen 
peroxide, forming a niiroxyl flmfhoric acid insoluble in the liquid. A. Besson 
oteerved that with antimony pentachloride, antimony dinitroxyl-pentadeca- 
Chlonde, 3SbCl5.N204, is formed ; and V. Thomas observed that with antimony 
trichloride, a complex is formed, and if nitrogen peroxide vapour is absorbed anti- 
mony trichloride, and a white complex, Bb40ixN2^4f ^ formed ; complexes were 
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also obtained with antimoDJ bromide^ and antimov iodida. A. Besson, and 
V. Thomas also obtained a complex with bismirfh trichloride ; and V. Thomas, 
one with bismuth iodide. 

F. L. Dulong found that ignited charcoal bums in nitrogen peroxide gas with a 
dull red flame. C. W. Hasenbach found that at ordinary temp, carbon 
is oxidized by nitrogen peroxide, forming carbon dioxide and a volatile liquid 
decomposed by water. B. Mtillei found that at ordinary temp, caldom Carboute 
is not decomposed by nitrogen peroxide. L. H. Friedburg said that carbon di« 
sulpbide absorbs the gas copiously. E. Turpin, and B. Betlick prepared explosives 
from mixtures of carbon disulphide and nitrogen peroxide. E. Turpin called bis 
mixtvife pavXIastUe ; it could bo heated to 200° without explosion, but detonated 
with mercury fulminate. A mixture of the vapours of carbon disulphide bums with 
a brilliant flame once called in commerce selenophaniltt and when phosphorus was 
present, hdiophanite, 

F. F. Frankland and B. C. Farmer reported that anhydrous liquid nitrogen 
peroxide is inert towards numerous organic compounds, and only in exceptional 
cases is the reaction violent. The presence of a small quantity of water increases 
the chemical activity of the peroxide. As a solvent, liquid nitrogen peroxide dis- 
solves numerous organic compounds, and in some cases the crystals of the original 
solute can be recovered by evaporation. The unsaturated hydrocarbons readily 
unite with nitrogen dioxidi' — thus amylcnc forma N02.0.C5H9 : N.OII— a reaction 
studied by E. Bcrl. P. F. Frankland and B. C. Farmer fonnd that both benzene 
and tidiicne dissolve without change ; naphthalene dissolves and forms dinitro- 
luplithalenc ; and anthracene is oxidized to anthmquinono. The nitro-derivatives 
are usually very stable, thus, nitrobenzene m-dmitrohenzene, p-mfrotolnene, and 
1 : b-dtnUrompWuilenc are easily soluble and can be recovered from the solii. 
imnhnnged. The halogen derivative's are usually stable — ^thus elhylem dihromide, 
acetylevs Ustrdbrowide, benzyl chloride, chlorobenzene, and ckkroform dissolve un- 
changed. J. B. Park and J. U. Partington observed no reaction with carbon 
Utrachloride, but a slight reaction with chloroform. No carboxylic acid was found 
tu react while being dissolved in the menstruum. Formic, acetic, monochloroaeetic, 
Irichloroacctic, fribromoacelic, IrichloTdbuiyric, iariaric, end henzoic acids readily 
uissolvcd without change, although the slightly impure peroxide reacts with tartaric 
and benzoic acids. The three n]irohenzo\c acids, the three bromobenzoic arids, 
and the three bromotoluic acids, as well as swcmic and phthaJic adds, dissolve only 
lili dillieulty. The hydroxy-compounds are less stable towards nitrogen peroxide ; 
thus, ethyl alcohol readily forms ethyl nitrite ; cane sugar dissolves readily in the 
menstruum, and is attacked only if moisture be present ; phenol reacts vigorously 
wiili the peroxide; 2 : i-dinitrophenol, and trinitrophenol or picric acid dissolve 
rf'adily without change ; i^alicylk acid first dissolves and is then quickly attacked ; 
wlule b-nitrosalicylic acid dissolves slowly and is not attacked. The ammines 
are quickly attacked by liquid nitrogen peroxide, thus the three nitroanilines, 
and p-naphihylamine form the corresponding diazo-compounds ; pyridine and 
quinoline are violently attacked ; while neither quinine nor anthraquinone are 
attacked, though the former is quickly and the latter slowly dissolved. Some 
phasrs of the subject were discussed by H. Wielaud, F. Guthrie, P. Pascal, etc, 
d. Mcisenheimer, and E. de Barry Barnett studied the action of nitrogen peroxide 
on anthracene derivatives. P. Pascal found eutectics with nitrogen peroxide and 
23'5 per cent, of bronteform at — 13’5® ; 91-5 per cent, of chloroform at —68° ; 
90 per cent, of methyl iodide at 69-5° ; 91*85 per cent, of carbon teirackloride at 
‘-‘49® ; 80 per cent, of phenyl hromide at — 42‘5'* ; 92 per cent, of cWorojworin at 
^79'5° ; 29-4 per cent, of picric acid at —13*5° ; and 29 per cent, of idnitroiolame 
at —17®, Camphor forms three eutectics corresponding with the formation of 
two compounds. According to A. Schaarschmidt, saturated aliphatic hydrocarbons 
arc but slowly attacked by nitrogen peroxide, fatty acids being first formed and 
than further oxidized to oxalic add and carbon dioxide, whilst the peroxide is 
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reduced to nitric and nitrous oxides and ultimately to nitrogen. With olefinio 
hydrocarbons, howeveri there is immediate formation of extremely unstable isomeric 
nitrosates and pscudonitrosites, accompanied, in some cases, by polymerization 
products. Nitrogen peroxide, in the cold, converts benzene very slowly into 
picric acid, and toluene more readily iuio trinitrotoluene, as well as forming nitro- 
nitrite compounds, which are decomposBd by alkalies (t.g, to dinitrocresol). In the 
presence of metallic salts {t.g, aluminium or ferric chlorides) benzene forms with 
nitrogen peroxide complex additive compounds which are decomposed by water. 
A. Sohaarschinidt found that saturated aliphaiic hydrnGar 1 )on 8 are but slowly 
attacked by nitrogen peroxide, fatty acids biding first formed and then further 
oxidized to oxalic acid and carbon dioxide, whilst the peroxide is reduced to nitric 
and nitrous oxides and ultimately to nitrogen. Bianched-chain paraffins are less 
resistant tliaii straight-chain paraffins. When the reaction occurred in a closed 
glass tube, there was no evolution of heat, but, even after the appearance of nitrogen 
brioxide in the tube, the mixture cooled an soon us th(‘ source of the external heat 
was removed. With olefinic hydrocarbons (e.g. amylene, cyelohexene), there is 
immediate formation of extremely unstable isomeric nitrosates anil ^-nitrosites, 
accompanied, in some cases, by polymerization products. Nitrogen peroxide, 
in the cold, converts benzene very slowly into picric acid, and icduene more readily 
into trimtrotolueiie. At tlie same time, nitro-nilnte compounils are formed, which 
are decomposed by alkalies [p.g, to dinitrocresol). A. Scbaarschmidt and E. SmolLi 
attributed the explosives, which have been known to oceur in nitrogen fixation 
plants, to the action of nitrogrn peroxide on the olefinie conbtihients of benzene. 
R. Borl did not agree with this. 

The adsorption of nitrogen peroxide by the hydrogel of silica has been studied 
by F. C. llay, J. A. Almquist and co-workers, and C. M. Faber and co-workers. 
N. W. Krase proposed to use silicagel for separating nitrogen peroxide from the 
gases obtained in the oxidation of ammonia. Liquid nitrogen jiernxido can be 
transported in steel containers, and it is a more convenient form for transporting 
nitric nitrogen than is nitric acid. A Geuther found th <)1 boron trichloiidB forms 
oxide and boron nitrosyltetrachloride. BCI3.NOCI; and P. K. Prankland and 
R. C. Farmer showed that liquid nitrogen peroxide neither attacks nor dissolves 
boric add. 

According to P. L. Dulong, potasdom takes fire in the vapour of nitrogen 
peroxide at orrlinary temp., and bums with a red flame ; sodium also decomposes 
the vapour without disengaging heat or light ; copper aets on tltt> vapour slowly 
at ordinary temp., and rapidly when heated, forming cojipcr oxidi* and nitric oxide, 
P. Sabatier and J. B. Senderens observed that finely divided copper 111 the cold 
absorbs nitrogen pcroxidi*— freeil from all traces of nitric arid -forming what they 
called cuiwe nttrL UUrocop-per was represented by the formula Cu2N02, and con- 
sidered to be a chemical compound. Its piopiTtiea were describeil, but these are 
all characteristic of the properties of nitrogen peroxides. II. Tartar and 
W. L. Semon showed that the alleged compound is not formed by the action ol 
nitrogen peroxide on copper, and they consider that the product is a film of 
anhydrous cuprous nitrate on the surface of copper. J. B. Park and J. K. Partington 
measured the rate of absorption of nitiogen peroxide by copper, and showed that the 
first action probably involves the formation of cuprous oxide with the evolution of 
heat, 2 Cu-|-N02=-Cu 204-N0 ; the cuprous oxide then absorbs nikogen peroxide up 
to the saturation point ~33 per cent, nitrogen peroxide. On heating, the gas ib 
given off and cuprous oxide remains; the gas is rc-adsorbed on cooling. The 
nitrogen peroxide can bo all removed by carbon tetrachloride at BfiMO"*. The 
alleged nitrocoppei is therefore an adsorption complex of nitrogen peroxide in 
ouproUB oxide. A. Klemenc and A. Schroth confirmed this conclusion, saying that 
the NUrokupfer und waJirscheMich auch die anderen Nitrometdlle md ah ehpmUch 
VerUndufigen aus der LUeratur zu atreichen, E. Divers and T. Shimidzu poured 
liquid nitiogen peroxide on reduced copper and observed a brisk effervesccnco 
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with the evolution of nitnc oxide, and the ioTmatiun of what was thought to be 
cuprous nitrate mixed with cupric nitrate. B. Mtillei showed that at --10^ liquid 
nitrogen reacts with many me&l8» forming the metal nitrate and nitric oxide ; the 
latter uniting with the excess of nitrogen peroxide forms the trioxide. P. Sabatier 
and J. B. Bendcrens found that finely divided silver reacts with nitrogen peroxide, 
forming nitric oxide and silver nikate; copper under similar conditions gives 
cuprous nitrate. They found that wiRgnaginm fiUngs bum vigorously when 
heated to dull redness in an atm. of nitrogen peroxide ; and zinc at about 300° 
forms zinc oxide. P. L. Dulong observed that mereoiy is slowly atlarked by the 
vapour of nitrogen peroxide, while E. Divers and T. Bhimidzu found that the li<^d 
reaebs with mercury, forming a mixture of mercurous and mercuric nitrates, ^e 
reaction was studied by W. A. Noyes. P. Sabatier and J. B. Benrlereiis said that 
aluminium filings are not perceptibly attacked by the gas at 500°. P. L. Dulong 
observed that tin is slowly attacked by mtrogen peroxide at ordinary temp. ; and 
P, Sabatici and J. B. Senderens, that at almut 200°, lead forms a basic nitrate. 
According to A. Guntz, pyrophoric manganese inflames in the gas ; but the nou- 
pyroplioric metal reacts at a suitable temp, thereby forming a mixture of manganese 
oxides, while a trace of nitrile is simultaneom^ly produced. P. L. Dulong observed 
that iron is slowly attacked by nitrogen peroxide at a red-heat, forming ferric oxide, 
and nitric oxide ; P. Sabatier and J. B. Seiidercns said that the reaction with 
reduesd iron begins at about 350° ; reduced cobalt at a suitable temp, bums in the 
gas, forming cobaltosic oxide ; and reduced nickel, at 250°, fomis nickel monoxide. 
It was also found that the finely divided metals in the cold absorb nitrogen peroxide, 
[oriiiing nitro-iion^ Fo^NO^; mirocobalt^ C02NO2; and nUronickel, The 

observations made above on the nitrocopper arc almost certain to be v^d also for 
these substances. 

r. L. Dulong reported that when the vapour of nitrogen peroidde is passed over 
banum oxide at ordinary temp., the gas is absorbed ; at 200°, the baryta suddenly 
becomes rod-hot and fuses, forming a mixture of nitrite and nitrate. J. B. Parting- 
ton and F. A. Wiliiaiiib found that nitrogen peroxide reacts with calcium oxide 
at all temp, up to 400°, giving primarily calcium nitrite and nitrate. Secondary 
leactions, however, occur at higher temperatures; above 230°, calcium nitrite 
dpcoTuposes, Ca(N02)2“Ca0-t“N0-|-N02, and in the presence of nitrogen peroxide 
undergoes oxidation at lower temp, in the following ways: (1) Ca(N02)zH-2N02 
- Ca(N03)2+2N0, (ii) Ca(N02)2+N02->Ca(N03)2+0-5N2. At 450°, the moL 
proportions of the decomjioBition are represent^ by 12-02 mols 0a(NO2)2*>7’h8f aO 
f-4-34Ca(NOs)2+14'4UNO+N, nitrogen and nitric oxide alone Ixing evolved. 
Above 480°, nitrogen peroxide is, in adiL'iion, given o5, and at 495° calcium nitrate 
begins to decompose. T. Guareschi found that soda-lime or potash-lime readily 
absorbs nitrogen peroxide at ordinary temp. ](. Muller said that in general Iho 
lii|uid peroxide reacts with the metal oxides, forinmg the metal nitrate and nitrogen 
tiioxido. A, Klemcnc and A. Schroth found that the adsorption of nitrugeu peroxide 
by a mixlnre of copper and ouprous oxide is less at higher than at lower press. They 
found the absorption cquiUbriuro, with cuprous oxide ; 

0* H*B« 20* 26« 80* 40" 

. 0-338 0-020 0*900 M6 1-35 2-27 atm. 

No. per CBnl. . 1-41 3-24 4-08 — 6-27 6 11 

If a c.c. of nitrogen peroxide ore absorbed per gram at 0° and 700 mm., when the 
press is p atm., at 40° : 

P • . , 0-338 0-620 0-900 1-15 1'36 2-27 atm. 

a . . .6*8 16-6 19-6 23-8 25-0 24-6 

The results plotted on a smoothed curve in Fig, 8R, show that the adsorption 
isotherm passes through a maximum at about 1-6 atm. press. F. Sabatier and 
J- B. Senderens found that black cuprous oxide reacts at 300°, forming cuprio 
VOIh vm, 2 » 
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o^de ; stannons ozida foims atannic ozidp ; lead oxidBi a basic nitrate ; tttuilllB 
•esQiiioiide^ white titanic oxide ; Tanadiom iiioxidei the brown pentoxide ; 

tongsten dioxide, yellow tungstic oxide; 
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manganous oxide, manganese sosquioxide ; 
and urammn dioxide, a basic nitrate. 
D. Tommasi found that with a boiling soln. 
of potassium dichromate, a complex potitsstum 
cArofnoc/tmnate, 1 (^"^02)3(0109)2 K20J1I20, is 
foniied. The potoAium n-rfriidMi/iroma/e or 
pt)ia<tsium nUrojr 7 /ldtrArom(Ue, KO Cr20B NO2, 
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Adsorptm MtC,e 

0^ nt L. JMrmstadtor cuiild not oc pieporea Dy 
G. t' Schmidt, null G. N Wynmboll 


Fio S8 Vd,.irpt.on Isoth.nn f«i Fraukloiul and R. V. Fanner ob- 

UupiHU's Oxiilo anil Nitiogfii I'l r ht'rvoil no ca-v in \^[iich an inorganic Balt 
oMiie at 40® wai tlis^olvcil by liquid nitrogen jicroxide, 


pioMilcd the liqiiiil jmnfiinl. If moisture 
be present, many chlorides are attacked lalhor quickly. The alkali chlorides 
and flnondes are not attar ked bv the drn d liquid, but if moisture be present, 
potassium Chlondc attarkul and eblonne is set free to be dissohed b} 
the liquid , potassium bromide and iodide are attacked by the dry or moist 
liquid, setting free the halogen The lujuid ptroxnle rloes not dissolve or attack 
rotassium rntrate, sulphate, or chlorate, and the same remark applns to sodium 
nitrite, and bydrazme sulphate. V. ThomaB prejian d additum ( umpoiinds of 
nitrngrii jieioAiile \vith copper chloride, and copper bromide ; E Lurk, one with 
magnesium phosphate and nitrogm peroxide, V Thomas, with zmc chloride, 
zinc bromide, zmc iodide, cadmium chlonde, cadmium bromide, and cadmium 
iodide V. Thomas described a complex SnOUi 2 U NjOg, or 8 n(N() 3 ) 2 C‘L ;> 8 n( I 4 , 
btuftvic m(rafoclihrid( ns a product of tlie Action of nitrogen peroxide on a dil 
rlilorofoim «‘Olii of stdiuuc chloride J\ F FrankUnd and K. C K.irmer found that 
mercuric mtrate, and cyanide aie neitbei dissolved nor attacker] bv liquid mtrogen 
peiuxidi, A I3e«'Soii obtaimd a complex iibilh aluminium chlonde. If nitrrjgen 
I^eroxide acts for a ^^liort tunc rm titanic chloride, unstable hlamt nifrojyl rhhndt, 
1 ^ formed, Mith a more prolonged action titanic nitrate, Ti(NOj) 4 , 
IS priMluri'd V Thomas olitainul coiitplexcs with staiimc Chloride, and stannic 
bromide II Keihlcu and A Hake found that ^hen a solii of nitrogen ]ieroude lu 
carbon diMilphide arts on an execs', of Btaimic chloride, at brown ^hivmc mtroj r// 
(film idi , oSnl I 4 isformed , it dec oinpoBCS on warming If an exc ess of nitrogen 
jxjroxide ^ ii^ed, at — W) , }elluw USn( li.W^Ojis formerl, ami if mtiogeii tnoxidc 
acts nn staniiu i blonde, 3SnCl4 INtL is formerl V. Thomas prepared toin]>le\es 
with lead chloride, lead bromide, and lead iodide ; E Spath, with uranyl 
nitrate, namely, uranyl dmitrosyldtrate, Vr0i>(N()3)j(N02)2 F. F. Frnnkland 
and U V Fanner found that iron aoetcmyllioet^, FefCoUqO^la, and iron 
henzylaoetone, FcfCjolIgOjIj, were quickly attacked by the liquid peroxide, but 
no iron passed into M)ln. , ferric cUonde was not attacked by the dry liquid, 
but if moisture be prcbcnt, the Bull is attacked and iron pasaes into soln. F. Besson, 
and V. Thomas obtaineci complex salts with feme chlc^ridc^, and V. Thomas, 
with feme bromide. M Berthelot jiassed nickel carbonyl into liquid mtrogi^n 
peroxide, or iiuxed the vapours of the two compounds and obtained a blue vape^ur 
The constitation of nitrogen peroxide. -The analyses of J. L. Gay Lussac,^ 

P L Dulong, andE P(4igotagreewiththpempinealformulaiN02,aud, as indicated 

above, the density of the gas shows that there are two forms of the oxide N 2 G 4 
predommaling at low temp , and NO 2 at higher tf‘inp The constitution is doubt 
ful. J. Priestley, C L BerthoUet, II Davy, and T, Thomson considered that 
mtrogen ]>eroxiile is a combination of nitnc acid with nitnc oxide, and not a direct 
(Ximbinatioii of oxygen with nitrogen because ( 1 ) nitnc oxido converts nitnc acid 
into mtrogen peroxide ; and (u) mtrogen perosde is decomposed by water into 
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nitric acid and nitric oxide— they did not take into account the intennediate for* 
mation of nitrone acid. There are several possibilitieB for the structure of the low 
temp, form, thus, it may be r^rded as nitmyl nAnte, 0 : N.O.NOj; diniiroxyl^ 
OnN.N 02 ; or as nitrosyl dioxide, ON.O.O.NO. The evidence is very indecisive, 
A. Exner argued in favour of 0 : N.O.NO2 because of the reaction NOsCl+'dgNOs 
- AgCl+NsOi ; and also because of its decomposition by water into nitrous and 
nitric acids, N0.0.N02+H.0H=N0.0H-|-N02.0H, or by alkali-lye into alkali 
nitrite and nitrate 


NO| H 

0<N O ~"^-~ OK.=^00°+0<H *■ 

L. Henry, because of the production of alkyl nitrates and iodine when nitrogen 
peroxide acts on the alkyl iodides ; A. C. Girard and J. A. Pabst, because of its 
fonnatioQ from potassium nitrate and nitroxylsulpburio acid; NO2HSO3+KNOS 
~ N2O4H KIISO4 ; 0 . N. Witt, because of the formation of diazobenzolnitrate and 
water by the action of nitrogen peroxide on aniline; NO2.O.HO I-C6H5.NH2 
('0II5 : N2U.NO ; and 11 . Reihlen and A. Hake, because it forms a complex with 
htanuic chloride, 

Cl4Hn|^0;N.O.N^®''SnCl4|^. not Cl^SnJc: SnCl,] 

wliirh it would do if it Lad the symmetrical structure 02N.N02. This hypothesis 
would relate the three higher oxides of nitrogen : 

NO.O.NO NOrO.NO NO,.O.NO, 

N| 0 | 

R. Glinabcrg, and E. MttUer favoured the second formula O2N.NO1, because 
of the roaotion of nitrogen peroxide with water which he represented : 


jNO, 

NO, 



**^>0+NO,.H 


H. Wieland added that while the conception of nitrogen peroxide as a mixed 
anhydride of nitrous and nitric acids 0=N— 0— NO2 ie in harmony with its action 
on alkali-lye, yet a similar conception for nitrogen trioxide, ON.O.NO, is not iii har- 
mony with the blue colour assumed to be iu accord with the tinctorial qualities of 
a nitroso-dorivalivc, ON.NO2. The corresponding formula O2N.NO3 is in harmony 
wit/h many of its reactions ; its dissociation by heat ; and the action of water and 
alkali-lye which is analogous to that of the other symmetrically paired atoms or 
radicles--e.(/. cyanogen to cyanide and cyanate ; and chlorine to chloride and 
hypochlorite. For G. Oddo’s view of the structure, vide supra, hydrated nitrogen 
peroxide. J. C. Thomlinson assumed the oxygen atoms to be quinqucvalcnt in 
order to explain the thermochemical data. V, Meyer considered that the third 
formula, ON.O.O.NO, is in keeping with the union of amylene and iiitrogon peroxide 
to form C0 Hio(NO 2)2. which by reduction gives ammonia, showing that the carbon 
is not directly attached to the nitrogen, but to oxygen. This gives the formula 
UN.O.C5H20.O.NO. E. Divers, and J. J. Budborough and J. H. ifllar also regarded 
nitrogen peroxide as a nitrosyl peroxide. G. Eirsch, and H. Uenstock discussed 
the electronic structure. 

, 'The dissociation product NO2 behaves in many respects os a univalent radicle 
^th one free valency. 0 . Eiloty and B. G. Schwerin consider the nitrogen atom 

ifl q.uinquevalent, 0 =N= 0 , or may be tervalent, ^>N— . L. Spiegel favoured 

tte former hypothesis; E. Divers, and J. J. Budborough and J. H. Millar, 
talent 0 =N— N— , A, Bchaarschmidt oonriders that the various ways nitrogen 
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peroxide can react with organic compounded vule rupro-dfavour the aefinmption 
that it occurs as an equilibrium mixture of the three forms : 

O-N-^0 0-N--() 0- N 0 

6.N-0 CK-N-O ^ 0-N-O 
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§ 40. Nitrogen Pentondo 

In 1840, H. St. C. DcvlIIcI discovorod that nitrogen pentozide, N^Os, or 
nitric anhydride is formed when dried ehloriiie is passed over drieil silver nitrate 
contained in a (J-tube, heated on a water-bath. The reaction begins at 95°, and 
then proceeds regularly at 60°, The pentoxide can bo collected as a colourless 
solid in a bulb-tube surrounded by a freezing mixture. The reaction is symboliziMl 
4AgN05-f'2Cl2=4AgGl-f2N205+02. M. Odei and L. Yignon added that it is 
advisable to eliminate all joints of rubber or cork from the ajiparatua, and to 
connect the glass parts of the apparatus by fused or ground-iu points, or else by 
placing one tube inside the other and filling in the intermediate space with asbestos 
and paraffin. M. Odet and L. Yignon assumed that in the reaction b(*tween 
chlorine and silver nitrate, nitroxyl chloride is formed as an intermediate product, 
AgN03-|-Cl2=AgC!l-f-N02Cl-f 0 ; and they obtained the pentoxide by passing 
nitroxyl vaponr over silver nitrate at 60° to 70°, and collecting the products of 
the reaction in a cooled vessel; AgNQs+N02Cl=N205-fA^)l. C. Weltzion 
found that if iodine is used in place of chlorine, silver iodiile and iodatc, and 
nitrogen peroxide are formed. D. Hdbig made nitrogen pentoxide by the action 
of ozone on nitrogen peroxide ; and the reaction was studied by F. Forster and 
H. Koch, and F. Daniels, 0. R. Wulf, and B. Karrer. The results show that one 
mol. of ozone is required to oxidize one mol. of nitrogen tetroxido at 25° ; thus 
only one atom of the ozone mol. is available in the oxidation at this temp. This 
result is in striking contrast to the oxidation of sulphur dioxide to the trioxide by 
ozone at temp, below 40°, in which one mol. of ozone oxidizes throe mols. of sulphur 
dioxide, all three atoms of the ozone mol. being available for oxidation. According 
io F. 0. Anderegg and co-worken, the fog formed when ozonized air is passed 
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thnnigli an absorbonfe Boln. » due chiefly to hygroscopic nitrogen pentoiide. The 
yields ol osone and nitrogen pontozide in air are much more dependent on the 
nature and extent of the surface than on the amount of inductive capacity of the 
various materials placed in the discharge space. Glass wool is particularly active. 
An increase of voltage is accompanied by an increased formation of ozone, foUowcd 
by that of nitrogen pentoxide, a high cone, of which lowers the yield of ozone. 
Thus the cone, of the latter reaches a hist, second, and sometimes a third maximum. 
H. Fischer observed that some nitrogen pentoxide and ozone arc formed when 
Tesla currents of 25,000 volts pass through mixtures of oxygen aud nitrogem 

Nitrogen pentoxide is most conveniently made from anhydrous nitric acid 
which is obtained by the repeated distillation of a mixture of cone, sulphuric and 
nitric acids. The nitrous acid is removed by passing dry air through the nitric 
acid. The acid is cooled in a beaker, and phosphorus pentoxide added gradually 
with constant stirring, while the temp, is kept as low as possible. The addition of 
phosphorus pentoxide is continued until further additions produce but a small 
rise of temp. The cold, syrupy liquid is then added to a cooled retort, which is 
then gently heated, when on orange distillate collects in the receiver surrounded by 
cold water. On standing, the liquid distillate separates into two layers. The 
U]q)er layer is decanted into a thin-walled tulie, and cooled by ie^d water when 
er 3 'stalH of the pentoxide soon separate out. The orange-coloured liquid is poured 
oi!, aud the crystals are melted at as low a temp, as practicable ; the liquid is cooled 
find the mother-liquid again poured awuy from the crystals. J. Giersbach and 
A. Kessler said that if the nitric acid emiJuyed is free from water, it mixes with 
plins[diorus pentoxuh^ quietly without hissing. The yield with R. Weber’s process 
IS small. M. iicrthelot obtained a GU-70 per cent, yield by working as follows ; 

RalJior nioro ih/in lU own wnif^lit of phrisphoiie auhydriilu is added in binall quantities 
nt a tiino to nifne m iiJ, ilNOj, i oolud m a treesing inivture bo as to avoid any conmdai- 
able riho in the tompornturo, ^hiih bhould not fit any titiiB be abovo zero. The pahty 
mass thus obtained is then rapidly transferred to a tubulated retoii capable of contaimiig 
6 or 6 liniea the quantity, and dibtillod vrry blimJ.v, eollecting the product in stuppeied 
botth*B Burroimdod mth ice. The atihydndo eondciiseB in long, transjiaront, colourlrsa 
tr>BtulH wluch, i«hen ox[jo8Qd to the air, BloHly evapoiate without dehqneBLing. 

Tlia process of R. Weber was also modified by L. Meyer, G. E. Gibson, and 
F. Daniels and A. C. Bright. Aecunling to F. Russ and J. Fokorny, the operation 
is farilitateil by jiassing dry ozonized oxygen throiigli the system during the 
distillation. This preveuls the deroinposition of the ))entoxide into oxygen and 
the lower oxide of iiilrogon. They also used solid carhoii dioxide as the refngeratiug 
agent. Rome irregiiluntics in tlie physieal properties of ozone led V. Jl. Ycley 
and J. J. Manley to tlie conclusion that lOU per cent, nitric acid is a mixiuro of 
nitric acid, IINO 3 , nitrogen pentoxide, and wati»r. 

According to H, St. C. DeviUe, nitrogen pentoxide furnishes transparent, 
rolourloRB, prismatic crystals of great brilliancy ; and, according to F. Daniels and 
A. C. Bright, they are hexagonal jirisms, and grow several millimetres in length on 
standing for a long lime at 0 **. H. St. C. Deville found that when slowly dc])Obiied 
iu a current of strongly cooled gas, the crystals attain consiilerable size. R. Weber 
said that molten nitrogen pentoxide is readily undercooled, and the liquid has a 
rlarker colour than when solid. J, B. A. Dumas found that the liquid obtained 
by melting the crystals in a sealed glass tube may explode when the tube is 
immersed in a freezing mixture. R. Weber found the sp. gi, of the crystals to 
be about 1*6 ; M. Bcrthclot, 1*63. I. I. Saslavsky discussed the mol. vol. 
H. Hi. C. Dcvillo gave 29®-30® for the m.p. ; R, Weber, about 30“ ; and M. Bei- 
thelot, 29-5“. F. Russ and J. Fokorny, and F. Daniels and A. C. Bright found that 
the m.p, lies above the sublimation point, and the observations on the m.p. must 
have been made with pentoxide contaminated with atm. moisture. The colour 
of the solid darkens when the temp, is raised, and the crystals become yellow just 
before melting, and the colour at the m.p. is orange. The colour becomes dari 
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brown as the temp. riseS) and at about 46^ the liquid boils with deoompoaitioii 

into nitrogen peroxide and oxygen. H. St. C. Deville said that the Tap. press, 

at 10° is considerable ; the moosurements of the vap. press, p mm. by F. Russ 
and J. Fokomy below 10*6°, and of F. Daniels and A. C. Bright above that temp., 
are as follow ; 

- 88 " - 21 - -10 7 " 0 * 10 6 " 18 - 28 ® 80 * 82 8 ® 

28 6-3 186 51-6 132 1B3 420 020 760 

F. Russ and J. Pokorny found their results could be represented by log p 
=— 3161-2r”i+l-75 log T— 0'00606r+10-679 ; and F. Daniels and A. C. Bright, 
by log p=1244r”i+34-l log 7—85-929 mm. The caleulatod mol. heat of fusion 
is —8-28 Cals., and the mol. heat of sublinuition, —4-84 Cals. The heats of 
sublimation caleulated from the vap. prchs. are 12-36 Cals, at —10 ° ; 12*76 CrIa. 
at 0° ; IS 36 Cals at 10° ; 14-14 Cals, at 20° ; and 14*97 Cals, at 32-5°. M. Ber- 
thelot obtriined 13-10 Cals, at 10° ; ho also gave for the heat of formation, (N2,r)()) 
=—1-2 Cals, for the gas; (N2,r)0)--3-6 Cals for the liquid ; (N2,60)-=ll-8 Cals, 
ffir the solid; and (N2,60)— 28-C Cals, for the boat of soln. J, Thomsen gave 
CN2,50)-29*82 Cak; (Ng, SO, Aq ) =-47-56 Cak ; (2N0,30,Aq.)=72-97 Cak ; 
(N208,Aq.,0)=-36-64 Cak. ; (2N02,0,Aq.)- 33-83 Cals. ; (Na,50,Il5j0) - 11-C6 Cak ; 
(Na0,40,ll20)=32-4 Cals.; (2N0,30,H20)^57-81 Cals.; and (2N02,02,H20) 
r^l8‘67 Cals. J. V Thomliusou ealculated wliat he railed the thermochemical 
cq. of oxygen in nitrogen pentoxide. F. Daniels found that the dissnlulion of 
nitrogen pentoxide in orgauic liquids- eg. chloroform or ihehloroethaiie —causes 
tlie absorption maxima of the bands of the ultra-red to shift from 5-G5j[x to 
5-45-5-30/ui. The results do not support the radiation liypotliosis of rheinical 
action. It is assumed that the relative position of the electron pair between the 
atoms of a molecule determines the ultra-red ahsoTxibiuii spectra. 

The analysis of H. St. C. Deville corresponds with the formula N2O5. The 
probable assumption that the contained nitrogen is quiiiquevalent agrees with 
the formula 02^N— 0— N=:02. It can thus be reganlcd as nitrvxgl oxide^ 
(N02)20 ' Ij- Sjiiegel added that if the nitrogen atoms were tervahuit, and the 
oxygen atoms bivalent, the graphic formula would be 0— N 0 -0— 0— N 0 ; 


C. D. Nivpii, and 11, Henstock disoussed the eleetroiiic struetiire. 

H. St. C. l)i'ville said that if the temp, does not exceed 8°, the erystals can be 
kept for a month in diflune daylight without deeoinposition ; at 25'", in sunhght, 
the salt melts and decomposes explosively into nitrogen peroxide and oxygen. 
R. Weber kept the crystals for several days at 10° without any very marked 
decomposition. M. Bertlielot said that tlie pentoxide decomposes rapidly when 
exposed to the direct rays of the sun, and it is not explosive either in the solid or 
gaseous state, but sinee it decomposes into nitrogen peroxide and oxygen at 
ordinary temp., it should not be kept in sealed tub(\s, but rather in stoppered 
bottles. F. Daniels and E. H. Johnston studied the thermal decom|)OBiiinn of 
nitrogen pentoxide between 0° and G5°, and the velociiy constant, /T. was found 
to have the values ; 

0 ® 15® ar 25" 86® 45 ® 65* 65“ 

K 0-0, 472 0'n,n21 0-00117 0-00203 O-OOKOR 0-0299 0-0900 0-292 

The decompositiou at all temp, appears to be unimolecular. The large temp. 
coefT. of the reaeliou veloeity shows that catalybis by the glass walk and 
diffusion are not factors in the reaction. The system studied was really 2N205-> 
(2N2O4. -4N O2) b O2. M. Bodenstein regards the Lliermal decomposition as a purely 
animolccuki reaction, NoOr— >N203-b02. F. Daniels and co-worken found that a 
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trace of oeone ntarde the thennal decomposition of the pentozide. The lenotion 
was discuBBed by H. Bodenstcin. H. B. Hint found that the thermal decom- 
position of nitrogen pentoxide is a true tmimolocular reaction. The temp, coefi. 
of the Velocity is large^ being 300 per cent, for 10° rise of temp, bo that the reaction 
is not a wall-eflect. The decomposition at 80° is almost instantaneous. Acoording 
to W. F. BiiBse and F. Daniels, the rate of the thermal decomposition of nitrogen 
pentoxide is not affected by the presence of bromine, chlorine, carbon monoxide or 
hydrogen ; carbon disulphide gives an increase in the rate of decomposition. When 
ethyl ether is added to decomposing nitrogen pentoxide, a decrease in press, is 
produced, and then a rapid increase. 

According to II. S. Hirst, the critical increment, F, in the photochemical equation 
(4, 2D, 8) is 2d, 700 cals., and the rays of wave-length M6/x should be phobochemi- 
rally active ; but they are not. Light in the region dOOfi^ to 460/x/i accelerates the 
dpcompositioii, but this does not occur unless nitrogen peroxide is present. The 
autocatalytic effect of nitrogen peroxide is negligible in the dark. F. Daniels 
said that the photochemical decomposition of the pentoxide not brought about by 
ilie ultra-red radiation; the slight decomposition observed at 25° is a thermal 
olTrr't produced by the radiation, since at 0°, where the thermal decomposition 
]s negligible, no decomposition occurs. At least 09*5 per cent, of the absorbed 
rurliation is chemically inactive. It is inferred that absorptions in the ultra-rod 
and ultra-violet have fundamentally different mechanisms. II. A. Taylor believed 
iJjat nitrogen pentoxide is not decomposed by the absorption of 3 or 5 quanta of 
energy at 3-3!) or at which wave-lengths this oxide possesses strong absorp- 
lirm bands. S. C. Boy studied tbe photochemical reaction from the point of view 
of tlio radiation hypriiliesis. B, H. Lueck found that the velocity constants in 
rliluroform or carbon tetrachloride soln. at 25° and 55° approximate closely to 
those obtained by F. Daniels and co-workers. The energy of activation or critical 
increment is nearly independent of temp. The nitrogen peroxide formed in the 
reaitiun acta as an autucatalyst on the decomposition of the pentoxide. 
E. C. White and B. C. Tolman observed no evidence of autocatalysis in their 
study of the rate of decomposition of nitrogen pentoxide. H. S. Hirst and 
E. K. Bidcal found that the surface of the containing vessel, or the presence of 
inert gases, or the presence of the products of the reaction do not disturb the 
unimolecular character of the therm^ decomposition of nitrogen pentoxide. The 
high value of the heat of activation, viz» 24,700 cals, per mol, precludes the possi- 
bility of the energy of activation being supplied by inelastic thermal collisions, or 
by black-body radiation unless some chain mechanism is called into play. The 
doenmposition is not retarded by reducing the press., but below a critiral press, 
of about 0'25 mm., the velocity of the reaction increases, becoming, at 0*01 mm. 
press., approximately constant, and five times its normal value. This is con- 
sidered to bo irreconcilable with chain mechanism — such, for instance, as the 
passage of a radiation quantum through a chain of successive mols., each one 
re-cmittiug the quantum after reaction ; or else by the production by the decom- 
position of an activated form of nitrogen dioxide which, on collision, causes further 
reaction. It is therefore supposed that a definite fraction of the activated mols. 
always undergoes decomposition irrespective of press., but that a larger fraction 
(about four-fifths) docs not decompose if it collides within 10'*^ sec. after activation, 
but is deactivated by collision. A possible explanation of the two different types 
of activated mols. is based on the fact that there ore four NO linkings, and only 
one shared NO linking in the mol. of the pentoxide. Activation of one linking 
causes decompasition, activation of the shared linking invariably so ; activation 
of the others, only after a time interval and if collisions do not intervene. 

j A. Christiansen, J. A. Christiansen and H. A. Kramers, 0. N. Lewis 

and p. F. Smith, and E, C. Tolman and co-workers, disoussed the theory of this 
ration ; and Y, K. fiirkin showed that the quantum theo^ — 4 * 25, 8 — can be 
adapted to the decomposition of nitrogen pentoxide. C. S. Fasel and B. Karrer 
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found that mtiogen pentomde, in the presence of nitrogen peroxide, is decomposed 
by light. It is assumed that the chemical activity of the N02-mol8. is exciM by 
the absorption of blue light ; but B. G. W. Norrish suggested that since nitrogen 
peroxide is decomposed by the light of a mercuiy lamp ; 2N02:=2N0+02, the 
reaction proceeds : N0+N205=3N02. According to W. F. Busse and F. Daniels, 
the photochemical decomposition of nitrogen pentoxide in the presence of the 
photocatalyst nitrogen peroxide is not affected by the presence of oxygen, nitrogen, 
or hydrogen ; bromine cannot be substituted for nitrogen peroxide in the photo- 
chemical decomposition of nitrogen pentoxide even though ito absorption spectrum 
is similar, in fact, bromine decreases the catal3rtic efficiency of nitrogen peroxide, 
probably by screening out the cficctive light, A. E. Brewer noted that ionization 
occurs during the decomposition of the pentoxide at 

F. W. Kiister and 8. Munch could not obtain molten nitrogen pentoxide without 
it showing a pale yellow colour. T. Bone gave — 0-03xl0~^ mass uuits for the 
magnetic susceptibility of the solid pentoxide. 11. fib. C. Dcville said that the 
pentoxide deliquesces rapidly in air, and dissolves in water with the evolution of 
much heat, but no gas* forming a colourless soln. of nitric acid, HNOs. B. Weber 
found that when tlie pcntrixiile is in contact with sulphur, it gives ofi brown vapours 
and forms a white sublimate approximating B03.N202, sulphaloniiroun 
anhyUridr ; A. Pictet and (1. Karl said that the pentoxide dissolves in freshly 
distilled and fused sulphur trioxide, forming svlphatonifric anhydridt\ (SQ3)4.N205, 
or 0(fiOq.O.SOu.O.ON2)2- W. F. Busse and F. Daniels observed that nitric oxide 
reacts immediately 'aith nitrogen pentoxide. B, Weber found that nitrogen pent- 
oxide has no action on carbon, but in the vapour of the pentoxide carbon burns with 
AS brilliant a light as in oxygen ; potassium and sodium burn brilliantly in the gas ; 
magnesium, zinc, and radmium arc slightly attacked; and the metals— copper, 
silver, aluminium, thallium, titanium, tin, lead, antimony, bismuth, tellurium, iron, 
iiickol, and palladium— are passive towards the pentoxide ; but arsenic, and mercury 
are vigorously oxidized. It reacts on many organic substances with great vigour 
^thus, it explodes in contact with naphthalene. G. £. Gibson recommended it as 
a nitrating agent. 
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§ 41. Nitric Acid— History and Occomnoe 

The alchemical writings between the twelfth and fifteenth centuries have been 
Bparched by the scholars for indications of a knowhslge of the mineral acids. If salt- 
petre was not recognised as a chemical individual prior to the thirteenth century, 
nitric acid is not likely to have been made before that time. An ill-founded 
atiempt has been made to trace the discovery of nitric acid to the anrient Egyptians. 
W. Herapath ^ inferred that some linen cloth marked with dark hieroglyphical 
characters indicated that the Egyptians, at the time of Moses, were acquainted 
with nitric and liydrochloric acids. 8ine<; the ashes bf the cloth were found to 
contain silver, it was assumed that the markings were produced by silver nitratp. 
J. I), Smith said that W. llerapath’s assumption is wholly gratuitous, since there arc 
other lueuns of getting silver into soln. without the intervention of any acid whatever. 
T. J. l{ora])ath alsr) showed that a chemical analysis of the markings is of no value. 

According to IL Kopp,^ the earliest known description of a method of making 
mtnr acid appears in the twelfth-century Jiatin work inveniione veritaiis, 
atliikuied to the eightli-century Arabian Geber. It says : 

Tako a poiuid of Cypriu vitriol, a pound and a half of saltpetre, and a quarter of a 
pniiiul of alum. Subiuit the whole to distillation in order to withdraw a liquor which has 
a high hoK'ent action. The dienolving power of the acid is greatly angmonted if it l>e 
mixod witli Bome sal ammoniac, for it will then dissolve gold, silver, and sulphur. 

'Die distillation of vitriol, alum, and saltpetre would provide nitric acid ; and the 
addition of sal ammoniac would furnish aqua regia. A somewhat similar mode of 
making the acid is described in the ComposUum dp romjmitis attributed to the 
twelfth century Albertus Magnus, Similarly in the TpHtaineiiiuin novissimuin, 
attrilmlcd to the thirtpcuth-rcutiiry llaymuud Lully, the acid was prepared by 
distilling a mixture of saltpetre and clay. A description of thesr methods of making 
nitric acid was cojiied into other writings during the immciliatcly succpoding cpii- 
tiiries. Thus, it apjieared in Agricola’s Z> p re wHalhca (Basil®, 1^40) ; in N. Lemcr}'’8 
CvuTs rfr rlnmc (Baris, ISTfi) ; and in J. R. Glauber’s Furnis novis phitosophivi^ 
(Anistelodami, 1 B48), the acid is said to bo obtained by heating salt^tre with vitriol, 
or alum, or clay, or white arsenic. J. Kunckcl, in his Philosophia chemim rxprri- 
mnjirmata (Amstclodami, 1694), recommended the white arsenic process. 
As II. Boerhaave said in his Elmcnta dtemiw (Lugduui Batavorum, 17.32) ; Joannes 
Rudolphus Glauberus was " the first of mortals ** to prepare this acid by the action 
of sulphuric acid on saltpetre. J. R, Glauber ® wrote : 

^ 1 know Well that ignorant laborators which do all tlieir work acronling to oiiBtom, 
without diving any further into the nature of things, will count me a lieretir bocauBe 1 
toach that the agua/orfis made of vitriol and saltpetre is of the Rume nature and condition 
as the eptritua nUH which is made without vitriol. 

In his Afifoculum mundi (Franckfurt, 1658), J. R. Glauber acutely added : 

Flaiiily after tlie very manner wo have taught Rpirit of Bolt to bo prepared, bo may also 
ogua/artia be mode. Instead of salt, take saltpetre, and you will have agita fortie. 

His detailed description of the preparation of nitric acid, by the action of sulphuric 
5cid on nitre, is written in the absurdly quaint style of the older alchemists : 
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Fuat a man la to be made of uon, having two nosea on hia head, Fig B9, and on hia crown 
a mouth which may be opened and agam oloae ahut. Thia if it be to be used tor the eone of 
meEab la to be so insertM mto anoUior man made of iron or stonep that the mward head 
only may come foith of the outward man, but tlie rebt of hia body or belly may remam 
hidden m the belly of the oxtenor msav And to each noae of the head glaaa receivera are 
to be applied to receive the vapouia aaoendmg from the hot atomneh. When yon iiae thia 



Fio BB •^The Iron Man with Two NobetL 

man you must render him blonily with fire to mako him hun^^iy and gi pedy of food When 
ho glows mrtremely hungry he is to be fod \iith a dilute bmoii. lien that food shall bo 
given to this iron man, an admirable water wiU ascend from his fieri y stomnih mto hiB head, 
and thence by his two noses flow mto the appoinlid receivers , a water, I say which will 
be a true and eSicaciou<i oqua-vita ; for the non man roniumcth the whole swan by 
digesting it, and cliangeth it mto a most excellent and piohtablo food for the king and qiietn, 
by which they are corroborated, augmented, and giow Dot before the swun >]i Id nth ii]) 
hei Bpint she singoth her swan like song, which being ended, her bnath expiioth with a 
strong wind, and loavoth her roosted body for meat for tho king, but her amma or spirit si ip 
ronseerateth to tho goeb that thence may be made a salamander, a wholesome medicament 
for men and women 

The term commonly employed for nitric acid in the translations of Geber’s 
writings IB aqua dmdulivaj and has frequently, a^tia Jtni^ , Albertus Magnus 
called the acid aqua pnma, and aqua dtmluhva , Raymond Lully, aqua Jortis, 
aqua acuta, or o^ua c^inativa , and G. Agncola (De re metdlica, fiasiliip, 154b) , 
aqua valcns. V. Binngucci {Piroiechnica, Venezia, 1540), G Agncola, and books 
on assaying which began to appear in the sixteenth century, desenbo the use of 
Starkwasier (nitric acid) m the inquartation of gold. B BiidiS ui his De asse el 
fo/tiOm ejus (Fans, 1516), called it dvryhulca — from gold, and lAfrco, 

draw out— and also eau de depart ; while Basil Valentine, m his Offe^ibahrunq dtr 
vcrbor7en6n Handgrtffe (Eifurth, 1G24), called the acid Schefdcwasser -m allusion 
to its use for parting gold and silver, J. R. Glauber called the acid made from 
saltpetre and snlphurio acid spintus acidua and that made from salt- 

petre and alum, agua fortis. The add distilled from a mixture of saltpetre 
and sulphuric acid was often alluded to dunng the sixteenth and seventeenth 
centuries as spintus nttr% fumans Olauberi, H Boerhaave called it ac^dum mint 
and dunng the next forty years, it was often termed ocufe rntreux or nibous md 
0. Guttmann * described i1» manufactuie m Birmingham in 1771. In the nomen- 
clature recommended in 1787 by the French chemists, it received its present 
cognomen aede nUnque, or nifnc and. 

About 1760, 0. F. Quelle ^ described an mgemous process for concentrating 
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nitric acid—OT, aa he called it, Ve^^prii ie nitre oti acute nAreud^— by distilling a 
mixture of the dil. nitric acid with cone, sulphuric acid. J. Mayow,i^ in 1669, 
showed that saltpetre consists of an alkali salt and a salt of a volatile acid, which is 
expelled as spirit of nUre when saltiH^tre is treated with sulphuric acid. Spirit of 
nitre was also shown to be a compound of what he called nitro-acrial spirit with 
parriclcs of a grosser nature, ^e nitro-aerial particles were supposed to be 
derived from the air, and to be necessary for the production of the flame. The 
clear advance made by J. Mayow on the nature of spmtiis nilri seems to have been 
overlooked because during the next century the ideas of chenidsts on the nature 
of nitric add seem to have undergone a process of involution ; progress was 
backwards not forwards. 

Tu 1734, Q. E. Stahl propounded the hypothesis that like sulphurous acid, nitrio acid 
in a compound of sulphuric acid and phluKision, but the proportions of plilof^iston in the 
tMO acids aro diiforeut. Jn 1700, J. 0. rietsch wrote a thesis in support oi this view ; 
l)iit in J7BG, r. Thouvonal bhowod that while nitric acid ib produced by tlie putrefaction 
of organic matter, sulpluiiic acid is never so formed. U. A. BaJuzzo considered nitrie 
acid to ^ a compound of on ompyrcuinatio acid, an alkaline salt, hints and a httle silica ; 
and T. jtergmau regarded it as a dciihlogi&ticated plant acid produced by fonnentation. 

Tn 1776, A. L. Lavoisier demonsi rated the presence of oxygon in nitric acid, 
and this discovery loralls J. Mayuw's nitro-aorial particles ; in 1764, H. Cavendish 
syiithosized it by the action of electric sparks in humid air, and proved iliat it 
contained oxygen and nitrogen ; and in 1816, J. L. Gay Lussac, and U. L, Berthollct 
established its exact composition. 

According to F. Goppelsriider,^ free nitric acid does not occur in nature 
although A. Einmerlmg claimed to have observed it in plants where it was supposed 
to have been formed by the decomposition of calcium or alkali nitrates in plants 
by oxalic acid. On the other hand, several niliuies^ammoniuin, potassium, 
sodium, magnesium, aluininium, and iron — have been reported in numerous 
Inealities. There are, for instance, the nitre deposits near the west coast of South 
America, and the soil of Amu-Daria, Turkestan, found by N. Ljubawin to contain 
about 3 per cent, of nitrates. The presence of nitrates and nitrites in the atmo- 
s|i}j(Tc has been provioujsly discussed in connection with aim. air In 1695, 

B. liamazziiiL detected the presence of nitric acid in snow; and in 1751, 
A. 8. Marggraf observed the acid in rain-water, and in snow. This subject has 
been discussed in connection with nitrous acid, atmospheric air, and the fixation 
of nitrogen by bacteria. A. 8. Marggraf, U. Cavendish, and T. Bergman detected 
uitratis in spring waters. Nitrates have been detected in numerous forms of 
ninning walnr, particularly those carrying drainage waters from soils. W. Enop, 
('. Ekin, C. H. John, F, Goppclsrodei, J. von Liebig, C. F. Schbnbein, T. Sclilosing, 
J. B. J. D. Boussingault, A, Muntz, V. Maicano and A. Muntz, A. Levy, K. Otto 
unil J. Troeger, C. H. John, etc., have discussed the occuireiicc of nitrates in 
natural waters — drivers, and oceans. The presence of nitrates has been reported in 
various organs of plants, and the nitrates appear to be connected with ths 
aRbimilation of nitrogen by plants. The subject has been discussed by F. Goppek- 
ruder, F. Schulze, A. IlusaeuB, C. Ekin, M. Berthelot, M. Berthelut and 6. Andr£, 
V. Dessaignes, W. Knop, M. ^mo, M. Vaudin, etc. The occurrence of nitrates in 
animals — ^urine, sweat, saliva, etc, — ^has been discussed by C. F. Bchonbein, 
F. Goppelsroder, C. Wurster, T, Weyl, F. Rohmann, etc. According to H. B. Jones, 
nitrates are formed in the animal 83 ^tem by the oxidation of nitrogenous matters 
by the oxygen dissolved in the blood. 

RxBiBxirou. 

■ W. Hmpath, Phil Mag,, (4), 8. 628, 1852 ; J. D. Smith, A., (4), 4. 142, 1862 ; T. J, Hera- 
ib„ (4). 5. 339, 1863. 

' H. Krop, Gea^eht ier Ohmiet Braunsohwoig, 8. 226, 1845. 

Ji H. Glitubor, Opera cAj^ihi, Fnnokfuit, 1658 ; London 1689. 



668 


mOROAKIC Am) THSOfiSTICAL CHEIOSTIIY 


* MUhoii dA nomenclatnn chmiqUA propoaie far MM, de MorvtaUf Lavoukr^ BrrihaJkt^ 
d de Fourony, Farisp 1787 ; Itomdoiip 179B ; 0. Gattmaniip Joum. 8oc, Ckm, Ind., 80. 1, 1001, 

* 0, F. RoueUe, Coura de ehmie, in munueript^ oitiiil by F. Hoefer, HiiUrin de la dimM, 
Farui, 2. .^88, 1843. 

* J. Mayow, Db aal-nUro d apMtu nitri aireo, Oxford, 1809 ; AUmbic Club RepriiUf Edin- 
burgh, 13, 1907 ; G. E. Stahl, tTrOiidiidke and n1Uzl\iihe Schnften wm dir Natur, Eiwugung^ 
Benituvg vnd NfUdforhAii^ dea Salpeters^ iVanokfurt, 1734 ; J. G. PietBoh, il6AandIttiig von dir 
Efzeagti/ip dea ^nZprfera, Berlin, 1760 ; G. A. Salusao (Comte de SaluceB), Mhn, Acad. TvHn^ & 
61, 1785 ; 7. 148^ 1785 ; F. ThouTenal, PreDM ckmufut auf Ua prinapea de la formation de 
I'adde ntinur, Copenhague, 1784; T, Bergman, i^cui^pAta regnt mtneralia, JApua, 1782; 
A. L. LaYoiaier, Mm. Acad., 671, 1770 ; G. L. Berthollet, M£m. d*Areueil. 8. 1^, 1817 ; 

Fha., 12. 350, 1818; H. CavendiBh. PAiL Trane., 74. 119, 1784 ; 76. 372, 1785; J. L. Gay 
LuBBao, Ann. Chim. Phya., (2), 1. 394, 1816. 

^ B. Bamazzini, Ephmmdea harmetriap midinfnafa anni 1694, vaa eicm difguMione 
canam aacenaw d deaeenaua menmri in torriceUuina Jiatula juiia diveraum oerii aUUum, Mutinio, 
1605 ; A. H. Marggraf, Jf^m. Acad. Berlin, 131, 1751 ; T. Bergman, De aquia upaidienaihuB, 
Upsala, 1770; A. Emmcrliug, Ber., 6. 780, 1872; F. Goppelsiodor, Joum. pmki. Chem., (2), 

1. 198, 1870; ( 2 ), 4. 139, 3S3, 1871 ; N. Ljnbawin, Jaum. Buaa. Phya. Chem. 8oc., 16. 617, 
1884 ; H. Oavenrluih, Trana,, 57. 02, 1707 ; W. Knop^ Der Kreialauf dea Staff ea, Leipzig, 

2. 58, 1868; C. Ekin, Journ. Chm, Soc., 24. 04, 1871; R. Waringtnn, t6., 46. 637, 1894; 
T. Schlofling, Compt. Bend., 123. 019, 1896; J. B. J. i). Bomeingault, th., 95. 1121, 1882; 
M. Bcrthelot, t&., 08. 1506, 1884 ; M. Iterthelot and G. Andi^, ib., 90. 355, 403, 428, 501, 683, 
1884 : A. Boutin, ib.. 82. 1515, 1876 ; A. Uvy, ib , 113. 804, 1892, 1891 ; A. Muntz, ib., 114. 
184, 1892 ; V. Marcano and A. Muntz, ib., 118. 779, 1891 ; T. Scbloaing, iloid nitngue dana ka 
eaua de iittabie ei de Source, Foris, 1899 ; F. Schulze, Zed, anal. Cbm., 2. 289, 1863 ; M. Vandin, 
Journ. Chim. MSd., 8. 674, 1832 ; 2. 321, 1833; C. F. Schuubein, Journ. prairt. Ohem., (1), 
92. 152, 1864 ; T. WeyL ilrcb. Path. Anal., 96. 402, 1884 ; J. von Liebig, Ann. Chim. Phya., 

(2) , 85. 320, 1827 ; G. Wunter, Bet., 22. 1901, 1889 ; K. Otto and J. Troeger, Arch. Pham., 

(3) , 87. 149, 1890 ; A. HoBaeus, ib., (2), 122. 198, 1805 ; (2). 124. 13, 1865 ; (2). 127. 237, 1866 ; 
Ann. Landu)., 50. 135, 1807; C. 11. John, Jahrh. Cieol. Betehmnat. ^xen, 46. 375, 1898; V. Dea 
saignra, Jonm. Phann. Chim., (3), 26. 23, 1854; M. Sorno, Jahrh. Landw., 18. 877, 1889; 
F« Rohmann, Zeit, phy^wL Chrm,, 6. 233, 1881; H. B. Junea, Phd. Trana., 141. 390, 1851; 
Proc. Boy. See., 7. 94, 1855 ; Pbt{. (4), 1, 720, 1851. 


§ 42. Nitric Add— Preparatiem 

The production of nitric acid by the oxidation of nitrogen, either in the electric 
arc, 01 during tlie siniultaneous oxidation of oiher enhstanceB, has been previouely 
discueaed in connection with the fixation of nitrogen. Nitric acid is the end- 
product of the oxidation of nitric oxide, and of nitrogen trioxide or peroxide ; 
and this subject has been discussed in connection with the individual compounds, 
S. Cloez and E. Guignet ^ and others have studied the oxidation of ammonium 
salts, and of nitrogenous organic matter to nitrates by digestion with potassium 
permanganate, and other oxidizing agents — vide the oxidation of ammonia. The 
nitrification of organic matter in sods, etc., to nitrates by bacteria has been discussed 
in connection with the fixation of nitrogen. 

When potassium or sodium nitrate is mixed with dil. sulphuric acid in the cold, 
no obtrusive sign of chemical action occurs, although it can bo proved that a 
reversible change has taken place so that the sodium is distributed between the 
Bulpburie and nitric acids. The same mixture is obtained whether the originul 
constituents are sulphuric acid and sodium nitrate or sodium hydrosulphate and 
nitric acid. The one reaction is endo- and the other exo-thermal. If a mixture 
of cone, sulphuric acid and sodium nitrate be heated to about 1^0^ nitric acid, 
HNOs, is volatilized. The reaction is represented; NaN0s+H2804?^NaHS04 
4-HNO3. The two salts, sodium nitrate and sodium hyibosulphate, are not 
volatile ; the nitric acid, HNOg, boils at 86*^ ; and the sulphuric acid at 330 "'. 
Hence, on warming to 100° in a retort, most of the nitric acid is volatilized and the 
state of equilibrium of the soln. is diriurbed ; in consequence, the sodium nitrate 
is all decomposed. If the oily liquid in the retort be cooled, a little unchanged 
nitrate may be deposited along with the crystals approximating NaH8(S04)8. At 
121 °| the crystals are almost wholly sodium hydmulphate. At a still higher 
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temp., fionnal sodiom sulphate is formed and hence less sulphurio acid is needed 
for a given yield of nitric acid: 2 NaN 03 +H 2804 ^Naa 804 + 2 HN 03 . Appre- 
ciable quantities of the nitric acid are decomposed at the higher temp. Brownish- 
red fnmes appear when the mixture is first heated, and the distillate is more or 
1l»8s coloured brown because of the suln. of the ruddy gas in the distillate. The 
brownish-red gas is a product of the decomposition of the nitric acid by heat ; as 
represented by L. Carius,* 4HNO3— 2H2O-I-4NO2+O2. According to C, W. Cuno, 
if the reduction in the yield of nitric acid is dut* in part to this reaction brought 
about by the dehydrating action of sulphuric ucid, the introduction of an excess 
of air or oxygen should lessen the loss. In fact, the brown fumes in the distil- 
lation can hn nearly prevented in this way ; the amount of oxygen required for 
the purpose increasing with the temp, of cUst illation. 

If the proportions of sulphuric acid and sodium nitrate approximate 
2NaN03-|-H2804— Na2804-|-2I1N03, the temp, required to complete the action 
us high — nearly 900 *’, and this results in heavy wear and tear on the apparatus ; 
high fuel roTisuiiiption ; much loss by the thermal decomposition of the nitric acid; 
and the residual sulphate is difficult to remove from the retort. By sacrificing 
,1 jiortion of the sulphuric acid, and working more nearly to the equation: 
NaN03-j-H2S04--NaHS04-l-HN03, the temp, need not exmed 200'*, and the 
ii'sidue in the retort can be allowed to run from the retort. Aather loss acid than 
that conosponding with this equation is eniploved in practice so that the residue 
IS a mixture of sodium hydrosulphatc and sulphate. It is known as 7 u(re~cake» 
The composition and properties of nitre-rakc have been disscusseri by H. W. Foote, 
H. M. Dawson, B. Saxton, ami Q. S. Butler and II. B. Dimniclil!. Trials with 
(lifTiTcnt proportions of acid and nitrate have been reported by G. C. Wittstcin, 
N. A. E. Millon, E. Mitscherlich, R. riiillips, C. F. Bueholz, H. Hess, and P. L. Geiger. 
The eaily workers preferred potivismin nitrate lor iiiakmg the acid on a small eealc* 
because that salt could be more easily punfied than the sodium salt — C''hih saltpetre. 

The salts employed for making mine acid should be as free as possible from 
halogen salts. OiAumty l^hili saltpetre contains some iodine, and the resulting 
acid, as shown by M. liembprt,^ and E. A. White, may contain this impurity. 
According to W. Stem, the iodine may be present m its elemental form 01 as iodine 
chloride. If the salts contain chlorides, the product may be conbaniinatcil with 
hydrochloric acid, or chlorine or nitrosyl chloride. For special pur^ses, the diL 
acid may be treated with .silver nitrate, and the clear liquor, free from silver chloride, 
redistilled fur nitric acid. If any silver chloride is present in the ret ort, it will be 
partly decomposed by the hot acid. This subject was discussed by H. W. F. Wacken- 
roder, F. Mohr, 6. 0 . Wittstein, and E. Ohlert. J. Beschcrer recommended dis- 
tilling the acid over metallic silver, but the remedy is nub effective. Lead oxide is 
inefiicaciouB because some lead chloride dissolves in the nitric arid and is decom- 
posed by heat. Commonly, the chlorides are volatilized early and collect in the 
first fraction, so that by rejecting the first third of the distillate, L. C. A. Barreswil, 
and N. A. E. Millon obtained an acid free from this mipurity. P. I’oseal, and 
J. Baumann studied the fractional distillation of nitric acid. U. Ilirsch described 
a continnouB process of rectifying mtrio acid from the more volatile constituents. 
E. and R. Uibain described a rectifier in which water was extracted from tho vapour 
by atmulysis through porcidain, and they thus made 99*6 per cent, nitric acid. 
H. J. M. Creighton showed that when nitric acid is electrolyzed in a cell with a 
porous diaphragm separating anode and cathode, the acid is conecul rated by the 
electrolytic decomposition of water, and the concentration of the acid in the anolyte 
1 b increased at the expense of the catholyte, by the migration of the N03'-ious. 
He thus raised the oono. of 70-71 per cent, acid to 99*66 per cent. HNO3. A. Erck 
added methyl or ethyl alcohol, before rectification, whereby he claims d tha,t the 
halogen impurities and organic Bubsianccs are volatilized more readily, and collected 
in the first fraction. The traces of sulphuric acid or sodium sulphate mechanically 
carried over from the vapours can be removed by redistillation which may or may 
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not be prcoedud by tieatment with barium nitrate to precipitate the Bulphates. 

V. H. Veley and J. J. Hanley obtained an acid ol a high degree of purity by die- 
tilling, under reduced pr 6 aa.» ordinary cone, acid mixed with small proportions of 
silver and barium nitrates to remove chlorides and sulphates rospectively. The 
ydlow or yellowish-rod colour of the acid due to the presence of nitrogen peroxide 
was removed by N. A. E. Millon by heating the acid to near the b.p. — say 80° or 
90°— and^assing in a current of carbon dioxide until the acid is cold. H. E. Roscoc 
used air instead of carbon dioxide \ and Y. H. Veley and J. J. Manley, a stream 
of ozonized oxygen to remove the lower nitrogen oxides, and distilled the product 
under reduced press. N. A. E. Millon recommended distilling the acid with about 
a hundredth part of its weight of potassium dichromate ; and J. Telouze, lead or 
barium dioxides. This subject was further discussed by L. C. A. Barreswil, 
H. W. F. Wackenrodi^r, F. Mohr, C. G. Yfittstein, E. Ohlert, and 0 . Guttmann. 

W. G. Whitman and L. Evans found that the removal of the lower oxides of nitrogen 
from nitric acid by a current of air follows the equation ~dC/df=j3(7, where U 
denotes the cone, of the nitro^^on oxides, and jS is a constant depending on the temp, 
and rate of flow of air. H. N. Warren found traces of selenious acid in a sample 
of rommiTcial nitric acid. This impurity was probably derived from the sulphuric 
acid. F. A. F. Crawford examined the organic impurities in nitric acid ; 

G. Lockemann, arsenic. 

The purification and concentration of the acid con be effected by fractional distil 
lation in a current of inert gas, or ozonized oxygen whereby 98 per cent. HNO 3 can 
be obtained ; and, by tlic low temp. lediatillation of the cunc. acid with its own vol. 
of cone, sulphuric acid, H. E. Koscoe obtained an acid of 99'&-'D9'B per cent. UNO.f. 
The concentration of the acid by the fractional distillation of the acid with or without 
the addition of sulphuric acid was discussed by J.Felouze, J. Dalton, J . Tiinnerniann, 

H. J. M. Creighton and co>workers, M. Kalteubach, F. ForsUT and co-workers, 
E. Galle, C. D. Carpenter and J. Babor, E. Mitscherlich, G. Lunge and 11. Key, 
B. Weber, J. L. Gay Lussac, J. L. Proust, A. Smith, N. A. E. Millon, D, P. Eouo- 
waloff, and J. Giersbach and A. Kessler. The acid can be concentrat ed by freezing. 
According to F. W. Kiister and S. Miinch, when nitric acid cuutainiiig 98-5 per cent, of 
HNO 3 is partially frozen, and the liquid removed, almost pure nitric acid is obtained. 
By continued fractionation, products were obtained of constant f.p., that is, the temp, 
at which successive fractions began to crystaUize were constant. As solidification, 
however, proceeded, the temp, fell appreciably, and this indicated that an impurity 
was present which could not be removed by fractional crystallization. The acid 
obtained in this manner contained 99'4±0'1 per cent, of IlNOg. Absolute nitric acid 
exists only in the form of snow-white crystals at a temp, below —41''. Nitric acid 
ciystals melt to a yellow liquid, which is a soln. of nitrogen pentoxide and water in 
nitric acid. Whilst solid nitrogen pentoxide is colourless, the liquid has not yet been 
obtained colourless. This liquid, in presence of dry air, becomes colourles.s, the 
pentoxide being removed and the water remaining. The liquid obtained after 
removal of the pentoxide contained 98-67 per cent, of HNOg. When dry air was 
passed into an acid containing 99-4 per cent, of HNO 3 , the yellow colour of the acid 
disappeared exactly at the point when the peroentago of HNO 3 was 98-67. J. Giera- 
bach and A. Kessler obtained 100 per cent, nitric acid by mixing nitrogen pentoxide 
with the calculated quantity of water, but this acid is partiy dissociated 
BHNOa^NgOfi+HaO. 


Instead of decompoei^ the nitrate with sulphuric acid, the early workers employed 
vitriol, alum, olay, or white anenio as indicated in the preceding Beotion. T. Kunon de 
Luna * employed magnesium sulphate ; R. Wagner, aluminium hydroxide, and precipitated 
silica; and F. Kuhlmaim, manganese chloride, sulphate, or dioxide. W. Qoiroway 
treated a mixture of on alkaline earth and the alkali nitrate with steam ; G. Lunge and 
M . Lyte likewise treated a mixture of the alkali nitrate and ferric oxido. The process was 
desoribod in detail by J. L. F. VogeL J. D, Darling and C. L. Forrest electrolysed the 
molten nitrate for the slhali metal, and passed the resulting gases into water. 
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F. FOrstor and co-workers b found that the concentration of nitric acid above 68 
to 69 per cent. HNO3, by treatment of dil. nitric acid wi^h nitrogen peTOzide^ water, 
and oxygen, may be etEected if the time of treatment is extended, the oxygen used 
only in slight excess, and the gas velocity reduced. Even so, only 80 per oent. 
nitric acid is produced. A very high cone, results by interaction of the weak nitric 
acid soln. with sufficient excess of liquid nitrogen peroxide, followed by slight 
agitation with oxygon. When the equilibrium 2N02^N204 is reached in the treat- 
ment of nitrous gases with water, nitric peroxide dissolves, and thereby initiates 
the interaction N204+H20^HN08+HN02, the nitrous acid being then decom- 
posed into nitric acid and nitric oxide, and oxidized. 

Nitric acid is manufactured at the present day by one of three piocessps : (i) By 
the direct; oxidation of nitrogen in the electric arc as indicated in connection with the 
fixation of nitrogen ; (ii) By oxidation of ammonia as indicated in connection with 
that compound ; and (iii) By the decomposition uf sodium nitrate with sulphuric 
acid. Some chemical changes involved in the third reaction have just been dis- 
cussed. The plant employed consists of (i) the distilling apparatus; (ii) the 
condensing system ; (iii) the receiving vessEd ; (iv) the bleaching system ; and 
(v) the absorption apimratus. 

The retorts formerly employed were made of glass or iron ; they are now 
made of cast iron. The older retorts were cylindrical and were supported horizontally 
in the fine of th(^ fire ; the more modern retorts arc of the pot -type, and are supported 
vertically in the flue. There arc several modifications of the pot retort — by 
0. Guttmann,® F. Valenliner, J. Prentice, etc. That of J. Prentice has a loose 
1 lot t om which can be cemented in as required. F. Bottumley recommended retorts 
ef fuhcd silica. The condensing apparatus formerly employed consisted of a battery 
of W'onfllp’s bottles cooled by air ; but both air and water are now usually employed. 
There are several ditferent systems of condensation — c.f/. iliose of 0 . Guttmaun, 
E. Hart, A. Hough, J. Y. Bkoglund, etc. The receiving apparatus for the con- 
densed acid can he made of well-vitrified stoneware, gloss, fused silica, and acid- 
resisting alloys. Formerly acid was decolorized by blowing a current of air through 
the warm product. In J. V. Skoglund’a blpacliing system, ih(‘ liot condensed acid 
is allowed to reflux so as to meet the hot gases from the retort wliich raise its temp, 
anil drive out the nitrogen peroxide, or all but about one per cent, of nitric acid. 
From 6 to 10 per cent, of the nitrogen content of the original nitrate passes the 
CDiideiisci and receiver. This is recovered passing the gases through a series of 
absorption towers packed with acid-proof material, and down which trickle.s dil. 
nitric acid. The gas with the most nitrous fumes comes in contact with the most 
cone, acid, wliilc the gas almost freed from nitrous fumes comes in contact with the 
most dil. acid. C. L. Burdick and E. S. Freed found that the reactions in the 
ahsorptioii towers involve the reversible react ion : 3N02+Jf20^2HN08+N0 ; 
ami the reaction ; 2N0-|-02= 2NO2 which goes to an end, but is comparatively 
slow. The slowness of the reaction and the uccessaiily limited capacity of the 
towers prevent complete recovery— a 96 per cent, couvcrsiuii being considered 
good practice. 

There are many modifications— in F. Yalcntiner’s process in which the 
decomjmsition of the nitrate is carried out under reduced press., and accordingly 
at a reduced temp., so us to avoid thermal decomposiUon of the nitric acid. This 
process was modified by H. Fischer, and A. Hough. According to W. Mason, the 
bwt results are obtained with the press, rediieed from 2 D to 15 ram. of mercury. 
The formation of nitrous acid, which is especially to be avoided in this process, is 
uiiRonnoct4»d with the use uf an iron pot but is caused by over-heating ; with careful 
firijig, even with sulphuric acid of sp. gr. 1 * 75 , the nitrous acid content may bo as low 
BH 0‘2 per cent. An undesirable accclcratiuu of the distillation accompanied by 
frothing ofticn occurs, when about 30 per cent, of the nitric acid distiUation has 
•occurred, is due to the loss of water from the acid sulphate. A yield of 97-99 per 
cent, nitric acid is obtained by this method. There arc also continuous systems 
▼OL, vm. 2 0 
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q[ manufacturing nitric acid by M. Prentice, C. Uebel, etc. Manufacturing detaHa 
of these and other iechiucal proooasca ase dcbcribed in A. Cottrell's The Manufacture 
of Nitric Acid and Nitrates (LondoUj 1923), There are also numerous articles in the 
technical journals.^ 
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I 48. Hie ConwQiUion ol Nitric Add end ill HMratai 

Acoording to V. H. Veley and J. J. Hanley, ^ and F. W. Ellster and B. Miinchi 
absolute nitric acid exists only in snow-white crystals stable below — 41 *’ ; on 
melting iL partly decomposes into water and nitrogen pentoxide which dissolves in 
the nirited acid to form a yellow soln. When a current of dry air is passed through 
the liquid, the liberated nitrogen pentoxide escapes, and a colourless acid containing 
98-67 per cent, of HNO3 results. This acid can be volatilized unchanged. E. Aston 
and W. Ramsay said t^t the 99-8 per cent, acid has a pale yellow colour, and fumes 
strongly when exposed to air. The commercial nitric acids contain different pro- 
portions of water, and vary in colour from a pale straw-yellow to an orange-brown 
owing to the presence of the lower nitrogen oxides in soln. 

Tlie rod fuming liquid known as fuming nitric add is a soln. containing a variable 
quantity of nitrogen peroxide in cone, nitric acid. It is produced by introducing 
nitrous acid, nitric oxide, or nitrogen trioxide or peroxide, into cone, nitric acid. 
E. Mitscherlich said that monohydrated nitric acid can dissolve half its weight of 
nitrogen peroxide. The fuming acid is made by distilling a mixture of sodium or 
potassium nitrate with half its weight of sulphuric acid, with fuming sulphuric acid, 
or with potassium hydrosulphate. In any cose the reaction: KUS04-|-EN()s 
— K28O4H- IINO3, occurs at so high a temp, that the nitric acid is decomposed, form- 
ing nitrogen peroxide, which dissolves in the distillate ; with the cone, sulphuric 
acid, some nitrogen pentoxide is formed, and this also dissolves in the distillate. 
0. Brunner, and E. Rclialler recommended making the fuming acid by adding either 
sulphur or starch to the mixture of alkali nitrate and sulphuric acid in the retort. 
1^. Vanino made the fuming acid by adding paraformaldehyde to cone, nitric acid. 
Many other organic substances can t e used. 

The fuming acid was very early m ognized to be a soln. of nitrogen irioxide and 
peroxide in nitric acid. L. Marchlewsky said some nitric oxide is present, but 
showed that N2O4 and NO^ are the dominant solutes. D. Ueruez, and 
L. Marchlewsky argued that a labile compound of nitric acid and nitrogen peroxide 
is pTCSPiit because (i) a very marked contraction occurs when these two constituents 
are mixed together— Table XXXI shows the results of G. Lunge and 
L. Marchlewsky’s observations on the effect of nitrogen peroxide on the density of 

Table XXXI. — ^Effect of Nitrooen Peroxide on the Specifid Gravity of 

Nitric Acid. 


(8p. gr. of Boid 1-40n0 at 1574<’.) 


N|0| per cent. 


lUse in sppclflc gravity. 


0-00 

Q26 

0-6 

0 75 

0 


0-0050 

0*00075 

0-00160 

1 

000.300 

0-00475 

0-00076 

000776 

2 

0-0] 050 

0-01250 

0-01425 

0-01025 

3 

0-01800 

001985 

002105 

0-02350 

4 

0-02525 


0-02875 

0-03050 

5 

0-03225 


0-03600 

0-03776 

0 

0-03050 

004175 

0-04300 

0-04476 

7 

0-04 «S0 

0-04720 

0-06000 

0-01065 

R 

0-06326 

0-06600 

0-06660 

0-05825 

» 

0-06000 

o-oaino 

0-06325 

0-06600 

10 

0-OC600 

0-06B15 


007130 

n 

0-07300 

0-07460 


0-07760 

12 

0-07850 

0-08060 

0-08210 

0-08360 


nitric acid ; and (ii) a soln. of nitrogen peroxide in chloroform, benzene, or carbon 
disulphide shows the nitrogen peroxide spectrum, while the soln. in cone, nitric acid 
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does not. C. Montemartini argued against cLcmiral combination because nitrogen 
peroxide can be extracted from the fuming acid by carbon disulphide. The maximum 
density of inixtures of nitrogen peroxide and nitric acid was found by G. Lung<» uiid 

L. Marchlrwsky to be a maxiinum with 42'& per cent, of the peroxide. This 
corresponds with nitroxyl nitric add, 2IINO3.N2O4, or HNOs-NO^. W. K. Bous- 
field obtained singular points in the sp. vol. curve corresponding with 4HNO3.N2O4, 
and 3IINO3.2N2O4. In their study of the rcciproral solubility of nitric arid and 
nitrogen proxide, F. Pascal and M. Garner found this complex acid to bo stable 
below —48*5° and above this temp, to disBociato giving off the peroxide. They 
also found that sulphuric acid is not appreciably soluble in nitrogen peroxide, but 
when added to anhydrous nilric ncid or the acid containing a little water, it dors not 
appreciably alter the solubility of the peroxide in the acid providing the mixture 
does not contain more than 30 per cent, of sulphuric acid, the water content being 
the principal factor of solubility. 

Red fuming nitric acid is highly corrosive. Aenimling to S. Feldhaus, if water be 
slowly added to the acid, the colour changes from dark red to brown and yellowish- 
green, and, with ice-cold water, a dil. solu. is blue. When warmed, the soln. gives 
off nitric oxide. No gas is evolved if the acid be adih'd to water slowly enough to 
prevent a rise of temp. L. Marchlowsky and co-wurkers said that the blur suln. 
contains only nitrous acid, the green soln. nitrous acid and nitrogen peroxide. \A'hen 
the red, fuiuing acid gives off nitrogen peroxide ami a colourless hydrate remains, 
its Bp. gr. IS ] -5, and L. Carius found that it oxidizes organic rompouuds to rarbciu 
dioxide any siil]iliiir present being converted to suljdiiiTic acid, and any phosphorus 
into phos])hDric acid ; he therefore rreommended it for use as an oxidizing agent 
in organic analysis. Fuming nitric acid is a more powerful oxidizing agent than 
nitric acid alone ; it iullames phosphine, hydrogen selenide, hydiogen iodide, 
straw, saw-dust, and other organic substances. These reactions were discussed 
by L. Archbutt, B. Haas, A. W. Hofmaun, K. Kraut. G. Lecliaitier, and K. Lund. 
I^me of its general propcrtii's are those of nitric acid, others of nitrogen peroxide. 

Many investigations on the phyMcal prupuilies of soln. of nitric acid showed the 
existence of discontinuities which have been inter})Tetei1 to mean that di'finite 
hydrates are formed. This was noted by E. A. Smith - in 1H48. E. A. Bourgoin, 
B. Mitschcrlich, A. Bincau, M. Berthelot, II. Eidmann, W. N. Hartley, T. Graham. 
J. Kolb, and J. Wisliccnus also suggeskd that nitric acid forms definite hydrates. 
V. II. Voley and J. J. Manley, and S. U. Pickering observed disconlinuilies in the 
f.p. curve corresponding with the existence of a niomdiydrate and a trihydrate , 

M. Berthehd, J. Thomsen, and S. U. Pickering observed eoirespoiuling sharp breaks 
inthchrat of soln. ; C. (’heiiiM'au, in the ^i^^;osiiy (urves; \V. N. Hartley, in the 
absorption S}X'Ctia , II. Crompton, and V, il. Voley and J. J. Manley, in the electrical 
conductivity or rosistanre curves ; and V. H. Voley and J. J. Manley in the curve 
of refractive indices. The curves showed singularities corresponding with hydrates 
with 14, 7, 4, 3, 1|, and 1 lIoO. IT. Erdinanu claimed to have isolated by freezing 
at low tcmii. hydrates with 2, IJ, 1, and J HjjO. If dry air be jiasspil through 
nitric acid at —IB”, water evaporates and wthomiric acid, 11N03.2I120, or N(0II)5, 
remains. This hydrate is stable at —15^ and furnishes long needles which mvli at 
—35'*, and the liquid boils at dOMO’S'*, and 13 mni. press. By treating nitric acid 
(bp. gr. 1-4) with acetic anhydride. (CH3C'0)20, the fraction which boilh at 127-7® 
(730 mm.) has a bp. gr. M97 (16®). Its enipiriral formula is C4}IgN()7 and its 
general properties, mol. wt., and mode of preparation show that it is a mixed 
anhydride'- diaoetylorthonitric add— with the coastitutlrinal formula : 


CllaCO.O 

CHaCO.O 


>N 


/ 


OH 

OH 

OH 


HO 


Ca 


O.N(Oir), 

O.N(OH), 


DlDPct.lortliniiitiif Mid, UrUionlliK Mid, I'lilrluin nitrate, 

While oithonitric acid itself u unstable, this oomponnd is comparativdy stable. 
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and it ran be distilled without decomposition. CrystaUizrd calcium nitrate^ 
(^s(N 09)£.4H20, can bp considered to be the caleiuni salt of orthonitric acid. 
The constitution of nitric acid whs dismssed by A. llantzsrh. H. Erdmann said 
that he had obtained prismatic crystals of fyrommnitric ocu/, 2I1N03,3H20, or 
IfjjNjjOfl, or (H0)4N.0.N (011)4, which freezes at 
—39 ; rhombic plates of msonUric acid, IlNOp-HaO, 
or IIiN04, or 0 ; N(OiI)3, which fi eezos at — ; and 
sii'lLir aj];f;rpRatPfl of pyroniptanifnr acid, 2IINO3JI2O, 
orH4N207, or (0II)2N0.N.0.N0(01I)2, whith freezes 
at -r>rr2'\ and boils at 2bD° and 21 inm. press. 

The cnrrofipimding nitlaminc urid would b(‘ repre- 
seutcrl by llNOj, or (lIOjNOa, ordinary iiitric acid. 

TLeie is but little fiatisfactory p\idenee of tlio poly- 
biisieity of these acids, ultliougli Cf. Oddu showed 
I lie liigbei oxygenated cojnprmiids uf nitrogen may 
liavi‘ a tf’iuleucy to form coiriplrxes by polymeriza- 
iioii, because the acid salt KNO3.HNO3 may be 
iei;arrl(>d us a moiiupotashnini salt of dni\i)ic acid and KNOj, 211 NOj, os the 
jiionopotiissuiiu salt iif tnnitiir aetd : 



Fill. 90 - Fusion Curves of the 
Biriiiiy System JIM(),-U|0. 
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A iimnber of basic lead salts Imve been considered as salts of some of these acids. 
Thus, J. Loewc icferred the salt 01^)0 N^Og lUO to ortlionitnc acid, and 3 rbO 
to melaiiiliic acid , uiid J. J. Berzebus, and M. £. Chcvreul also lefcricd the salt 
2i’bO Ili>X) to liielaiiitric and : 


eh .[J' N Jj pb 

apiioii 

GI‘1)0,A,1)b UjO 


0 Pb.O, 

0 N^O.Ph.O S 0 
O.Pb.O ' 

SriiO.NgDi;. 


,0.?h.O 

0 -^\ O.Pb.O N -0 
UllHO' 

2 niL).N2(li. lIsO. 


11 . L. Wells, and H. Klinger's basic nitrates of lead, cadmium, zinc, and mercury 
wcic shown by 6. Watson to fall m line with tins hypol liesis ; but F MuLssner could 
not support it, and F. W, Kuslcr and 15 . Kremaim showed that the f.p. cime of 
binary mixtures of nitric acid and \iater mvnlidales H . Krdniann s conclusions — 
yirfi iiijfa. 

In ITSli, 11 . Cavcndisii meaaiued the f.p, of mixtuicH of nitric acid and water, 
and he showed that whin the liquid is frozen, it exhibits two kinds of congelation. 
Wli.it he palled spintouft coafjflation occurs when the more cone, acid is frozen, 
and with a mure (bl. acid atjuevus cofujilatwri. Translated into modem language, 
m tbe one case nitric acid first freezes out uf soln., and in the other case ice. Uc 
also obtained what he culled a pond of easiebt ftevnuuf at — 1 * 5 ^. This point nearly 
a cent ury later was called the eul eetic temp. J . Dalton obtained a buttery mass by 
cooling the and to — 54 '', and M. Bcrtlielot froze the cone, acid to a solid at 
““ 47 °. F. W. Kuster and R. Kremaim examined the f.p. of binary mixtures: 
HNOj-ITjO, in some detail. The results are siiinmarized in Fig. « 7 . The ice-curvc 
falls down from zero to the first eutectic with 32-7 per cent, of IlNOs at — 43 * 0 ° 
when the two solid phases are ice and tribydiated nitric add, NIIU3.3H2O. The 
curve rises from this eutectic to a maximum at - 18 * 5 ' and 53 * SO per cent, of HNO9, 
corresponding witli the m.p. of the tnhydrate There is then a fall to a second 
eutectic at “- 42 - 0 " with ]»er rent, ol JINO3 The two solid phosps are the 
tnhydiate, and monohydrated nitric add, HNOj.Il^O. The curve then rises 
to a second maximum at — SS-O** and 77-75 per rent. IINO3 corresponding with the 
ni p. of the monohydratc. The curve then falls to a third eutectic at — ' 66 * 3 ° and 
69-95 per cent. HNOg. The two solid phases are the monohydzate and nitric acid. 
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The cum then risee to the m.p. of 100 per cent. HNOg. These two hydrate! 
were first isolated by B. IT. Fiokering, who gave —16° for the m.p. of the trihydrate, 
and — 36'8 for that of the monohydrate. V. H. Velcy and J. J. Hanley gave 
respectively —18*2° and —46°. Irregularities with 96-100 per cent. HNOg, are 
connected with anhydride formation. H. Crompton found that the second 
dillercntial of the electrical conductivity curves agreed with the assumption that 
the two hydrates, HNOg.iHgO, and HNOg.lSHgO, are formed in accord with the 
bresiks in the first differential of D. I. Mendcl4efi*B sp. gr. curves— oi'de sulphuric 
acid. Observations were also made by C. D. Carpenter and A. Lehrman. 

Analyses of nitric i^id by A. L. Lavoisier, H. Cavendish, J. J. Berzelius, H. Davy, 
and H. St. C. Deville agree with the empirical formula HNOg. The calculated value 
for the vapour density is 31*5. L. Flay&ir and J. A. Wanklyn obtained 2*375 for 
the vap. density at 40*5°, and 2*258 at 66-5°, but A. Calm showed that the vapour 
density of the acid cannot be determined biTause of dissociation. Nitric acid is 
nearly always regarded as bemg constituted with qiiinqunvalent nitrogen, but 
I. I. Eanonnikofi inferred that the indices of refraction of a number of nitrates 
agreed better with tervalent nitrogen. These two hypotheses are symbolized : 


J. W. Brlihrs observations on the refractive indices agrees! with the formula 
HO.O.N -0 ; but R. liowenherz’s values for ethyl, propyl, isobutyl, and amyl 
nitrates agree better with the quinqucvalent nitrogen atom. II. E. Armstrong and 
F. F. Worley made some observations on the constitution of nitric acid— vu/e 
sulphuric acid. H. Burgarth, H. Kemy, and H. Henstock discussed the electronic 
structure ; and from observations on the absorption spectra of sodium and potassium 
nitrates in different solvents, G. Bcheibe inferred that the nitrate ion is dipolar, 
and that the electronic structure is such that the first of the following forms exists 
in equilibrium with small proportion of the soconil : 


N:0: 

: 6 : 


n; (>■ 
: 0 : 


G. Oddo and G. Anelli found that in what arc usually regard as associating 
solvents — nitrobenzene, and in ethylene bromide — ^thc cryoscopir data give values 
for the mol. wt. which are only slightly larger than is required for HNOg. An 
analogous result was obtaiued by F. M. Raoult with acetic acirl, and by E. Mameli 
with chloioacetic acid, N. Tscheruay concluded from his observations on the 
coefi. of thermal expansion of soln. of the nitrates that nitric acid exists in soln 
with doubled molecules (IIN 03 ) 2 , or HgNgOg ; and £. Aston and W. Ramsay found 
the mol. wt. is nearly 126, the theoretical value for HgN^Og, 63, corresponding 
with a mixture of HgNgOg-mols. with a smaU proportion of HNOg-mols. 
W. N. Hartley also inferred from his observations on the absorption spectra that the 
molecules in aq. soln. are complex (HNOg)., and in some cases form the equivalent 
of mesonitric acid, H 3 NO 4 . He believed that the hypothesis is supported by the 
observations of W. H. Ferkin, 8 . U. Pickering, and V. H. Veley and J. J. Manley ; 
and said that the anhydrous acid is probably bi-molecular, HgNgOg ; and with 
acids between 78 and 100 per cent. UNQg there is a mixture of mesonitric acid, 
H 3 NO 4 , and the bi-molecular acid, HgNgOg. The former is supposed to be active, 
the latter inert. 

According to A. Hantzsch, while in aq. soln., nitric acid behaves as if it were 
constituted HO.NOg, in alcoholic soln., the hydrogen can be split off by electrolytic 
dissociation. The optical properties 1^0 in^cate that under these conditions the 
constitution may alter to NOg.H. He calls the latter a fseudo-acid, mining an 
add which is homopolai with respect to bydiogeUi but whose hydrogen atoms do 
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not exercise an acid function, which, in the case of Dzy-aads, are linked with oxygen 
in the form of hydroxyl. When water is added, the pseudo-acid becomes a true acid 
by a c^nge in its constitution and optical properties. D. D. Earve found that the 
heats of soln. of nitric acid in alcohol and ether support the hypothesis. A. Hantzsch 
and L. Wolf assume that soln. of nitric acid contain equilibrium mixtures of the 
ps(>udo-acid, HO.NO2, and of the true add, H.NOs, which is assumed to be present 
as hydroxonium nitrate, (ILUHollNO^). The absorption spectrum and the elec- 
trical conductivity of nitric acid li‘d to the inference that yet a third kind of 
molecule is present. Soln. of nitric add in absolute sulphuric acid contain a 
largely ionizt'd electrolyte which is more transparent than an equally cone, ethereal 
01 aq. soln. of nitrate add. Since soln. of acetic add in absolute sulphuric add, 
prodiuing an acetylium cation, behave similarly, it is inferred that a nitroniom 
cation is formed by dissolving nitric acid in absolute sulphuric acid, and the soln. 
lontuins nitromum pyiosulphate, {N0(01I)2}(HS04), and {N(011)2}(HS04)2— 
Vide infra. This liypothosis is confirmed by the isolation from soln, of }MTehloric 
and in anhydrous nitric and of nitionilim perchlorate^ {N(0H)3}(C104), or of 
nitronium oxyperchlorate, {N0(01I)2}n04, by crystallization from perchloric 
arid and nitric add resj)ertively. R. Weber also isolated nitromum pyro- 
Bulpliate, {N0(0H)2lIlS207, or {N(0H)3}S207, in 1871 — vide infra. The so- 
called nitrating acid— a mixture of conc. sulphuric and nitric acid— is assumed 
to contain nitronium hydrosnlphate, {N(0H)3}|HS04]2. and not nitrogim pentoxide 
as suggested by A. Saj)osehuikoS. Jt is inferred that homogeneous nitric acid 
rontams nitrouiuiu nitrate^, {N(OJl)3}(N(^)2 ; and anhydrous nitric add is con- 
sidered to be a soln. «)l coiiilueting nitronium nitrate in non-conducting pscudo- 
iiitiic acid— IIH-G per cent, ariil at if lias 80 per cent, of p.seudo-acid and 20 per 
eenl. nitronium nitrati^ The absorption spectra of aq. soln. show that nitronium 
nitrate is completidy hydrolyzed by the addition of one inol. pro])ortir)D of water, 
6 inc(* from this point the absorption eurves can be additively ruustructed from 
those of tlie pseudo-ucid in ether and the truc-acid in water. The conversion ol 
the peudo-acirl into the true-acid (or its hydroxonium salt) is practirally com- 
plete a[t(T the addition of 8 mols of water, whereas the dissociation at this ^int 
does nut amount to 40 pcT cent. The last traces of the pseudo-acid have disap- 
{ioait‘d after addition of mols of water, and the soln. then contains only 
hydroxonium salt which Ls not icuupictely ionized, in the sense of the ionization 
theory, in O-OlAT-soln. In the most dil. soln., the sole absorbent material is the 
nilrale ion; orthoniirie arid and nitrogen peutahydrate dnnot exist (the so-called 
diaretvlorthonitric acid, N(OH).](()Ac)n, is a moleciildr compound of the psoudo- 
afid, L(t^H3.C02U)2H0.N0.,l). 

The roartions between the three Btroogeet ox} acids, perchlorio, sulphurie, ami nilric, 
give particularly strong evidence in favour nf the rhemical theory of acid** accordmg to 
whiDh the strength (acidity) can bo measured only cliemically by thoir toodency to%\arda 
Balt formation, and not phyBically by thoir ability to furnish hydrogen-ions. According 
to the ionization theory, perchlorio acid is the Btrougost acid, followed by nitric and then 
by sulphuric aoids. Actually, homogeneous porchlono is incomparably strouger than 
nitric acid ; and sulphuric aci^ which is fcobly ionirod in aq. soln., is in the homogeiioouB 
condition stronger than nitric acid, since it causes the production of nitromum sulphate, 
lu aq. soln., the great diflerences towards salt foimaiion of the tlireo aiids are almost 
Annihilated, smee water os a baaic anhydride, particularly in excess, and henoo in dil. 
Soln., I'onvurts them almost completely into hydroxonium salts. 


Refebencbb. 

^ * E. Mitscherlioh. Pmg. Ann., 16. 61 B, 1829 ; IB. 157, 1830 ; J. L. Gay LiiBsac, Ann. Chim. 
f (2), 1. 894, 1816 ; A. Binesu, ib., (2), 66. 417, 1838 ; K. Kraut, Arch. Pharm., (3), 24. 801, 
1886 ; litr,, 14. 301, 1881 ; A. W. Hofmann, 16 ., B. 608 , 1870 L. Vanino, t 6 ., 32. 1392, 1899 ; 
L. Mwchlewsl^, %b., 24. 3274, 1801 : Zrif. anorg, (View., 1. 368, 1802 ; 8 . 18, 1802 ; B. LOjem- 
Btoin and L. Harohlewsky, ib^ 6 . 288, 1894 ; F. W. Kuster and 8 . Miinch, tb., 43. 350, 1905 ; 
E. Sohaller, Chem. %., 28. 504, 1894 ; C. Montomaitiiii, Atti Accad. Liwcci, (5), 1. i, 63. 18!»2 ; 
Chm. lud,, 22. i, 250, 384, 307, 426, 1802 s C, Brunner, Journ, praM. Chmn^ (1), 62. 384, 



568 


INOBGANIC AND THEORETICAL CHEMISTRY 


1854 i Dingler'i Joum^ 169. 865, 1S61 ; K. Lnnd, ib^ 207. 612, 1873 ; R. Hw, A., 857. 840, 
1885 ; Btr,, 14. 507, 1881 ; L. Oaciaa, i5., 8. 697, 1800 ; L. Archbutt, Juum. 8oc. Chm. Indu 15. 
84, 1897; B. HizBch, Chem, Zig., 18. 911, 1888 ; 8. Feldhaui, Zeii, anah Chem^ 1, 426, 1862; 
G. Leohartier, CmpL Bend., 108. 539, 1886; D. Gernez, ib., 74. 465, 1872 ; Jonm. Phyn., (1), 

I. CO, 1872 ; G. Lungo and L. MarchlewBky, ZtU. angm. 6. 10, 1892 ; V. H. Volcy and 

J. J. Maiil(^, Pm. Boy. 3oc., 62. 233, 1898 ; 68. 128, 1001 ; 69. 86, 1002 ; PhU. Trana,, 191. A, 
365, 1896 ; Phil. Mag., (6], 8. 118, 1^2 ; £. Anton and W. KamBay, Journ. Chem. 8oc., 65. 160, 
1694 ; W. R. Bonafield, tb., 116. 46, 1919; F. Pascal and M. Gamer, BvU. 8 qc. Chim., (4], 85. 
3U0, 1919. 

> E. A. Smith, JBem. Chem. 8oc., 8. 309, 1848 ; Phil Jlfor/.. (3), 81. 464, 1 847 E. A. Bourgoin, 
Compt. Bend,, 70. 811, 1870; M. BertholoL, ib.. 78. 102, 760, 1874; Ann. Chim. Phys., (5). 9 
161. 1876 ; (5), 14. 441, 1878 : A. Bineau, tb., (2), 68. 417, 1838 ; J. Kolb, ib., ( 4 ), 10. 140, 1867 ; 
M. K. Ghemul, th., (1), 88. 70, 1812; (6), 9. 161, IS76; £. ^litsohcrlirh, Poqg, Ann., 19. 12. 
1630 ; H. Erdmann, ZrU. anorg. Chm., 82. 431, 1002 ; 34. 131, 1903 ; ZeU. angpw. Chm., 
10. 1079, 1903 ; W. N. Hartley, Journ. Chem. Soc., 83. 658, 1903 ; 8. U. lackering, tb,, 68. 436, 
1S03; H. Gromplon, tb., 58. 116, 1888; L. Playfair and J. A. Wanklyn, ib., 15. 142, 1862, 
y/. H. Perkin, tb., 55. 660, 1889; 63. 67, 1893; T. Graham, Phtl Trane., 127. 47, 1837, 
151. 373, 1861 ; H. CavendiBh, i6.. 74. 110, 1784; 75. 572, 1785; 76. 241, 17^6; 78. 166, 
1788; J. WisUoeinu, Btr., 8. 972, 1870 ; J. Thomsen, ib., 5. 181. 1872 ; 6. 61)7, 187.3 ; 7. 772, 
1874; J. Ijow&nhrrz, ib., 23. 2180, 1800; H. Klinger, ib., 16. 997, 1RH3; V. 11. Vdey and 
J, J. Mauley, Proc. Boy. 8 ik., 62. 223, 1898 ; 68. 128, 1901; 69. 86, 1902; Phil. Trane., 
191. A, 365, 1898; Journ. Sot. Chem. Ind., 22. 1227, 1003; Phd. Mag., (5), 8. US, 1902; 

J. Loewe, Joiim. prait, Chem., (1), 98. 385, 1806; H. L. Wells, Amer, Chrm. Journ., 9. 304, 

1887 ; G. y atson, Chem. Bern, 60. 2S3, 1H89 ; J. Dalton, Ann. Phi, 9. 186, 1817 ; 10. 38. 83, 
1617; F. W. Kuster and R, Kromann, Zfi/. OTior]^. C'brm., 41. 1, 1904; A. L. Lavoisier, i/rm. 
Amd., 671, 1776; J. J. Berzelius, Ann., 40. 162, J812; 46.142,1814; H. Davyd 'At mud 

and Phloiaphtwl Hesearches, ch^fiy covcemtng Nxirous Oxide or Ih phloq\&Ur<Ued Bitroua Air, 
and lie Preparaitnn, London, 1800 ; H. St. V. Devillo, Compt. Bend,, 28 257, 1859 ; Ann. Ch\m. 
Phye., (3), 28. 241, 18.50 ; F. M. Raoult. tb., (6), 2. 66, 1884 ; A. Pahn, Journ. Rust, Phya. Chm 
Soc„ 7. 615, 1874 ; 1. 1. Ksuonmkof, d)., 16. 110, 1884 ; N. Tschema>, Z, li. phys. Chm,. 25. 577, 
1898; Ber., 31. 1.350, 1608; £, Aston and W. Hanisay, Jaum, i%m. Soi., 65. 169. 1894 , 
E. Mameli, Gazz. Chm. Jial, 39. ii, 670, 1909; G. Oildo, ih., 45. i, 413, 1915; G. Dddo anil 
G. Anelli, tb., 41. i, 552, 1911 ; H. B. Armstrong and F. V. Woilry, Proc. Boy. 8oc., 90. A, 9b. 
1914; D. 1. Mondel^eff, Bar., 16. 379, 1886; Mtvde dfs dt^oluUtm aqtieu\is, St. PrLerhburg, 
355, 1867 ; H. Henslock, Chem. Nev's, 127. 259, 1923 ; A. Pictet, Arch. Sruncea Gcnhe, (4), 15 
580, 1903 ; H. Burgarth, ^riY. EUkfrochem., 82. 157, 1026 ; A. IJantzsch, Zeit. Eltkirochem , 29 
221, 1023 ; 81. 167, 1925 ; Her., 50. 1422, 1018 ; A. Ilani^sch and L Wt»lf, dt,, 58. B, 041, 192 1 . 
A. Hantzach and A. Welaaberger, Zed. phy^. CJum., 125. 251, 1027 . J Biiibl, tb., 22. 37.3, 
1897 ; J). D. Karve, Journ, Indian Chrm. Roc., 1. 247, 1025 ; G. Sc heibr, Bt r., 59. B, 132 1 , 1 926 . 
C. Chbneveau, Compt. Rend., 155. 154, 1012; H. Brmy, Zed. anmg. Chem.. 116. 2.35, 1921 , 

K. Weber, Poqy. Ann., 142 . 602, 1871 , Juurn.prakt. Chm.. (2;, 3 .36i>, 187] ; A. SupiMliuik >6, 
Journ. Ruse. Phy't. Vhnn, Rtu:., 46 . 1 j 02 , 1914, 0. D. CUipouter and A. Lthrman, 7 rana. Aflki 
Inai. Elect, Eng., 17, 35, 1925. 


§ 44. Hie PbTBioal Properties of Nitric Add 

The most cone, acid at onlinaiy tnnp. can bo obtained as a colourless, trans- 
parent liquid. J. L. I’roust ^ gave J -02 fur the highest specific gravity attainable, but 
this is a niueh greater value than others have been able tu obtain — e y. £. Mitschur- 
libh, and K. Kirvan gave 1-04 at 20’ ; N. A. E. Milloii, 1-55 at lb" ; J. Pclouze. 
1-52 at 15° ; J. Kolb, 1-559 at 0° ; and L. J. Thcnard, 1-513. V. 11. Veley and 
J. J. Manley found the sp. gr. of the most cunc. acid to be 1-54212 at 4° ; 1-52231 
at 14-2’ ; and 1 ‘50391 at 24-2°. F. Eohlrauscb found the sp. gr. of the normal acid 
to be 1-0318 at 18°, and E. H. Loomis, 1-0324. Observations have been roporled 
by E. Buppin, B. Bchyer, G. B. Squire, C. Schults-Sellack, T. Graham. D. I. Mende 
leefi, 0. Grotrian, H. Hager, G. W. Munckc, F. T. Meissner, H. Jahn and £. Schuler, 
W, H. Perkin, W. C. Runtgon and J. Schnudor, A. V. Saposchnikofi, N. Tschemay, 
B. Wegner, and V. 8. M. van der Willigen. Collections of data on the sp. gi. of aq. 
soln. nf nitrir acid of diOerent concentrations have been made by C. F. Bichlei, 
A. Ure, H. Putat-r, H. Goebel, F. Winti'ler, J. Kolb, etc. Tho results of G. Lnngi' 
and H. Bey are indicated in Tables XXXll and XXXIII. They refer to the con- 
tents of pure HNO, ; if nitrous acid or nitrogen peroxide be present, there vill be 
less UNO, at the same sp. gr , — vide Table XXX. The conectiou for temp, is sucU 
that the vuount indicated is to be added for every degree below 15°, and sub- 
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Tabu XXXII.— Spbodib OEAvm and CoMroamoH bt WraoHT of Nmuo Aoio. 


(Sp. gr. at fiom 1*00 to 1*40, and trom 1-600 to 1-620.) 
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Taum^ XXXllI.— SpKrarip (jIbavitv and Cumi>ositiom bt Voluhi: of Xitiuc Acid, 
(K|). gr. at 16°/4” from 1-00 to 1*40, and from 1-600 to 1-620.) 


One litre ronlaiiu to kiloiranu of flNOg. 
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SPEriFIO QrATITY I'llRKRCnONS 


Bp.gr.. 1 000-1 -020 
± 0-0001 

Bp. gr. . 1-160-1-200 
± 0-0007 

Bp.gr. 1-366-1-400 
d- - 0-0013 


1-020-1-040 1-040-1-070 1-070-1-100 MOO-l-lSO 
0-0003 0-0003 0-0004 0-0005 

1-200-1-246 I-246-I-2S0 1-280-1-310 1-310-1-350 
O-UOOB 0-0000 0-0010 0-0011 

1-400- 1-436 1-43S-1-490 1-41)0-1-600 1-600-1-620 
0-0011 0-0016 0-0016 0-0017 


M30-M60 

0-0006 

l-300-]-3e6 

0-0012 


tracted loi evory degree abnve that temp. This conectioii is applicable only 
when the temp, are near 15°. The results were confirmed by V. U. Veley and 
•1. J. Manley, and W. B. Bousheld, and afford further evidence of the existence 
of hydrates in soln. Irirgularities with 96-100 per cent. IINOs are connected 
with anhydrous formation. H. C. Jones measured the sp. gr. of dil. soln. and 
found : 


o- 026 V> o-o 5 ir- o-ioff* O'isif- o-so.y> x- sx- 

Bp.gr. 1-00093 1-00180 1*00360 1-00848 1-01080 1-03360 1-0670 

From this and the lowering of the f.p. he inferted that the formation of hydrates does 
not begin until the soln. is over O-TSIV. When nitric acid and water ate mixed, 
there is a CUltzBCtioil, and J. Kolb found the maximum contraction oconis with 
a mixture eonespondiug with 2 HN 03 . 3 Hji 0 . On the other hand, F. W. Etister 
and B. Kromonn found that although the vol. rliangcs continuously, there are two 
deviations. Thus, expressing the vcl. change, 8v, in thousandths of the vol. at 
0°, they found between —15° and 0° : 

HNO, 25 46 60 64 00 70 77-7 80 89-4 per oent. 

6-B 10-6 11-0 ll-O 13-2 14-6 18-2 14-2 14-9 


















£70 


INOROANIO ASD IHBOBETIOAL CHEanSIBY 


The one break occurs with about 64 per cent. HNOs, and coiresponds with 
HNOB. 3 H 2 O ; while the other break occurs with about 77-77 per cent, HNOgi and 
correspond with HNO 5 .H 2 O. Tliese deviations probably represent the formation of 
the mono- and tri-hydrates. J. N. Rakahit studied this subject. P. Wright found 
that the temp, of maaininfn density of water is lowered O-B*^ in ^^iV^-HNOa ; 1 ' 6 ° in 
J]7-Boln. ; and 3-1 ® in JJ7-soln. V. H. Veley and J. J. Mauley found that for acids 
containing 78 to 99*97 per cent, of HNOsi td contraction x 10^ is 4660— 2Q58cii at 
4*" ; 4590-2085m at 14-2“’ ; and 4623 - 198 oi at 24-2®, where Bco represents the per- 
centage difforenco of HNO 3 . M. Beithelot expressed the molecalat volume ol 
sob. of nitric acid contamiug N- mols of water per mol of UNO 3 , by mol. vol. 
=18iV+29H-39(Ar+3-2)“i. W. Grunert found that the sp. gr. of niixturps of nitric 
acid and potassium nitrate at 20 increased proportionally with the concentration 
over the whole rangp examined. 8 . Sugden discussed the mol. vol, of nitric acid. 

The eflect of temp, on the sp. gr., or the thermal eqiansion of dil. aq. sob. of 
nitric arid, has been measured by C. Forch, aud W. Ostwald ; and of cone, sob., 
by F. W. Kiister and R. Kremann, who found breaks in the otherwise continuous 
curve corresponding with IINO 3 . 3 H 2 O when 64-00 per cent. IINO 3 is present, and 
with HNO 3 ILO, when 77-77 per cent, nitric acid is present. V. H. Veley ami 
J. J. Manley measuri'd the coeH. of cubical expansion, u, of nitric acid and found : 

i* to 14-2” 14 2” to 24 2* 

HNO, 25G Cl-2 750 lOOO' 25*5 61-2 75-6 lOO-OpoPoent. 

a . 0 000.160 0 00U942 0 000088 0 001274 0 000585 0 000907 0-001076 0-001240 

G. Forch’s results for 1 ) are 

6* 10* 15" 20* so* 40“ 

0-5iV-HNO, 0-00030 0-00108 0*00203 0*00323 0*00028 0*01011 

O-OOOiV-HNOi 0-00084 0-00190 000317 0-004G6 0-00817 001230 

1'998^-HNOa 0-001C3 0-00321 0-00503 0-00099 0-01131 0-01G12 


Observations were also made by V. U. Veley and J. J. Manley, while W. R. Bous- 
field found for the sp. gr. of sob. with to j^T-IlNOB • 



J7- 

iiir- 

IN» 


AW. 


4 ° 

1-035801 

1-018011 

1-000031 

1*004533 

1-002271 

1-001130 

ir 

1-034339 

1-017082 

J -008.386 

1*004040 

1 001852 

1-000748 

18“ 

1-032439 

1-01661G 

1-007160 

1*002931 

1-000802 

1-099731 

26“ 

1-030] 63 

1-014707 

1-005446 

1-001309 

1*990236 

0-098192 


The sp. gr. of mixtures of sulphuric and nitric acids was measured by E. Roberts, 
aud P. Pascal and M. Gamier— for some of A. V. Saposchnikofi’s results, vide infra, 
electrical conductivity. According to A. Marshall the following represents the sp. gr. 
of the mixtures at I 87 I 8 ® when the sp. gr. of the sulphuric acid is 1-8137, and of 
nitric acid, 1-5009 ; 

0 32 4-67 910 22 61 30-49 67-78 72 SO 9B 19 

Sp gr. 1-8466 1-8586 1*8005 1*8215 1-7601 1-6879 1-6227 1-6080 

D. Colladon and C. Sturm ^ found the coefi. of DompresnUlity of nitric acid 
at 0 ® between 1 and 32 atm. press, to be 0-000032 ; and W. C. R 5 ntgen and 
J. Schneider obtained respectively 0-958 and 0*981 for the robtive compressibility 
(water unity) of sob. of nitric acid lespectivcly containing 1600 and 700 mols. of 
HNOa p^ gram of water. S. Pagliani and E. Oddone found the viflCOBity coeS., 
77 , of nitric acid to be : 

HNO, 100 72-86 67*82 64*30 61*56 68-10 63-00 per cent. 

^alO' . 0-02276 0-03276 0-03422 0-03660 0-03459 0-03295 0*02045 

If at 10° . 0 01770 0-02456 0-02679 0-02676 0-02604 0-02470 0*02324 

If that of water be unity, B. Reyher found the viscosity of iV-HNOa to be 1*0266 at 
26® ; JJy-HNOa, 10116 ; i^-HNOa, 1*0052 j and iiV-HNOa, 1*0027. T. Graham 
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nude some obaervatiow on tUe rabject ; and F. W. Klister and R. Eicmann found 
water unity at 0 ° : 


HNO, 
natlS” . 


98*5 

O-MB 

0<833 


82-0 

1*036 

2*240 


70-0 

1*277 

3*268 


66*0 

1*300 

3*304 


60*0 

1*144 

2*369 


30*0 

0*822 

2*636 


10*0 

0*655 


W. E. Bousfield gave for the viacosity coeff . between 4® and 25' 



4* 

11* 

18’ 

.V. 

. 001M87 

001SHU7 

0-010731 

iAT. 

. 0016513 

0-012081 

0-01060(1 

iN- 

00)6562 

0-012066 

0-01 0546 

iff- 

0-0166B6 

0-012661 

0-010610 


0-01 6605 

0-012003 

0-010526 

sVV- 

. 0-016030 

0-012072 

0-010628 

\\ tttcr 

. 0010600 

0-012672 

0010511 


26 " 

0*009176 

0*009011 

0*008606 

000K943 

0-00M927 

0-008920 

0008901 


ThoHc rusults calculated for water arc plotted in Fig. 91. The pxplaimtiun of the 
maxima in the curves depends on the com- 
])lex structure of the water molecule ( 1 , 7 ). 

\j. J. 8 imon also studied the viscosity of nitric 
arid. W. Oninort found that the viscositica 
of nuxtnrea of nitric acid and potassium lutrate 
at 20 '’, increase over the whole range of con- 
centratioii cxaininpcl. E. C, Bingham and 
»S B. Stone measured llie fluidity of mixtures 
of Holu. of nitric and sulphuric acids at 10 '^, 

20\ and 40". 

0. Jahnke found the suiface tenaion, tr 
dynes iier cm., and the spedfic coh^on, sn. mm., of nitric acid with p per cent, 
of IINO 3 , 8 '!' 20 “, to be : 



j /AS^Wj, 

Fin 91 --Viscosity of Nitric Arid of 
V i\i louH ('Diirniitrtitioaa at Diflerent 
TeioprrAturcfl. 


P • 

. 7-25 

9*00 

22-00 

37*00 

50*00 

70*00 

o 

. 7310 

72*70 

71*48 

OHIO 

05*43 

59*36 

fi> . 

. 14-34 

14*07 

12 82 

11*23 

10*13 

8*00 


E Aston and W. Ruinsay found for nitric acid of sp. gr. 1*5301, cr - 11*30 at 11'6" ; 
Rp. gr. 1*4696, a=35-95 at 46*2° ; and nf sp. gr. 3*800, a-31*46 at 78*2" (by extra- 
polation). This gives the molar surface energy 492*3, 140*4, and 395*6 

ergs, and the results show that liquid nitric acid probably consists ol a mixture of niols 
of IINO 3 (HN 03 ) 2 . evidence favours the view that negative curvature 
is due to some form of dissociation, whilst positive curvature is brought about by 
solvation. The cone, of the mixture shoeing the maximum deviation from the 
linear fluulity-vol. cone, curve is independent of the temp., provided that only one 
solvate is formed, and in such favourable cases it is believed that this cone, may be 
utilized for finding the composition of the solvate. 

The velocity of difludon of nitric acid in water was studied by S. Arrhenius, 
J . H. Long, J . J. Coleman, G. UmofE, and J. Stefan. The results of J. D. E. Scheffer 
at 9°, and of J. Trovert at 19*5°, for the coeff. of diffusion, k, in sq. cm. per day, and 
with the cone., C mols per litre, are as follow ; 


0*04 0*44 3-56 0*02 0 90 3 00 

1*73 1*78 1-94 2*12 2 26 2-46 


while L. w. Oholm gave for 20 ®, 2 iV-, ifc=.2-l50 ; 1-52V-. J-2-141 ; N-, *=^2*164 ; 
0*5iV-, i=.2*227 ; 0*1 AT-, JiE=.2-246 ; pud for 0*05i^-, /^=2*266. Y. Teiada measured 
the speed of dialysis. 

About 1777, C, W- Scheele * found that when the vapour of nitric acid is jiassed 
through a whiie*hot tube, it decomposer into nitrogen and oxygen ; but if the lube 
p ^t heated to a very high temp., only oxygen and nitrogen peroxide are formed. 
^11 ^* Qatehouse, and H. Bottger said that when nitric acid is heated 

all the nitrogen oxidea aa well as nitrogen ^ oxygen are produced. L. Cariua 
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found that nitric acid is entirely decomposed at 256'^ in accord with the equation 
4 HN 03 -- 4 N 02 -|- 2 H 204'02 ; and measuring the progress of the decompoBition by 
the vap. density, D, at difieient temp, (air unity), he found : 


80“ 

lUO" 

ISO" 

100' 

100" 

2f!0" 

230" 

256" 

265" 

312" 

2-05 

2 02 

1-92 

1-79 

1-69 

1-42 

1 20 

1-25 

1-24 

1-23 

0-63 

11-77 

18-78 

9R-1I0 

49-34 

7207 

03(13 

100 on 


- - por i-ent. 

9-43 

10-41 

10-02 

26-22 

43-09 

03-77 

82-30 

86-47 


— I'.f. 


The piiultiniato line represents tlie calculated percentage deeoinjWHitifm, a ; and 
the last line, the vol. of oxygen, v c.c., obtained per gram uf nitric acid. M. Berthelot 
showed that nitric avid scuh^d in evacuated tubes and ke])t in the dark remains 
unaltered fur several weeks at or linary temj>., but at 100 ”, the nitric arid docoiiiposcs 
into nitrogen iieroxide. oxygen, and water. The decomiioailion is ineomplete, and 
is limited by the water ikrodiued, for, under similar conditioiib, nitric acid uf sp. gr. 
1-533 auilers no change at 100 . The deconqiositinn can si-arc'ely be n'garded iis 
reversible, ainre the oxygen will combine very slowly witli any nitrous acid that 
may be formed by tin* action of the nitric ]ieruxide on the wat er. The derunqiuhition 
of nitric acid into nitric peruxide, ox}geu, and water at 1 (K)’ would absorb aliont 
- 6-5 (Ws. per mol. of acid. The decomposition of nitric anhydride absorbs much 
leas, hence the instability of this compound. On the other hand, the heat of 
fonnation of hydiated nitri(‘ acid is much higher than that of the anhydrous 
acid, hence tlie greater the stability of the former. 

J. 0. G. de Marignac^ found the specific heat of soln. with 5^-3, 12-3, and 3*1 
-pel cent. HNO 3 to W resjieetively 0-6651, 0-8752, and O-IMUK lietween 21” and 52” ; 
and J. Tlumisen, for soln. with 26, 15, and 3-4 per rent IING 3 , resp^'ctively 0*768^ 
0-849, and (V963 at 18 . T. Thninsou. and T. W. Kichards and A. W. llowc also 
measured the »]). ht. of uitric acid. N. de Kolossowsky disrussed the sj). lit. of soln. 
of the acid. P. Pascal and M. Gamier obtained results for nitric acid, and fnt 
mixtures with nitrogen p«*rnxide and with sulphiuic acid. They gave for the meau 
sp. ht. of nitric acid at 20 ' ; 

HNO, 10-00 26 27 10 00 46-87 00-52 70-00 81-80 00-33 02-16 08 16 i)er eont. 
N.O. . — - - 0-70 1-64 2-30 4-22 l-H.I 

Sp,ht . 0-000 0-787 0-009 0-002 0-637 0-010 0-576 0-630 0-600 0-476 



AfaCs HNO^ per too mixture 

Fia. 92 — Freezing-paint Curve 0 / 
Binary Mixtures : nN()3-T]s804. 


J. DallQii gave —ID" for the melting point 
of nitric arid of sp. gr. 1-30 ; and V. W. KiisOt 
and S. Munch for absolute nitric acid —41 
A. IlantzHch and L. Wolf gave — 42’3” for fie* 
ni J). of absoliitii nitric acid. This subji'eL 
has been already dibi'usscd in connection 
witli the hydrates of nitric acid, Fig. 02 . 
E. H. Jjoomis,^ II. C, Jones, and II. C. Jones 
and F. H. Getman mea.siired the lowering 
ol the freezing point of water hy nitric 
acid, and found that when a litre of soln. 
contains n mols of HNOa, the lowering of the 
f.p., 80, and the calculated percentage ioniza- 
tion, a, for dil. soln. are as follow : 


0-001051 

0-003168 

0-007378 

0-1153 

0-06103 

0-1059 

0 (K»10“ 

0-0119'' 

0-0270** 

0-4:K)U" 

0-1802" 

0-37.35“ 

100 

99-4 

97-9 

97-3 

96-8 

80-0 ijnr rent. 


W. 0. Holmes measured the f.p. of mixtures of sulphuric acid with ii]) to 50 i»er 
cent, of iiitrie acid. If no water be present so that the total acidity is 100 per cent, 
there is a minimum at —18*2° when 5-4 per eent. ilNOs is present ; and a maximum 
at 2-3° with 10*8 per cent. HNOg. This corresponds with nitratopeDtaanlphw^ 
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neidp HN08^5H2S04. If the total acidity be 95 per cent., the f.p. felle to — 4r 
wilh 2-35 per cent. IINO3 ; risert to a uiaximuui at — 11® with 9-76 pt^r cent. HNOs ; 
anil fallH io —41 -3“ with 4D-09 per cent. HNO3 ; when the total acidity is 103 per 
cent., there ia a minimum at - 12'3'’ with 8*15 jier cent. IINO3, ^ maximum 
at 10‘f)° with 15'52 per cent. UNO3. In both casca, the results are complicated 
by water and sulphur trioxide reHjiectively. 

A. V. Raposclinikoif ^ measured the vapour pressure of boln. of nitric acid, at 
15^’, and his results arc as follow : 


t'P- gr. • 

1-400 

1-453 

1-402 

1-487 

1‘4[)7 

1*610 

HNO, . 

05-30 

7810 

82-10 

88-65 

92-93 

08-00 por cent. 

Presfluro 

1-90 

9- to 

16-(;4 

29-70 

42-60 

46*20 inm. 

N, in viipnii 

10-32 

22-52 

22-05 

23-05 

23-50 

23-75 por cent. 


Since nitric acid coniaina 22*22 per cent, of nitrogen, some nitrogen oxides must 
alen he present in the vapour from the cone, acici ; and water vapour, from the 
dil acid. II. J. M. Creighton and J. II. Githens gave for the vap. press., p mm., 


at dillerent temp: 

0 

20 

30 

to 

.50 

GO 

70 

80 

00 

100 percent. 

p at 75'^ 

280 

200 

2:10 

10.5 

1.55 
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115 

171) 

296 

52 1 

p nl SS®* 
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200 

350 

300 

250 

225 

195 

250 

410 

725 

p nl OS'* 

n;u 

554 
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375 

;i3o 

300 

37.5 

62.6 

— 

p nt Kin 

760 

063 
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160 

405 

370 

4.60 
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The curves thus show a ininiiniiin va]) press., Fig 93, and there is also a correspond- 
ing inaximuni in the b.p. curves. A. Klciuenc and A. Nagel found for the partial 
p null , of water and IINU3 over aq. sulu. of nitiic acid at 12*5'', and 30‘' : 


111 - 


80" I' 


HNOj 



2,V- 

6.V- 

lO.V- 

IjX- 

20.V- 

2KV. 

|/)11>1U 



(1 Ii3(t 

0-0181 

0-626 

1-19 

10-80 

25-1)9 

11 0 

Kj h7 

1(1-41 

ii-oy 

8-19 

4-88 

1 22 

— 

— 

ipnNo„ 



U-IIUTU 

0-0482 

0-041 

3-28 

— 

— 

U'Ujl) 

31-77 

30-72 

35-12 

24-07 

13-88 

2-96 

— 
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r. L liiinliek and E. R. Freed also made analngous observations for arid wilh 
2i*l 1 0 fiy-y per cent. UN Oj at 25^ 50'’, and 75°. G. 13. Taylor tabulated the avadable 
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67 jioT cont. HNOs \ of sp. p. 1*52^ the value falls to from 46 mm. 

to 41 mm. with about 92 i^er cent. HNO3 and remains constant to about 80 per cent. 
HNO3, when It falls steadily as indicated in the diagram, Fig. 94. E. Oeman found 
the constant boiling acid contains 68 per cent. HNO3 ; and the distillation curve 
shows that at conr. over 92 ])er cent. HNO3, dissociation does not occur in accord 
with the electrical conductivity mcasurcmenls. W. C. Sproessci and G. B. Taylor 
measured the vap. press, of 20-80 xier cent, acids between 0° and 80**. With acid 
above 90 per cent. IINOs, d(*com|)08itiun occurred at all temp, above 0°, 

H. E. IloBcoe said that tbc bouing point of the most cone, acid is 86'^ at 760 mm. 
press , but decomposition occurs before this temp, is attained ; and H. Erdmann 
gave 21-5^’ at 24 iniu. press. The influence of press, on the b.p. given by 
H. J. M. C'reighton and J. II. Gitliens lor an acid with 99‘7 per cent. HNO3 is as 
follows : 

Pit^. 47 00 no 203 2DU 300 500 075 mm 

B.p 22-1" 2li-; 36-0" 49-0^ 67'1" 63*4" 72-7'* 82*6“ 

Their resultb for the boiling points of aq. soln of nitric acid of diilereut cone, and 
at different press art given iii Table XXXIV. J. Dalton pointed out that when 

Tabik X.\X1V — Buitino ]>uints or Nitru Aud of Difilkevt (V»mi ntrvticinh 

ANII AT DlTlEJIlNT pKbSSORJS 
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cone, or dll. soln. of nitric acid arc boiled at atm. press., the b.p. gradually rises to 
120-5°, and the composition of the cbstillatc* then dr»es 
not change. The fact was subsequi iitly roiifirmiKl by 
E Mitseherlieh, N. A. K Millon, A Smith, A. Biiieau, 
and II. W, F. Wackenroder, The snlii. of constant b ]) 
was found by H. E. Roseoc to contain 08 Tier cent, of 
I1N()3, and to have a sp gr of 1*414 at 15*5°. If this 
soln be distilled under an incieaHed or den eased press 
th<‘ composition of the constant boiling soln. has a 
different concern tration for each change of press. In 
illustration, H. J M. Creighton and J. H. Githni'i 
found the maximum b.p. is 12J-70® and 760 mni. whtn 
68-18 2)cr cent, HNO3 present ; 99-9° at 860 mm. wlun 
67-lS per cent. IINO3 is present ; and 74*2® at 110 nmi 
when G6-8 jier cent. HNO3 is j^resent. Hence, argued 
H E. Koscoc, the soln. with 60 per cent, of HNO3 doe*! 
not contain a definite hydrate ; if it did, the composi 
tion would remain constant through a definite range 
of press, and temp. The b.p. curves of nitric acid for 7(i() 
mm. and 360 mm. are shown in Fig. 97. 0. D. Carpenter and J. Babor distilled dil. 
nitric acid without a fractionating column, and found tliat with successive portions 
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of the dietillate there was a lose of 3 per cent, of the nitric acid in concentrating 
from 10 per cent, to 20 per cent. HNC^, 9-3 per cent, between 20 and 30 per cent. 
HNOsi and 20-9 per cent, between ^ and 40 per cent. HNO3. The ourre 
representing the relation between the vol. of the residual sob. and the cone, of 
nitric acid contained therein is a regular h3rporbob, torminating at a pomt corre- 
sponding to the constant b.p. mixture. Concentration under the conditions 
doscribed is therefore not ecouomicaUy possible. 

The ellect of sulphuric acid on the b.p. was measured by H. J. M. Creighton 
and H. G. Smith, and the results are indicated in Fig. 9h. P. Pascal represented 
the b.p. of the ternary system : HNO3 -'H2SO4-H2O, as a surface over the tnangular 
diagram ; this subject was also examined by H. Kaltenbach. H. J, M. Creighton 
and 11. G. Smith showed that the presence of potassium hydrosulphate m the nitric 
acid raises the b.p, of the luixture, but this is not attended by any appreciable 
change in the composition of ihe mixture of maximum b.p., but additions of sul- 
phuric acid to aq. nitric acid cause a decrease in the IlNOs content of the mixture 
ui maximum b.p., and this the more the greater the amount of II2SO4 present. 
Thus, at 760 nun. pn-ss. the maximum b.p. occurs at 68-18 per cent. HNOs with no 
sulphurir. arid ; with 64-5 per cent. llNOg and 10 pnr cent. H2SO4 ; and with 59-2 
prr cent. IINO3 and 20 per cent. H2SO4. lienee, with 68 per cent. aq. sob. of 
nitric and 20 per rent. sul]diuric acids, a cone, acid distils over until acid of inaxiinum 
b.p. is obtained. This shows wliy 6B-69 per cent. IINO3 sob. of nitric acid can be 
erjiic. to over !)() per cent. IINO3 distiUation with rone, sulphuric acid ; potassium 
liyilrosulphate is of little use in this diroriion. The ellect of reducing the press, 
is to make the mixture of roaximujn b.p. still less rune., and thus favour the concen- 
tration of 1 he mure rone. acid. The distiUation of these mixtures was furtlipi studied 
by r. Pascal and M. Gamier, F. Galle, J. Baumann, L. Kamberg, and £. Burl and 
0. Samtlebon. E. Oomau said Dial no dissociatiDn occurs in the distiUation of acid 
of roue, over 92 per cent. 

The heat ol brnuitioii given by J. Thomsen^ is (H.N, 30) -41-51 Cals. ; (H,NO,20) 
-63085 Cals.; (N02,0,H)-43-515 Cals.; and i(N204,0,H20)-18-67 Cals. 
M. Berthelot gave (II, N, 30)— 34-0 Cals, for the gas, 41-6 Cals, for the liquid, 42-2 
Cals, for the solid, and 48*8 Cals, (or the sob. M. Berthelot gave 7-18 Cals, for the 
heat ol solution, and J. Thomseu, 7-49 Cals. The former also gave the following 
data marked B, and J. Thomsen those marked T, for the heat of dilution of a mol 
of HNO3, '^th n mols of water, at 10® : 


n 

. 0-5 

1-0 

1-6 

20 

30 

4-0 

6-0 

Cals. B 

. 203 

3-31 

41G 

4-86 

5'7G 

G-39 

6-76 

Calfl. T 

. 2-OUC 

3-285 

4-lG 

— 

6-71 

— 

6665 

n 

6 

8 

10 

20 

40 

100 

200 

Cak /? 

. G-ds 

7-22 

7-27 

7-36 

7-27 

7-21 

7-lB 

Cals. T 

, — 

— 

7-318 

7-468 

7-136 

7-439 

7-493 (320) 


He also found 7530 cals, for the heal of sob. of a mol of IlNOs m 320 mols of water ; 
for HNO3.H2O, 4280 cals, ; for nN()3.2tf20. 2740 cals. ; and for HNO3.3H2O, 
1B30 cals. Observations were also made by G. ^usseau and G. Tite, S. U. Pickering, 
T. W. Richards and A. W. Rowe, and J. Petersen. M. Berthelot gave for the heat 
Insion of HNO3, 9'54 Cals, per gram, or 601 Cals, per mol ; and for the heat oI 
yaporization,115'l Cols, per gram, or 7250 Cals, per luol. For the heat ol neutraliza- 
tion of UNO3 ^th an eq. of sodium hydroxide, M. Berthelot gave 13-68 Cals. ; 
potassium hydroxide, 13*77 Cals.; ammonium hydroxide, 12-32-12-6 Cals. ; thaUium 
hydroxide, 13-69 Cals, ; calcium hydroxide, 13-9 Cals. ; strontium hydroxide, 
13*9 Cals. ; barium hydroxide, 13-9-14-13 CiJs. ; magnesium hydroxide, 13-76 
Cals. ; zbo hydroxide, 9-8-9-915 Cab. ; cadmium hydroxide, 10*16 Cab. ; manga* 
nese hydroxide, 11-476 Cab. ; ferrous hydroxide, 10-476 Cab. ; cobaltous hydroxide, 
10-56 Cab. ; nickelous hydroxide, 10-55 Cab. ; cupric hydroxide, 7-445 Cab. ; 
cupric oxide, 7*625 Cab. ; silvei oxide, 6'2-5'44 Cab. ; mercuric oxide, 3-106- 
3-66 Cab. (R, Varet) ; mercurous oxide, 2-896-9-1 Cab. (R. Varet) ; lead oxidcj 
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8'386^'B85 Cals, ; and iiranyl hydroxide, H2UO4, 4-2 Cals. (J, Aloy). P. Dutoit 
and E. Giobet measured the rise of temp, during the progressive neutralization of 
various bases with nitric acid with the idea of detecting the formation of basic salts, 
etc. J. H. Mathews and A. F. 0. German gave for IN-, JN- and j^A^-NaOH, 
respectively 13'G36, 13'Gll, 13*647, and 13*548 Cals. ; and A, Worniann 

18" 32" 

IN- M- »*v- iy- *y- |y- ^*..y-HNOa 

EOH 14472 14402 14-405 13-912 13-S3B 13-B04 13 103 -- 13*087 Cals. 

XbOU U-3D9 14-345 14-324 13-708 13-680 13 005 12-928 12 802 12 035 Cals. 


Observations on this subject were also made by T. W. Richards and A. W. Rowe, 
T. Audrews, and J. Thomsen. D. D. Karve studied the heats of soln. in alcohol 



Fjo 96 — Ifpat tinvulopod on Mixing 
Nitric and Sulphuric Acids and Water. 

HNQ, . . 5 10 20 


25^ . -24250 -23560 -22820 

J*®® CO' -Z.3U10 -22270 - 21410 

Mergy 21700 - 20770 - 10820 


and rlher. The heat developed by oxi- 
dizing reactions with nitric acid was 
discussed by M. Berthelot in 1880. 
J. W. McDavid studied the heat de- 
veloped on mixing soln. of nitric and 
Bulpiiuric acids, and his results, exprebsed 
in gram-calories per gram of product-- 
when the mixed acid is produced from 
100 per rent, nitric arid, 100 per cent, 
sulphuric acid, and water— are shown in 
Fig. 9(). C. L. Burdiek and E. H Freed 
calculated the free energy of mine arid 
vapour at 10°, 50", and Vf to be lespcc 
tively, —16,750 cals., —10.210 cals., and 
—14,720 cals.; or, at T" K., —25510 
+31T ; and for soln. of nitric acid : 

30 40 50 CO 70 por 

n-nt. wt. 

22100 -21570 -20000 - 20190 in;i50 
20(40 20040 19370 ls700 ISUOO 

19070 18110 - 17780 17110 USm 


The index ol refraction /x, of nitric arid was measured by J. H. Gladstone,^ 
and J. H. Gladstonr and W. llibbert found that the value is changed only a hllle 
by dilution. .1. W. Bruhl found for the D-liiie with nitric acid of bjj. gr. 1-50990 at 
20°/4°, jLL=l-39581, and with an acid of sp. gr. 1-50875, /x- ■1-36870; the corre- 
sponding mol. dispersion was 0-336 and 0-310. V. II. Veb-y and J. J. Manley 
found for sodium light at 14-2° ; 

UNO, 2-19 JJ-H8 70-04 71-57 89 88 95*66 9S 67 90 87 por o-nt. 

fi . l-3;)6208 1*349371 1-406094 1-406046 1-101419 1-398148 1-396008 1-397167 

There is a slow increase as the cone, nf the arid 
iucicoscR u]) to about 70 per cent. liNO^ when 
a maximum is attained — ^h'lg 96 ; the values 
then decrease slowly to about 91 per cent. 
IJNOa, thereafter more quiekly to 98*67 
per cent. HNO3 when there is a slight increase. 
The value for the anhydrous acid is nearly the 
same as that for an acid with 60 per cent, 
HNO3. J. H. Gladstone gave 1^24 for 
the refraction egoivolent of nitric arid. 
J. A. Wasastjema made observations on this 
subject. J. U. Ghosh and S. C. Biavas mea- 
sured the exlinction coeJI. in the ultra-violet. 
C. V. Raman found that the light scattered by dust-free nitric acid is nearly 
always unpolarized ; and he said that W. L. Bragg's observations on the scattering 
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of light by nitric acid support the hypotheau that the citric acid molecule 
and the NOg-ion are anieotropic. 8. Yenkateswaran^ C. V. Raman, and 
G. W. Sweitzer studied the scattering of light by nitric acid. W. U. Perkin 
measured the magnetic rotatory power at 15°, and found the spedfic rotation, 
the molecular rotation, and the molecular rotation less that of water, to be : 


HNOa . 

09-46 

66-44 

32-36 

26-81 

22-61 percent. 

Specific rotation 

0-6202 

0-8042 

0-9066 

0-9238 

0-0360 

Molecular rotation • 

1-220 

3-678 

8-168 

10-360 

12-763 

Mol. rot. less water . 

1-207 

0-977 

0-862 

0-805 

0-763 


C. F6iy examined the efiect of the progressive addition of sodium hydroxide to a 
Buln. of nitric acid on the index of refaction, and found the maximum deviation 
corrcRponded with the ratio NaOH : IINOg. R. Wachsmuih made some measure- 
ments of this constant. W. N. Hartley observed the absorption spectra of nitric 
acid and found that with 89-60 per cent. HNOs, the spectrum is continuous to 
2644 witli a weak extension at 3685, and between 2716 and 2743 ; with 72*57 
per cent, acid, the spectrum is continuous to 3079 with a weak extension between 
;U0D and 3150 ; and with acids between 69-80 and 2031 per cent. HNOg, the spectrum 
is continuous to 3079. The acid oi sp. gr. 1-432 in thickness 2 mm. transimts a 
longer spccirum than the same acid diluted to 36 times its vol. in thickness 100 mm. 
The marked clianges in the spectra with acids of sp. gr. approximating 1-432 are 
1-490, led to tlie assumption that there is some chemical action going on between 
the water and the acid, when the cono. change. K. Schaefer and co-workers found 
that sulii. of the nitrates exhiliit selective absorption, while the alkyl nitrates cut off 
only the ultra-violet end of the spectrum. Dil. nitric acid has a spectrum like 
that of the salts, but with a cone, above 2.5r-EN03, the ester type appears, and with 
the eojic. acid, there is only continuous absorption. The a))Borption spectrum of 
nitric acid vapours is very like that of 98-7 per cent. IINO3. Ilencc, the NOg-group 
in the vapour is very similar to that in the ester, and the enne. acid. The absorption 
limit of 0-2i\f-HNO3 displaced towards the ultra-violet by 20 per cent, of sulphuric 
acid, and at the same time, the absorption curve is flattened ; this cflect increases 
with ineii-asing cone, of sulphuric acid. Sul])huric acid displaces the cq^uilibrium 
between the two types of the nitrate spectrum. Observations were also made by 
(1. Massul aud A. Faucon, W. J. Pope, K. A. Morton and R. W. Riding, and by 

E. biegler-Soru. E. C. C. Baly and co-woikeis found that in alcoholic solu. the 
phler type of alihorptinn orcurs, and in aq. solii. increasing dilution brings out the 
nitrate bands more clearly, corresponding witli W. N. Hartley s suggestion that the 
band is duo to ionized nitrate. 0. Schaefer and M Schubert found that the ultra- 
red reflection spectra of a number of nitrates show A three maxima, at approxi- 
mately 12-5/ji, and 15 -Om.; in addition, mereurouB nitrate shows a fourth 
uiaxunum at 10 - 08 jLi with ordinary light. The three maxima, observed with the 
biaxial nitrates, with ordinary light, are made up of three components corresponding 
respectively with the vibrations parallel to the axes of the three indices of refiac- 
tion. The characteristic vibrations, as in the case of the carbonates and sulphates, 
depend very slightly on the metal, and are due to internal vibiatioiis of the NOg- 
group, wliich are practically the same in all the nitratis examined. 

According to F. Kohlrausch and 0. Urotrian,^ the electrical conductivity of 
nitric acid iiiCTeascs as the cone, increases up to 30-33 per cent. HNOg and there- 
after decreases. Measurements were also made by H. Crompton, E. Bouty, 

F. W. Kiistci and K. Kremanu, K. Lenz, etc. According to V. U, Yelcy and 
J. J . Mauley, the specific conductivity of nitric acid in K X 10^ mercury units at 15° 

13 : 

RNO, . 1.30 3.12 20-11 30-42 51-7B 78'On 04-32 QA-50 00-34 per cent. 

AMO* 6320C 1440 0 6303-8 700 B 2 6631*2 1045-1 207-8 107-81 387-34 

The more detailed icsults, plotted in Fig. 98, show that the conductivity rapidly 
increaseB with concentration up to a uimrimnm at about 30 per cent. HNO3, and 
VOL. vni. 2 p 



578 


INOBOANIC AND THEOBETICAL CHEMISIBT 


then there is a decrease until a mininium is reached with 96*12 per cent. HNOa* 
F. W. Etister and U. Kreniann detected two irregularities in the conductivity curve 

of Boln. containing 25 and 50 per cent, of HNO 3 
corresponding respectively with the tri- and 
monohydrates ; and a third irregularity with 
between 96-100 per cent. HNOa, at which the 
concentration irregularities occur with sp. gr. 
and f.p. curves, and is concerned with the 
fonnation of the anhydride. A. Jlantzsch and 
L. Wolf could detect no minimum in the 
conductivity of soln. of nitric arid. The 
minimum value for the conductivity of 99*5 
per cent. HNO^ is 89x10"* at 0 ®, whereas an 
almost absolute acid gave 94x10“® at —40®. 
Observations on dil. soln. were made by 
W. Ostwald, S. Arrhenius, £. H. Loomis, 
H. C, Jones and F, H. Getman, etc. According 
PercefftHNO^ to F. Kohlrausch and 0 , Qrotrian, llie eq. coii- 

Ficj. 98.— Speriiip Elpctriral Con- durtivity. A, for soln. with a mol of lINOj in v 
ductivity of Nitriu Acid at „£ ^^ter at 18® is : 

0-1 i )'2 0-.^ 1 5 20 100 500 1001) 

Gj-4 156 25H SIO 324 340 357 368 375 (375) 

S. Arrhenius pave fur the conductivity, A, atfl°, A - Aofi‘0*oPA45( 1 + 0 . 01570 ) ; there is 
a maximum value for the conductivity at 167°, t.r. when (1 + 0*01 57 0)0*001 4 0*0014. 
Working with soln. containing M milliformula- weight per litre at 4®, A. A. Noyes 
found the effect of temp, on the conductivity of the soln. to be : 

18* t>5“ &0* 75* 128® 15B" 

0^5 374 0 417-0 563 9 697'2 815>0 930-9 1026-0 

2-0 371-2 413-7 558-8 689-7 786 0 9L9‘U 1012 0 

10-0 365 0 406 0 548 0 676*0 782-7 893 0 978 0 

M 12-5 36.3-9 4U5-0 546-2 b73-4 750-1 887*0 972*0 

50-0 353-7 393-3 528-6 619-4 751-2 847-4 921-4 

80-0 349 0 388 0 621*0 637*0 735 0 827*0 873 0 

100-0 346-4 385-0 515-9 632-5 729-9 820-0 8S5-7 

E. Bouty found that nitrates dibsulved in conn, nitric acid raise thr* cuiiductivity 
in proportion to the amount dissolved. A. Klemcnc and B. iScholler measured the 
conductivity of mixtures of nitrous and nitric acids, but obtamed no delimte 
evidence of tbc cxifltcuee of 1 I 2 N;) 0 ^. Observations on the temp. coeH. were made 
by F. Eohlrauscb and 0. Grotrian, C. Deguisne, and J . and G. E. Gibson. According 
to S. Arrhenius, the temp, cuell. between 18® and 52®, is : 

2 10 100 1000 

Temp. Boofl . . 0-0\43 0-0141 0-0162 0-0154 0 0157 

V. E. Veley and J. 3. Manley said that nitric acid at cone, above 94 per cent. lINOa 
behaves like a metallic conductor in having a negative temp, coefi. H. C. Jones 
found for the mol. conductivity, /x, and percentage degree 0 ( ionizatioili a, for soln. 
-with a mol of the salt in v litres at 0 ®. 

0-5 1-0 2 4 10 20 40 60 

177-15 203-72 216-63 222-62 226-24 233-68 234-89 238-07 

71-71 85-93 91-38 93-99 96-43 08-65 99-08 HIO-OO 

It is inlerred that in dil. soln. there is no tendency to form hydrates ; and from tlic 
f.p. data, it is conrluded that hydration does not begin until the soln. is 0*75iV-- 
For soln. with M mols of ilNOs per litre, he calculated that H muls of water wen* 
in combination with a mol of the salt at the given cone, of a litre of the soln., at 
that cone., contained 1000 grms. of water. 

M 0-6 0-8 1-0 12-0 3-0 4*0 5-0 6-0 

H 2-U7 3-41 3-76 6-06 6*18 6-02 5-83 6-09 


305 ® 

1160 1158 

926 454 
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Q. Crompton ionnd that the second difierential cooff. of the plectrical conductivity 
and the composition of soln. agree with the prosonce of the hydrates HN03.4U20, 
and HNOs.l 5II2O — vide sulphuric acid. S. Arrhenius gave —1 362 cals, for the Imt 
ol ionuatioix withO'li^^-llNOs at 35'", forv=:10 ; and J. Petersenj —2800 cals, for 
u --1'5 io 6-0. W. Bein obtained 0-172 for the transport namto of the anion of 
rntric acid in O-OSi^T-soln. at 25** ; If. Jahn and 1). Bukschnewsky, 0-170 at with 
U-OOiV- to 0-25iV^-floln. ; and A. A. Noyes and Y. Hato, 0-156 at 20** with O-OGJV- 
snln., and 0-160 in 0’007Jy- to 0-02iV-soln. The NOs-ion is one of the most electro- 
negative of ions, and its velocity at 18^ under a potential gradient of one volt, 
per cm. is 6-18 X lO''^ cm. per second. P. Walden measured the ionic velocities in 
arotoiie soln, ; and he calculated the diameter of the NOs'-iun to be 2-57 X cm. 
B. T. Lattcy diHcusHcil the application of the dilution law. V. H. Vnley and 
J. J. Stanley conrliuled from their observations on the electrical conductivity that 
ihiTc is iiu sim])le substance of the composition represented by the formula IINO3 ; 
ih\ mh$lanGe hj the formula HNU3 ^ because U is really a mixture 

of lINOy, N2O3, aiid IL/). For the affinity constants, vide sulphuric acid. 

M. Faraday found that a very cone. sobi. of nitric acid is a good conductor and, on 
elnt trolysjs, dev»dn]js oxygen at the anode, while in the vicinity of the cathfMle, the 
liquid is coloured first yellow and then red. If the acid be diluted with more than 
Its own vol. nf water, hydrogen is also given off at the cathode, and this the more^ 
the less the ciineeiitratiou of the acid. '' The arid which gave no gas at the cathode 
^\lth ii 'we.ik voltaic hatterv did evolve gas with a stronger ; and that battery which 
cMiIved no gas there with a strong and, did cause evolution with an acid more 
ililule.” The amount of oxygen liberated by cone, and diL acids corresponds with 
llie icailinifs of the coulombnictrr, and likewise also the acid if it has a sp. gr. below 
l'l!l (\ F. Srhonbeiii, uiid E. A. Hourgoin found that with a very dil acid some 
iiitiogen, nitrous acid, and ammonia are formed at the cathode, and £. A. Bourgoiu 
l.iliT obtcrved the fnnnntion of nitrous oxide and hydroxylaiiiinr. Analogous 
ulpM-rvations weie made liy T. Blnxam, C. Luckow, U. Yorlmann, P. A. Favre, 
and A. Bri'ster. Tlie nature of the products obtained by the elcctro-reduction of 
mtiic ucid naturally (lejn'iids on the tt*mp., concentration of holii., degree of aridity, 
nature of elrclrode, current strength, and potential. W. Zorn obtained only 
li\ puiiitrites (r/.u.) when using a mercury cathode ; and K. IJlsch, ammonia, with a 
eo])jier cathode. £. Muller and co workers obtained lutric oxide at the cathode 
during the I'lectrolysis of 40 per cent nitric acid cniitaiiiiiig 1 ])it cent, of nitrous 
gase.s 111 Huln. Acronling to 11. J. M. ( ’leighlon, when a soln. of nitric acid is electro- 
lyzed 111 a rell in which the anode and cathode are separated by a porous diaphragm, 
rr)iic. of the acid occurs through electrolytic decompisitmn of water, and at the same 
tiino the cone, of the acid in the anohde is increased at the expense of that in the 
rathoJytc on accoimt of tJic different migration velocities of the hydrogen and 
nitrate ions. The acid 111 the catholjdc is further reduced by reduction to nitrogen 
nxidi'S, hydroxylainine, or ammonia, according to the iialuro of the cathode metal. 
Expeiimeiila were made in which 7D-71 per rent, lutric acid was electrolyzed in a 
diajihragm cell using platinum elcetrudcs, and provision was made fur returning 
tlie gaseous nitrogen oxides fonned in the anode chamber back to the catholyte 
chamber. With a current of 6 to 8 amp^^eB and au c.m.f. of 3-0 to 6-5 volts, it was 
found possible thus to increase the cone, of acid in the anode chamber to !)9-65 
percent JINO3. 

J. Tafel found that while nitric acid is reduced only to Lydroxylamine {q,v.) by 
Hierrury or well-amalgamated electrodes, a copper cathode reduces it to ammonia 
and at the same time has no action on hydroxylamine. A. Brochot and J. Petit 
studied the electro-icductioii of nitric acid by an alternating current. T. H. Jeffery 
described the electrolysis of nitric acid with a gold anode, and obtained from the 
anode liquor crystals of auiinitric acid, HAu(N03)4,3Ha0. R, Ihlc*B observations 
on the oxidation-potential of nitric acid have been discussed in connection with 
nitrous acid (j.u.). lie found that if the cone, of the nitric acid be expressed by 
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C per cont. by vol. ; and the of the cell Ft | HNOs | ZnSO^ | Zn, by E voItSf 
the potential of HNO3 : Ft becomes : 

a . . 95-&4 76-04 57-70 3D-04 16-27 6-30 

E , 2-045 1-D9D 1-060 1-800 1-746 1-706 

Potential . 1-26 1-23 MO 1-12 0-08 0-94 

The calculations are uncertain because of the unknown nature and cone, of the 
products of the reaction. The presence of nitrous acid lowers the oxiilation 
potential which increases the rate of oxidation. A. Klemenc and K. Schollur 
measured the conduotivity of mixtures of nitrous and nitric acids ; and 
A, V. SaposchnikofE, of mixtures of sulphuric and nitric acids at 25^ and found for 
the sp. conductivity K, and sp. gr. D : 

HNU. . 100 90-31 70-69 40-67 12-64 10-66 7-80 0 per cent. 

U . 1-6100 1-6670 1-6608 1-7898 1-8807 1-8810 1-8731 1-S3MI 

K . 0-04797 0-06175 0-00502 0-07115 0-09052 0-09547 U-I0130 0-01458 

II. F. Vieweg found that air bubbled through nitric acid uf less cone, than U*0003iV 
acquires a negative charge, and if of greater cone, a positive charge (O-l^-NaNUj 
unity). H. Wild studied the electiocapillary curves of nitric ucid in different 
menstrua. S. WoanesseiiHky measured the contact potential of sola, of uitne acid 
in water and in isoamyl alcohol ; and E. Baur also used several other organic 
liquids in place of this alcohol. W. Wild measured the eleLlrocapillary action of 
nitric acid in liquid ammonia soln. 
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§ 45. The Chemical Piopertiee ol Nitric Acid 

Nitric acid has a peculiar, pungent, and not very powiTfiil smell. It is very 
corrosive and producos painful wounds on the The bum produced bv sul- 

phuric acid i.s greyish-brown, that product'll by nitric acid is bri^hi yidluw, and tliat 
produced by the mixed acids is reddihii brown with a faint yillow tinge, mo.M 
distinguishable at the margin of the bum. With luure Bc\cre Imrns, thcic is con- 
geritioii, and bullse are quickly fornieu. As pointed out liv J, R. Glauber and 

R. Boyle, nitric acid gives a bright yellow coloration with liair, wool, wooil, etc. 
Its action on organic matter is rapid. It ads by forming nitric ebterb or mtro- 
bubbtitution products. F. C. Calvert said that nitric ari<l diluted 1: 1,0^0 pre- 
\in1s the development of neither fungi nor pro! n])lasmic life. 

The electrical conductivity, the lowering of the f p., the rule of hydrulybis of 
methyl acetate, and the inversion of cane-sugar, by W. Oslwald ^ ba\e shown it 
to be one of the most ]M)Wcrful of the monobsMc acids. It is therefore very active 
chemically and it usually behaves as an oxidizing agent, and is itself reduced. 

S. Geiielin described a demonstration experiment to show the reduction of nitric 
acid to nitrous acid by zinc. The nature of the reduction products depends on the 
conditions. As previously indicated, there may be produced nitrous acid, nitrogen 
peroxide, nitric oxide, nitrous oxide, nitrogen, nnimonia, hyponitrous arid, and 
hydroxylaminc— and possibly niirohydroxyla’nnnio and, iIoN20a. W. Ostwsld 
lias expressed these remarkable results in the language of \ho ionic hypothesis, 
by assuming that the simple acid, (HO)NO^, can ionize ilN();iv:^N()2'H-UH' ; 
the hydrate, (HO)3NO5=iN02H‘'H-2OH'^NO-|-.'JOH' ; and the liydrate, 

(I10)5N^N0H'’"-|-40lI'r^N -f60H'. The elnctrification of the positive ions 

is supposed to be discharged by the reducing agent. J. J. Acworth and 
H. E Armstrong hold that the direct reduction products of nitric acid are nitrous 
acid, hy^nitrous acid, hydinxylaminc and ammonia, while nitrogen peroxide, 
nitric oxide, nitrous oxide, and nitrogen are produced by secondary reactions; 
thus, lor nitrogen peroxide, HN03-|-HN02=-'2N0{+n20 ; for nitric osidcj 
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3HN0j=2N0+HN03+Hg0 ; for nitrotiB oxide, HgNgOg^NgO-l-HgO, and 
llNO2+NH20H=Ng0+2Hj0 ; and for nitrogen, HgNgOg+ZKHgOH 
HNOg+NHgsNg+SHgO. The special conditions required 
to secure that one of these products preiluiiunatcs, have been discussed in connection 
^th the particular compounds. L, II. Milligan postulates the existence of G. Oddo’s 
nitrOKic or ftitrosonUric acid, HgNgOg — vide supra — and assumes the transient 
formation of A. Angeli’s nitrohydroxylamic acid, HgNgOj- otife infra, lie sym* 
lolizes the reduction of nitric acid : 

V. Srliviini'n's conclusions are indicatod in connection willi hydroxylaiuiue. The 
of reductions and oxidations, and of hydrations and dehydrations when nitric 
a(ui IS in contact with tlio difTcrout metals, is thus synibolizcil by E. if. Joss, whcris 
the lines direrted vertically downwards represent reductions; and horizontal 
lines, the gain or loss of water mols. ; and the redurtions due to hydrogen are 
ji^MiiiK'd 1 0 involve hydrogenations by the addition of one or more mols. of hydrogen 
1 u a mol. of the compound to be reduced : 

H^N0^-*HN0^ ^ r . \ 

1 //pW.Os ^l- 

mo/f^z/gkog 


The action of heat on the vapour and the decomposition of the soln. during 
distdlsition have already been discussed. P. Jbahani and J. W. Gatehouse said 
that juire nitric acid is not decomposed during ebullition, Imt if a trace of nilrous 
ueiil be present, decomposition occurs. The vapour of nitrie aeiil is decomposed 
when passed through a red-hot tube, forming oxygen and nitrogen peroxide, but at 
a higher temp., E, Mitscherlich showed that nitrogen and oxygen are formed. 
11. Poltger devised an apparatus for dcmonsl rating the reurtiou. A. llantzsch 
anil Jj. Wolf found that alisolute nitric acid is stiible at —40''; the BB-r") per r.ent. 
acid is unstable at 0 ^; but the 98*4 \yoT cent, acid cun be kept some days at 
moderate temp. In 1777, C. W. Scheele recorded that nitric acid of sp. gr. not 
less than 1*4 is decomposed by sunlight whereby the liquid beeoines yellow, and 
oxygen is evolved. J. L. Gay Lussac, J. Fiedler, and \V, II. A. Peake confirmed 
IhiB fact. According to M. Bertliclot, the reaction : 4 IINO 3 -iiN 204 + 2 H 20 + 02 , 
w^hich lakes place when nitric acid is exposed to light is oudothermal; and it 
does not take place in dil. soln. A soln. of s] 3 . gr. 1*365 corresponding with 
60 per cent, acid underwent no appreciable change during several weeks’ 
exposure. W. C. Reynolds and W. H. Taylor obtained evidence of a slow 
diTomposition even with 10 per cent. acid. C. F. Schdnbein observed that 
nitric acid of sp. gr. I*a35 in darkness is decom]> 08 ed at 0"' if in presence of platinum 
blaek. V. II. Veley and J. J. Manley sugg(‘sLcd that the decomposition in sunlight 

rather a decomposition of the vapour than of the liquid. P. Braham and 
J- W. Gatehouse reported ; 

Pure nitric acid placed in a full bulb, sealed, and exposed several days to sunlight, 
remained oolourleBB, and without evolution of gas ; but the same acid exposed to sunlight 
m a sealed tube only partially full was poweiiully decompoBed, yielding over 1 per cent, of 
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nilrouo aoid and a coiuddeFable amount of goa. lliiB action in sealed tubes is not con- 
tinuouB ; for when the nitrous aoid formed attains to about 2 per cent, of the quantity ol 
nitric acid proaent, all decomposation ooaaes. This dissociation by sunlight is due to the 
violet end of the spectrum, the rod end having no olTert whatever. 

This result was oonfinuod by W. C. Boynolds and W. H. Taylor, who showed that 
no decomposition occurs if the vapour be screened from light. They also found that 
M. Berthelot’s statement that the reaction is not wholly reversible is inaccurate. 
The reaction is reversible because the products of the decomposition slowly recom- 
bine in the dark. M. Berthelot was probably misled by the slowness of the reverso 
reaction. The reaction is represented: 4IIN03^2H20-|-2N204-f02i but it is 
probable that the decomposition takes place in stages involving first the production 
of nitrous acid and oxygen, and the nitrous and nitric acid then produce water and 
nitrogen peroxide. Samples of acid with 70 and 90 per cent. HNU3 remained colour- 
less if stored many wcete in sealed tubes in darkness, but the 100 per cent, acid 
remained colourless for a few weeks, while in 12 mouths, the acid was bright yellow 
and the tube had developed an oxygen press, of 9*7 atm. With the pure acid, in 
darkness, there is an induction period occupying about a month, the reaction then 
proceeds slowly, and after many months, reaches a state, of equilibriirm. The 
difference between absolute nitric acid and cone. soln. of that acid may be due to 
the presence of a trac e of nitrogen pentoxide in the vapour, since A. V. Saposchnikofi, 
and y. H. Veloy and J. J. Manley have shown tliat a ineasnrable amount of the 
pentoxide is present in the vapour over nitric acid with an excess of sulphuric 
acid. On the other hand, mixtures of equal vols. of purified nitric and Bidphiirie 
acids have been kept nine months in darkness without change of colour or the 
libeiatirm of any oxygen. M. Berthelot found that ladium rays decompose the 
acid in the same way as sunlight ilocs, 

A. F. do Fijurcroy said that hydrogen does not alicct uitric acid at ordinary 
temp., bui when hydrogtiu mixed with the vapour of the acid is transmitted through 
a red-hot tube, there are detonations attended by the foimation of nitrogen. 
M. Berthelot also showed that at ordinary temp, and at lOU'', free hydrogen does not 
decompose the acid. F. Kuklinanu found that a mixture of hydrogen and nitric 
acid vapour forms ammonia when passed through a red-hot tii]»e containing sjumgy 
platinum. The so-called nascent hydrogen, however, wiU reduce the acid, forming 
products which vary with the cone, ol the acid— We ammonia, and other lower 
oxides formed by the reduction of nitric acid. If the acid w very dilute. 
E. A. Bourgoin, and J. H. Gladstone and A. Tribe found that it is not murh aflectcMl 
l>y nascent hydrogen J. 11. Gladstone and A. Tribe, and M. N. and S. C. Banerjce 
found that the cone, acid is rapidly reduced by hydrogt ii occluded by platinum 
or palladium ; while T. E. Thorpe, and J. 11 Gladstone and A. Tribe found that 
nitrates arc reduced to anniionia by the cu])per-ziuc couple, and that reduction is 
electrolytic, for it takes place at the surface of tlic copper. Aeeording to 
C. F. Schoubcin, nitric acid which can be distilled without the foimation of nitrogen 
peroxide, gives ruddy fumes of that gas when heated in the prescncii of platinum 
black, and as indicated above this agent favours the decomposition of the acid in 
darkness. According to W. B . K. Hudgkinson and F. K. »S. fjowndes, when a smsU 
hydrogen flame- from platinum tube 9 to 10 cms. long, with a jet about 1 mm. bons 
- is lowered into a half-litre flask, contaiDiiig cone, nitric acid, and the press, so 
arraDgedthatthefiamc just touches the acid, the jet becomes h'^ated to whiteness, 
and a fine coloured conical flame extends from the neck of the flask to the liquid 
surface, and white fumes uf ammonium nitrate or nitrite cscajie. If the whitc-hut 
point of the tube be immersed under the acid, red fumes escajie as w<dl. TJio 
hydrogen continues to bum under the acid until it becomes considerably diluted. 
P. T. Austen said that hydrogen burns with au intense whitt^. flame in the vapour 
of nitric acid. H. Gall and W. Manchot said that the catalytic reduction of nitric 
acid in aq. soln. in the presence of spongy platinum yields ammonia and nitrous acid. 
If water be gradually added to the fuming acid, the reddish-brown colour chaugeft 
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to groon, then blue, and finally it beooineB ooIourlesB ; if, on the other hand, the 
fuming acid be added to water, these colours are obtained in their reverse order. 
Ij.March1ewBky considers that the concentrated reddish-brown acid contains nitrogen 
peroxide, which on the addition of water decomposes into nitrous and nitric acids, 
that the green colour is due to the presence of both nitrogen peroxide NO2, and 
nitrogen triuxide ; and that the blue acid contains the trioxide [vide siupra), 

According to H. Moinsan,^ if fluorine be passed into nitric acid, each bubble of 
gas is attended by the decomposition of acid accompanied by a flame. A. Connell 
found that if iodine be gently heated with enne. nitric acid, iodic arid is produced 
with the liberation of nitrogen peroxide. L. H. Angus and IT. M. Dawson found 
that the eilett of nitrates on the solubility of iodine in water ean be represented 
by where 8^ denotes the solubility of iodine in water alone in 

iiiillimols per KKK) grniH. ; 8, the solubility in a salt soln. containing C mots 
Ilf salt per 1000 gims. of water. For the effect of nitrates on the solubility of 
iodine in l-SAT-HNO., in place of water, /? and in 27iV-lIN0],, 

A. W. Hofmann confirmed this observation— Wde iodic acid 
(2. 19, 11). For the art ion of hydrochloric acid on nitric acid, in/ra, 
aqua regia. G. Gore, aurl 0. Huff and K. Blauber investigated the action 
of mine arid on hydrofluoric add, but oblainiMl no nitrosyl fluoride (g.r.). 
P. T. Aiibtrn said that hydrogen chloride does not reaet with the vapour of nitric 
arnl. (\ F. Keliuiibein found that hydrogen bromide ileeomposes cone, nitric 
arid at 0®, forming bromine, nitrogen jieroxide, ami water, uml if the soln. be diluted 
witli an cxeesH of water, the original substances are reprodmed. P. T. Austen said 
that hydrogen bromide is only slightly decoiuposed by the vapour of nitric acid. 
A. W. Hofinanij deseribed tbi' action of nitric aeirl on hydro^n iodide whereby 
nitric oxide, iodine, anil water are formed; with the fuming acid, each bubble of 
hydrogen iodide piodui-es a red llaiiie with the sejiaratiou of iodine ; P. T. Austen 
also found that hydrogen iodide reacts with the vapour of nitric acid liberating 
iiirline. A. Eckstiidt found tliat in dil. soln. hydriodic add reduces nitric acid to 


nitrous acid. R. Imther and N. Hchiloll lepresentcd the reartion with nitric 
aeul, zinc, and hydriodic acid, llN0j+iiu=Zn0+IlN02, and 2HNO2+2HI 
In I 2NG+2IT0O, as an induced or a coupled reaction, where nitric acid is the 
actor, zinc the inductor, and hydriodic acid the acceptor. The coupled reactions 
■ire linked by an niter mediate stage of the actor, whirh, in the second stage, and 


M) far as it itself is iMneeriied, reacts in a similar manner with the acceptor. In 
the electrolysih of an acid soln. of a nitrate, the current acts as the inductor, 
IlNOs+fi— HNt)2, and the process was therefore colled electrolytic wdiiclioiL 
Nitric acid transforms sulphur into sulphuric acid, and this the morn readily 
the more finely divided the element. According to R. Bunsen,^ finely-divided 
sulphur as it separates from the metal sulphides by treatment with acids, may be 
easily and compicti'ly oxidized by the action of none, nitric acid on a water-bath ; 
with boiling nitric acid of sp. gr. 1*42, the purtinlcs of sulphur melt, aud coalesce 
into drops, which are oxidized but slowly. J. J. Berzelius found that selenium is 
converted into the dioxide when warmed with nitrie acid ; and D. Klein and J. Morel 
showed that finely-divided tdlurium is attacked by nitric acid of sp. gr. 1-25, at 
- 1 1®, when the soln. is diluted with water, tellurous anhydride is deposited, 
or, at a low temp., tellurous add, and a basic tellurous mtrate in soln. A. Vogel, 
Aud N. A. E. Millon found that nitric acid freed from nitrogen peroxide is not 
decomposed by hydrogm sulphide at ordinary temp. Similarly, R. Kemper passed 
hydrogen sulphide into nitric acid of sp. gr. 1 *1 8 without decomposition ; if the acid 
roniains a trace of nitrogen peroxide, aequinul by standing in air, there is a reaction 
25®, and sulphur, sulphuric acid, nitric oxide, nitrogen, and ammonia are formed 
F. W. Johnston, aud C. liccontc also noticed that ordinary dil. nitric acid is 
reduced by hydrogen sulphide, forming sulphur, ammonium sulphate, nitric oxide, 
i^nd free sulplniric acid, II the cone, acid be poured into a jar of hydrogen sulphide, 
s blue flame develops at the mouth of the jar in a few seconds, and there is a slight 
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noiBc. Red fumoB appear, and the hydrogen and part of the snlphiu are ozidijEcdi 
and some sulphui separates in the tree state. F. T. Austen also observed that 
hydrogen sulphide bums with a yellow flame in the vapour of nitric acid, forming 
clouds of nitrosulphonic acid. J. Kesbel observed that the reaction with fuming 
nitric acid is sometimes accompanied by an explosion. A. W. Hofmann observed 
that fuming nitric acid reacts with incandescence with hydrogen sulphide, and 
with bydrogenseleiude. According to 8. L. Dana, if dil. nitric acid be repeatedly 
saturated with solphur dioxide, sulphuric at id is formed. According to R. Weber, 
nitric acid is not reduced by sulphur dioxide so readily as is nitrous acid. If one vol. 
of nitric acid, sp. gr. 1-4, be boiled with 5 vols. of sulphurous odd, nitrous and nitne 
oxides are formed ; if less W'ater be used, much mine oxide is given off before the 
liquid boils. The reduction of nitric acid occurs more readily in the presence of 
sulphuric acid. If nitric arid be sufficiently dilute not lo be attacked by sulphur 
dioxide, it is attacked if &ul])hunc acid be present. The leaetion occurs iii different 
ways dependent on the rone, of the and. Thus, if sulphur iboxide be passed into 
a mixture of Bulphiirie and with 10 per cent, of ccmc. nitric acid, and the mixture be 
allowed to stand for 24 Lrs , crystals of nitroi yl sulphonic acid are formed. If the 
crystals arc dis&olved, and more sulphur dioxide be introduced, the sohi acquires 
a dark violet colour, which is retained in an atm. of sul]diiir dioxide. The solu. 
contains a mixture of nitrous and sulphurous ands. When a mixture of iiilnc 
arid and sulphuric and of sp. gr. at least 1-31. is treated with sulphur dioxidi\ 
nitric oxide is forme J. If 3<) c c. of sulphuric and of sp. gr 1-31)6 be iiuxi'd with 
5 to 6 c.c. of nitric acid of sp. gr. 1-25, and trratJMl wilb .sulphur dioxide, in tlie ooM. 
nitric oxide is given oil as the solii. becomes green, ^^lth more cone sulpliuric 
acid, say sp gr. 1*44 to l'4!jr), the mixluro brromes blue ; with sulphuric acid of 
sp. gr. 1-D3, grass-green to yellowish-green; and with the acid of sp. gr. 1*63, 
yellow or colourless. F. Sestini obsi'rvcd that if liquid sulphur dioxirle be treated 
with the hydrate of nitric and, red vapours and crystals of nitnixyl'^nlplionic aciil 
are formed, which disappear \nth an exeess of buJjdnir dioxide. The liquid then 
becomes violet. D. Klein anil J. Morel found that Lot iiitnr and of sp. gr. 1-35 
dissolves teUurium diozidev fonmng a soln. of basic Irllunum nitrate. The 
dehydrating influenee of sulphoric acidon nitiic acid, and the physical properties 
of the imxed acids, have already been discussed. 

r. T. Austen ^ found tliai ammonia hums with a yellow flame if it issues from a 
fine jet into the vapour of nitric acid, and is igmted ; he also found that the vapour 
of nitric acid does not siqqiOTt the combustion of nitrous oxide, hut dense fumes of 
ammonium nitrate may be formed. Nitric acid absorbs nitric oxide more copiously, 
the more cone, the acid, and the lower the temp. J. Priestley observed that when 
the cone, acid absorbs nitric oxide, its colour becomes first yellow, then orange, then 
olive-green, light green, and lastly, grcenish-blue. The vol. of the acid inereasos 
during the absorption, and red fumes of nitrogen peroxide arc formed. According 
to L. J. Thenard, nitric acid of sp. gr. M 15 absorbs but little nitric oxide at oidinar}' 
temp., and remains colourless ; an acid of sp. gr. 1*32 becomes green ; and acid of 
sp. gr. 1‘41, orange ; and one of sp. gr. 1-5, becomes dark red, and evolves nitrogen 
peroxide when heated. J. Fritzscho found that dil. nitric acid (1 ; 5), say 
HNOg : 2 H 2 O, at 0° forms a blue liquid when treated with nitric oxide, and the 
liquid furnishes nitrous acid when distilled, if a more cone, acid be us^^, the liquid 
is yellow and it contains nitrogen peroxide. V. H. Veley showed that the reaclion 
2N04HN08fIl20^3HNt)2 is reversible; and A. V. Saposchnikoff investigat<‘d 
the reaction in some detail— inWe supra, nitrous acid, and vide infra, nitratosul- 
phuric acid. For the action of uitEOgBU peroxide, vide supra. A. A. Kasaneeff 
studied the effect of the acid on the solubility of some nitrates. 

According to C. Wittstock,^ when nitric acid, of sp. gr. 1*2, is warmed with pho9' 
idioras, nitrous and nitric oxides and a small quantity of free nitrogen are evolved, 
while phospli orus and phosphoric acids are formed. L. Omclin said that no nitrous 
oxide is here produced ; and Watson, a colourless gas either nitrogen or in moat 
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rases nitrous ozido is produced. L. A. Buchner said that no ammonia is formed 
during ibis reaction ; hut J. Personne found that amniouia is always produced 
when phosphorus is treated with cone, or dil. (1 : 2) nitric acid. E. J. Maumond 
iihtaincd a similar result; and 0. Montemartini showed that with an excess of 
[7'3, 28*3, and 68 per cent, nitric arid, at IS"' to 14", the disholution of one gram of 
l)IiOHi)horuB causes the production of 0-0739, 0-0824, and 0-0095 grm. of aiiiinonia 
ri*H]UHJlively. 0. F. Bchoubein observed that cone, nitric arid cflerveBceB violently 
with phosphoruB at ordinary tem]i., and the action increasPB in viohmee until it 
n^arhes the ignition temp, of the pli08])hiiTUS, which then burns in tlie acid vapours 
with great Bplwidour. According to L. V. linignatelll, paper moistened with uitric 
and and laid on a ilat piece of phosphorus detonates wlien struck by a hauiiner. 
A. Sehrnlter said that red phosphorus is more easily oxidized by nitric acid than 
yellow phos]ihoruB ; and J. Jloescken observed the formation of about equal parts 
of y)hns|)horir and hyyioiihospliorie acids when rod phosphorus is boiled with nitric 
and f)f sp. gr. 1-25. A. Sieiiiciis found that pliosphoiua pmloxldc is produn‘d when 
a holii. of yellow phosphorus in benzene is treated with dil. nitric and, and the 
solvf lit volatilized ; w'ltli rod phosphorus, the reartion is more eomjilex. 
V. T. Austen said that plio^plionis iiiflamch in the vapour of nitric acid, and bums 
uith an iiiti-iihc vrhite light. T. Uruhaui founrl that phosphine is violently decom- 
d by rone, nitric and ; and, added A. W. Hofmann, w'hen a gLiss rod dipped 
in fuming nitiic acid is held over the water from which phuspliiiie, which is not 
hporilaiieoudy in(laiuTiiabl(‘, is bubbling, each bubble uf gas coniuig in contact with 
1 III- ]))ir)&pJiiue niiises inlluiiirnation. Warm fuming uhiie arid drupped in a cylinder 
of the same gas pioduees a di-tonation. 11. Davy found that phosphorous acid is 
oxidized by nitric aeiil to phosphoiic acid. 11. Ruse said that phosphoric OXide 
dissolves in dil, nitric arid more rapidly than phosydiorua itbolf, whde J. Pclouze 
found that cone, nitric acid inliaines phoh])liorie oxide. 

N. A E. Milloii 7 found that nitric arid, if free from nitrous acid, dues not act on 
arsenic or antimony at 20"^— only the most cone, acid acts slightly on antimony 
willjoiil effervesrenre. According to J. L. Proust, 'when cone, nitric arid is poured 
on melt<*d bismuth, the imiul become iucan descent. N. A. E. Slillon sliow**il that 
hisirnitli retains its metallic lustre ut 20' in dihydrated nitric arid free from nitrous 
ai 111 ; and that bismuth is rapidly disMilvcd in acid with 4 to 1*5 mnls of water, but 
is not attui ked by an arid of sj). gr, J -108. fn (he hitter case the reaeiion is started 
hy riiihing the temp., or liy passing in a cuirent of nitric oxide, but it can be again 
arrested by cooling nr by tlie addition of ferrous hiilpliate- -ndr arsenic, antimony, 
and irusiniith. C. W. Vx. Nylander found that with arsenic triozide, and warm 
iiituc !i(id of H]). gr. 1-38, nitrogen jieiuxide is evolved; and, added N. Bunge, if 
the acid is less cone, nitric oxide is foimed. C. W. Jlascnbacli said that nitrogen 
jieroxide alone is formed with an acid of sp, gr. 1*5 ; and with an acid of sj), gr. 
1 '38 to J -10, a dark green mixture of nitrous acid aiifl nit rogeii peroxide is produced. 
Ohn-rvatiuns on this sulrject were made by A. Geuther, 0. N. AVitt, and G. Lunge — 
vhh snprn, nitrogen trioxide. A. Klemenc ami E. Schuller studied tlie reaction 
iisAsOj-l HN03^H3AsO4H-HN0a. They assume that tlie oxidation occurs 
through the formation of what they called E-iiitne acid, II2N3O3 — vidr rn/ru— and 
that there is the cycle of cliangcs H3ARO3+HoN;j0aF^H2AR04+lIjN307 ; and 
H3N307+HN03?=iH2N30H+HN02. The latter reaction is strongly catalyzed by 
mercury ions. A. Klemenc and F. Poliak found that 10'® mul of mercuric nitrate 
per litre slows down the velocity of oxidation- -tu'rfc arsenic arid, and arsenic 
Hulphicie H. Wurtz found that arsenic trichloride is converted into arsenic acid 
hy nitric acid, while antimony trichloride is converted ineom})letc]y and with 
dilHculty into aiitimonic acirl—the reaction was studied by S. Si'ldcsinger, 

L. CuriuB,® A. Scott, R. J. Friawell, W. Luzi, and others have studied the action 
of nitric acid on cubon and graphite — vtdc 6. 39, 11. L. Ik Parks and 1’. U. Bait- 
It*tt studied tin* adsorption of nitric acid by rhareoal ; and N. Bchiloff and S. Pewsner 
the adsorption force between charcoal and nitric acid. M- J- M. Creighton and 
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W. H. Ogden found that in the ezploaivo disintegration of cailon anodes in 
nitric acid, the gas evolved is mainly air ; the fragments are sometimes covered with 
minute yellow crystals ; and it is suggested that the disintegration is caused by the 
formation and decomposition of graphitic acid. Ignited charcoal bums vividly in 
contact with cone, nitric acid, but the diamond is not oxidized by boiling nitric 
acid. C. F. Schonbein said that powdered carbon decomposes conr. nitric acid in 
the cold with the evolution of carbon dioxide and nitrogen peroxide. Glowing 
carbon was found by F. T. Austen to bum in the vajiour of nitric acid, and 
F. C. 6. Muller found the products of combustion of charcoal in nitric arid vapour 
over 1000° wore 52-2-57-2 per cent. CIO^ ; 13-3-1 4*7, CO ; 3-4-4'6, H2 ; 24-9-2fi-7, 
N2 ; and some ammonia. M. Dubinin studied the adsorption of nitric acid by 
charcoal. K. J. F. Orton and F. V. McEio found tliat acetylene is readily 
absorbed by nitric acid, and with fuming nitric acid carbon dioxide and trinitro 
methane are produci‘il. The reaction is accelerated by the presence of merenry 
salts. A. Baschieri, and G. Testoni and L. Mascarelli obtained a number of 
roni])lox substances. F. V. McKie repiesentt^d the course of the reaction : OH ; PH 
->( ’ll(OH) ; CH(N()2)-»PH(()II)2.PH(N02)ji->CH(NO2).rHO-»0H(N02)z.COOII 
->tH2(N02)2->0(N03)2:N.OII-»CH(N02)s. P. V. McKic observed a similar 
reaction with ethylene, and she obtained j3-nitroethyl alcohol among the inter- 
mediate products. The course of the reaction is assumed to be : Pif.) : OH2 
PHalOH) : CH2(N02) CH2(N02).CH0 ^ lW2(N()o).C00H PH3.NO2 

-»Pn(N02) : N.OH -> CIl2(N02)2 -» OlNOglg : NOII Pff (NO.,)^ Nitric acid 

reacts with numerous organic oompounda, forming nitro-dorivativcs ; and with 
alcohola, it produces esters. R. Schcidcwiud removed nitric acid from soln. in 
certain analytical work by adding alcohol from time to time to the boiling 
soln. N. SchiloQ and co-workers studied the partition of nitric acid between 
alcohol and water. Nitric acid is quite soluble in ether, so that the acid 
can be extracted from its aq. soln. by this solvent. C. Tanret, P. N. FavIniT, 
A. Elemenc. and R. Scholler, and F. Bogdan measured the jiartition coei!. of nitric 
acid between water and ether at 25"^. They found that the nitration of organic 
substances in water and ether soln. proceeds only in the presence of oxides of nitrogen 
with the nitrogen having a lower valpiicy than hve, and is accompanied by oxidation 
so that the action is autocatalylic. The velocity of nitration varies with the two- 
thirds power of the cone, of the nitric acid. It is suggested that what they call 
^-nitric acid, HgNgOe is formed 2I1N03-|-N02^H2N20 b, as an intermediate com- 
pound — vide supra et infra, arsimioiis acid, and the metals. Expressing the 
concentration of the soln. in mols per litre, P. Bogdan found ; 

Aq. phase . 0 02462 0-02760 0-04749 0-09005 0-2644 0-4811 0-678 50-9145 

Filler phase . O OaLHQ 0-0,290 0-0,641 0-0,181 0-0,691 0-0278 0-0378 0-0855 

He also observed that the solubility of water iu ether is influenced by the presence 
of nitric acid in dil. soln. The mol. elevation of the b.p. of ether produced 
by nitric acid is not independent of the cone. The conductivities of soln. 
of nitric acid in water saturated with ether show that the degrees of ioniza- 
tion calculated from them are in agreement with the dilation law, ami 
the calculated ionization constant, at 25°, is 1’39. Assuming that mass law 
is true for the ionization of nitric acid in the ether soln., the coofi. of partition 
of the non-ionized part of the nitric acid is water: ether^3‘9. According to 
A. Quartaroli, the reaction between anhydrous tormic add and nitrates is really 
a process of autocatalysis in which nitrogen trioxide is the positive catalyst. Until 
a trace of this substance has been fonued, the velocity of the reaction is very small, 
but the nitrogen trioxidc cannot accumulate iii quantity, because it also reacts witli 
formic acid. In agreement witli this view it is found that oxidizing agents, trans* 
forming the nitrogen trioxide into nitric acid, act as negative catalysts. Traoeh 
of potassium chlorate, hydrogen dioxide, potraium permanganate, or carbamide 
hinder the reaction or prevent it entirely, eo that there resiUts the paradox that 



KITBOQEN 


589 


ozidinng agents may prevent oxidation. Nitrates arc reduced by quickly warming 
thpm with formic acid: 2KN08+6HC00H^4n02+5n204 2 IIOOOK+N 2 O, the 
reaction is quantitative and can be used for quantitative determinations ; the 
reaction is also a convenient method of preparing nitrous oxide free from other 
nitrogen oxides provided the heating be rapid until the first bubbles appear. If the 
initial warming be slow, the soln. becomes blue and red fumes ajjpear FormaldebydS 
can be used in the preparation of fuming nitric acid. When paraformaldehyde is 
added to nitric acid, nitric oxide, NO, is evolved even in the cold. By gently heating 
and conducting the escaping gases with nitric acid, the fuming acid is obtained. 
F. 0. nice emphasized the parallel behaviour in the nitration rrf phenol by nitric 
iic*id, and the action of metals on that acid. With dil. nitric acid, 25 per cent, of the 
acid may bo reduced to nitrous oxide and nitrogen during the nil ration of plnmol ; 
and by keeping the temp, below 100°, much of the reduction of the acid to lower 
oxides can be avoided. K. H. Meyer and co-workcrs, and A. Klcmcnc and E. Ekl 
studied the action of nitric acid on phenol and on aryl-compounds. The action of 
nitric acid on metals in likened by N. R. Dhar to the action of the acid on orgauic 
(ompoimdfl like sugar, starch, etc. Here, as shown by A. Naumami, the 
ii'di'tioii, os ill tile conversion of sugar to oxalic acid, is accelorated by vanadium 
ju*nloxidi', as well as by SDilium nitrate, and mangaLf*se salts, whereas molybdic 
aeiil and silver salts retard the action. 0. Warburg studied the reduction of nitric 
acid in the cells of the ChloreUa mlgairiSi in light and in darkness ; and 8. G. Mok- 
lUhcliin, the adsorption of the acid by filter paper. C. M. Faber and co-workers 
studied the adsorption of nitric acid by colloidal silica (q.v .) ; and N. R. Dhar, the 
iiiduci^d reaction involving the effect of nitric acid on the reduction of mercuric 
I hlitrido by oxalic acid. For the reducing action of titonous salts, vide infra. 

lu J6G3, R. Boyle ^ noticed that many metals remain inert towards cone, nitric 
ucid, but are readily attacked by the dil. acid. This observation was confirmed in 
1GS5 by J. Bohn, by J. Woodhouse in 1799, and by J. Keir in 1790. According to 
J. L. Proust, during the attack of the metals by nitric arid, oxygen is transferred to 
the metal with thr evolution of heat. The action is slow at first, but becomes 
arcoleiatrd, and sometimes ends in actual combustion or incandescence such as 
occurs when coiic. nitric acid is poured on heated iron filings, or on melted bismuth, 
tin, or zinc. N. A. E. Millon's memoir: Recherches sur Vacide nitriqne. is one of 
the most importaut^/dr 3. 21, 6— -he demonstrated that nitric acid of whatever 


cuniientration does not attack many metals ; the reaction occurs only when a 
trace of free nitrous arid is present. This important result was confirmed by 
y. H. Velcy, W. J, Russoll, S, W. Young and B. M. Hogg, etc. V, II. Veley 
inferred from his obsen^ations that (i) the primary change is that between the 
metals and nitrous acid ; (ii) no gas is evolved at first from tbe surface of the 
niptal ; (iii) the amount of nitrous acid incrcascB up to a constant and maximum 
proportion ; and (iv) those conditions which increase the amount of metal dissolved 
per unit time, are equally those conditions which increase this constant proportion 
of nitrous acid. If then a trace of nitrous acid becomes once formed, and if, also, 
the quantity of nitric acid is present in very considerable exces^i, it would appear that 
these rcsulte may be explained as follows : (i) the metal dissolves in nitrous acid 
to ftttni the metallic nitrite and nitric oxide ; (ii) the nitrite formed decomposed 
by the excoM of nitric acid to reproduce the nitrous acid ; and (iii) the nitric oxide 
formed in (i) is not evolved as sueh, but reduces the nitric add or the nitrate to 
proiiucc a further quantity of nitrous acid. These changes may be present ed thus, 
™PPw for example: (i) Cu+4HNO2-0u(N02)2+21l2O-|-2i\O ; (ii) 
^ »i(N02)2+2HN0a-Cu(N08)2+2HN02 ; (in) 2NO l-HNOa+HgO -SHNOa- 
J* Burch and V. H. Veley found that when tho metals, copper, silver, bismuth, 
and mercury are introduced into purified nitric acid of varying degrees of concontra- 
lon, and a couple made with platinum, the electromotive force of such a cell 
ucreases considerably until it reaches a constant and (in most cases) a maximum 
O'lUB, This rise of dectromotive force is attributed to the production of nitrous 
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acid by the decomposition of the nitric acid, and the final value is considered to be 
dae to the former acid only, while the initiGLl value is due for the most parfc to the 
latter acid, though it is aficctod to a remarkable degree by the amount of impurity 
of nitrous acid either initially present or produced by minute and unavoidable 
uncleanlincss of the metallic strips and the containing vessel. If nitrous acid has 
been previously added to the nitric acid, then the maximum electromotive force is 
reached at once. If the conditions, namely, increase of temp., impurity, and of 
concentration of acid, are such as could favour a more rapid production of nitrous 
acid, then the rise of eli'ctromotive force is concomitantly more rapid. Conversely, 
if the conditions arc unfavourable to the production of nitrous acid, the rise of 
electromotive force is less rapid. If any substance, such as urea, be added, which 
would tend to destroy the nitrous acid as fast as it may be formed, then the rise of 
electromotive force is extremely slow, being dependent upon the number of molecular 
impacts of nitrous acid ujmn the surface of the metal. Thus the results obtained 
by the electromct er and by the chemical balance are in every way confirmatory, the 
one of the other. 11. ILlc did not agree with these conclusions. If the rate of 
increase in the c.m.f. depends solely on the number of nitrous acid mols. formed from 
the nitric arid, the maximum c.m.f. finally attained should be greater the greater 
the cone, of the nitrous acid in the nitric acid. The opposite of this is true, and to 
g<*t over the diflicully, 0. J. Burch and V. H. Veley assumed that the rrarly-ft»rraed 
nitric acid is not so active as nitrous acid in the pr >c*esB of formation and dtvompo&i 
tion. W. D. Bancroft added that the assumption that the metal dissolves to mtriti' 
has no weight because the addition of nitrous acid to Grove’s cell, or Smee’s cell- 
1. 16, 5— “increasOb the depolarizing action of the nitric acid, but nn metal dihsolve^ 
in the nitric add soln. and consequently there is no formation of nitrite'. According 
toRlhlc: 

If ono dilutes tho cone, nitric acid in the Grovo cell gradually and monauros tlio e.m f 
of the cell at the BOinp tinio, on« iiudH tliut the e.m f. rf«nuuna neaily constant until llip cone 
of tho lutnc acid dropa to about !18 por cent. At blightl> lower cone, the coll hIiowh. lliouch 
at lirst only tor a very hhort time, a changed and mum Binaller o in.f. thou llio 1 8 volt 
clmroctpribtic of the Giove cell ; it corresponds rather to tho 1) 7 volt of tho Since coll. Jf 
one dilut^^s the nitric acid more and more, the time dunne: which tho coll stays at the lower 
potential increases until at a nitne acid content ol U7-28 [ifT cent, tho dPTiiont keeps the 
low e.nj.f. of the Sineo ^ell iM^miiiiientiy. Just as ono i-an make ihl. nitric acid active as 
a dopolarisMT by means of mtrous acid, so one can also runiovo tho depolarizing powci ot 
cone nitric acid containing more than 38 per ennt. llNn 3 , by removing ciJUtiiiUDusiy the 
small amount of nitrous acid wldch is always present in so strong nitric acid by incan^ 
of urea or potiis^iuiu pormanganate and tan tliorchy convert a Grove cell into ii Snioo cell 
With very cone, acid containing 50-60 per cent. HJSO,, tlio convorbion is only toiiiporari 
bocauKo more nitrous acid forms soon P'rom this it follows that mtrous acid w the iciil 
depolarizer in the Grove coll and not nitric acid as is usually assumed, or at any rate, that it 
is only in prcbcnco of nitrous acid that the oxygon of tho nitric acid reacts v ith hydrogen but 
five eloc-tiriljtically at the plutmiim. Thn question arises as to how this action takes plure, 
and it seems probable that we are dealing with a cose of catalysis. Nitrous acid plays the 
part of a eatalyzxtr hero jubt as it does in other cases, sucli as the action of nitno and on 
metals studied by V. JI. Voley. 

The cone, of the nitrous acid does not increase when a soln. of nitric acid is 
electrolyzed, even in cases where there is no evolution of gas. If nitric acid wore the 
depolarizer it sliould be almost entirely removed before the nitrous acid is attacked. 
In order to explain the removal of nitrous acid, W. D. Bancroft inferred that there is 
a reversible reaction in which there is a state of dynamic eqiiilil^rium, HNOb-I HNO 2 
i^Ng04(or 2N02)+H20, bo that nitric acid is continually changing to nitrogen 
peroxide, and being formed therefrom. During the moments of change, the nitric 
acid, the nitrogen atom, or some radical containing nitrogen and oxygen must be 
in a difierent state from what it would be if no nitrous acid were present and if tliis 
reaction were not taking place. The particular intermediate stage involved in this 
reaction presumably permits more rapid reaction with nascent hyc&ogen. E. J. J css 
inferred that the activation of tho nitric acid depends on tho formation of 
nitrosic acid [q.v ) os an intennediato product in the state of d 3 mamic equihbriuin : 
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fIN08+HN02^H2N205?^2N02+H20. NitiouB acid is n it tliG actual depolarizer, 
but it acts as a catalytic agent making tlie nitric acid active ; the real depolarizer 
in the action of nitric acid on metals is nitrosic, not nitrous, acid. 

Details of the various observaiions of the action of nitric acid on the metals are 
discussed in connection with the individual elements. The more important memoirs 
are those of V. H. Ycleyj C. Moiitrjuartini, E. Divers, H. E, Armstrong and 
J. J. Ac worth, E. J. Joss, W. D. Bancroft, 6. 0 . Higlcy and co-workers, and 
J. L. Schonn. £. C. Bancrji and N. U. Dhar studied the action of nitric acid on 
metals in the presence of ^Derent salts. Ferrous salts acted as catalysts by pro- 
ducing nitrous acid in a reaction with nitric acid ; ferric salts also acted as catalysts 
by bring reduced to ferrous salts by the metal. Oxidizing agents Lkc potassium 
pi'rmanganato and chlorate act as negative caialysis by hmdering the formation 
uf nitious acid. The dissolution of a 1 : 1 mckel-coppor alloy is periodic because a 
period of activity is followed by one of no activity, and that again by one of activity, 
and so on, continuously alirrnatiug in sequence. This •pvlBtiimg aci\jon was dis- 
cussed by M. Faraday, C. F. Sebonbem, A. Mousaon, L. Omclin, etc. 

The earliest view of the reaction between nitric acid and the metals assumed that 
the metals are first oxidized by the acid— fAe oxidation theory. Thus, L. Qmelin 
said that the portion of the nitiir acid which oxidizes the metal is sometimes con- 
ViTbed into nitrogen peroxide, sometimes into nitric oxide, or into mtious oxide, 
or nitrogen gas ; and, if the metal at the same time deromposcs watei, tbe liydrugen 
of the watir combining with the nitrogen of the acid forms amuioma. As 
N A. E. Millon has shown, the oxidation of the metal usually occurs only when 
nitrous acid is present ; because, although nitrous acid contains less oxygen than 
jiitiic acid, it parts with that element more readily because its afiinity for water is 
less than that of nitric acid. J. F. Norris, and J. L. IIowc favour the oxidation 
theory. The theory was advocated by N. K. Dhar, who compared that action of 
nitiic aeid on metals with that uf the pirsnlphates on the metals. This theory is 
viitually the phlogiston hypothesis of C. W. Seheele translated into the language of 
the antiphlogistic theory. 

Another hypothesis the hydrogen theory— asanmea that a nitrate of the metal 
and nascent hydrogen are first formed. The nascent hydrogen is then supposed to 
1 educe the nibnc acid to nitrous acid, etc. J. J. Aeworth expresses the idea in tliis 
funii : The action of the metal consists simply in the ilisplaccment of the hydrogen 
uf the aeid and the formation of the com^sponding nitrate in the manner expressed 
by the equation; M-|“211N03"'-Al(N0j)2H 2 H. In no cireumstances, however, 
IS the hydrogen thus displaced evoh^ed as such. It at once acts on the free acid 
present, or on the metal nitrate which has been formed, rodueing it more or less 
comjdetely to nitrous acid, hypoiiitrous acid, hydroxylamine, and ammonia ; while 
the nitrogen peroxide, nitric oxide, nitrous oxide, and mtrogen are formed by 
secondary reactions. This view of the reaction agrees with that of W. D. Bancroft. 

The products formed by the action of metals, and metal salts on nitric aeid involve 
reduction, or hydrogenation, dehydration, and hydration processes as previously 
indicated — also cf. the individual elements. C. L. Bloxam found that with sodium 
hydrogen is evolved. The formation of mlrogen peroxide was observed by 
J- J. Aeworth, n. E. Armstrong and J, J. Acwortii, P, C. Freer and G. 0. Higley, 
C. Montemartini, etc., by the action of many metals — e.g. copper, zinc, cadmium, 
mercury, antimony, bismuth, molybdenum, iron, cobalt, and nickel ; and L. H. Mil- 
ligan and G. R, Gillette, by the action of siaimous chloride on nitric acid. The 
mtrouB acid or nitrite is probably formed by direct reduction, and by the action 
of hydioxylamine. The nilrous acid reacts with nitric acid to form nitrogen 
peroxide : HN03-|-IIN02-=2N02H-H20. As indicated above, E. J. Joss assumed 
^at nilrosic acid, H2N2O5 (y.v.). represents an intermediate stage in the process : 
HN 08+HN02;riH2N205F^2N O2+H2O. C. Kippenbergor, A. van Bijlert, J. Taf el, 
1 • C. Ray, and C. Montemartini observed the production of nUriJlea—^r nilrogen 
fticxide — ^in the reduction of nitric acid by magnesium, zinc, cadmium, mercury, 
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aluniinium, lead, antimony, bismuth, molybdenum, manganese, cobalt, and nickel. 
J J. Acworth, U. E. Aimstiong and J. J. Acworth, P. G. Freer and Q. 0 . Higley, 
C. Monteinartini, A. van Bijlcri, A. Fleiiiohl, N. A. E. Millon, F. Euhlmann, etc., 
observed 7 iifric oxide to be formed by the reducing action of cop])er, silver, zinc, 
cadmium, tin, antimony, bismuth, molybdenum, iron, cobalt, and nickel ; and 
L, D. Milligan and G. R. Gillette, by the action of ferrous and stannous chlorides on 
nitric acid. The nitric oidde is derived from the nitrous acid : 3HN02=2NO-fH2O 
f HNO3 ; and from the ephemeral nitrohydroxylamic arid : IT2N203=2N0+I]20. 
J. J. Acworth, H. E. Armstrong and J. J. Acworth, C. Montrmartini, etc., observed 
nitrous oxide among the products of the action of copper, zinc, cadmium, cobalt, 
and nickel on nitric acid. J. J. Acworth observed no nitrous oxide with silver. 
L. H. Milligan and G. B. Gillette obtained nitrous oxide by the action of stannous 
chloride. Nitrous oxide is formed by the dehydration of h}^onitTous acid: 
H2N202=H20+N.>0, or by the interaction of nitrous acid and hydroxylamino : 
HNO2+NU2OH--N2O+2H2O ; or2HN03+4NH20H=3N20+71l20. U. Monte- 
martini foimd hypomfriies among the products of the action of zinc, cadmium, 
cobalt, and nickel on nitric acid. Hypomtrous acid is formed by direct reduction ; 
J. J. Acworth, 11 . £. Armstrong and J. J. Acworth, H. St. C. Devillo, A. von Bijlert, 
A. Pleischl, 0 . Moiitemartini, etc., obtained nitrogen among the products of the action 
of copper, silver, zinc, cadmium, tin, cobalt, and nickel on nitric acid. L. Tl. Mil- 
ligan and G. R. Gillette also observed that some nitrogen is formed when nitric acid 
is reduced by stannic chloride. It is probable that the nitrogen is not formed by 
the interaction of nitrous acid and ammonia, smee nitrogen is produced when there 
is nothing to show that any ammonia is formed. As observed by G. Oesterheld, it 
may be formed by the interaction of hyponitrous acid and hydroxylamine : 
H2N2024-2NH20II—-2N2+4H20 ; and, according to M. Berthelot and J. Ogier, 
A. Ihantzbch and L. Kaufmnn, and P. 0 . Kay and A. C. Gaiiguh, by the r( uciion : 
6H2N202=4H20+2HN03+4N2. E. Divers, C. Montcmarlini, and 0 . Kippenberger 
found that hydroxylamine is a product of the action of mtric acid on magnesium, 
zinc, cadmium, aluminium, tin, and manganese — 0 . Montemartini, and A. van Bijiert 
observed none with zinc, and J . Tafel, none with copper, 01 mcicury . J. A. AVilkin- 
Bon showed that if the cone, of the mercury ions be kept low, then hydiozylamine 
is formed. E. J. Maumene, 0 , von Dumreicher, and L. 11 . Milligan ami G . 11 . Gillette 
observed hydroxylamine to be a product of the action of stannous chloride on nitric 
acid ; and L. H. Milligan and G. Jl. GillcUe, of titanous chloride. Hydroxylamine 
is probably produced by direct reduction ; so also with ammonia: HN03-^1IN02 
->H2N202->NH20H->NH3. T. £. Thorpe, and J. H. Gladstone and A. Tribe 
observ^ that the copper-zinc couple will reduce nitrates to ammonia ; and £. Divers 
divided the metals into two classes : (i) those like copper, silver, mercury, aurl 
bismuth which formed neither ammonia nor hydroxylamine ; and (ii) those which 
produce hydroxylamine or ammonia. Ammonia was observed with magnesium, 
zinc, cadmium, aluminium, tin, lead, iron, and sodium amalgam. P. 0 . ^eer and 
G. 0 . Higley also observed ammonia with iron ; W. Smith, with aluminium ; 
C. Muiiteinariini, with lead; A. Pleisclil, with tin ; F. Kuhlmann, with zinc; and 
J. W. Tuirentine, and E. J. JobS, with nitrates and copper in the presence of sulphuric 
acid. J. Tafel obtained no ammunia with mercury or copper ; and G. 0. Higley 
found none in the products of the reaction with lead and nitric acid, but E. Divers 
obtained ammonia, and E. J. Joss said that the reason ammonia is not always 
obtained, is because the secondary reaction by which an intermediate product 
decomposes to give nitrous oxide, is catalyzed by lead ions, until it predominates 
over the direct reduction. J. B. Kiniiear obteoned a quantitative reduction of 
nitrates to ammonia by sulphuric acid and zinc. This shows that the reduclion 
potentials of zinc and lead suificc to reduce nitric acid to the ammonia stage. 
C. Kippenberger observed that dil. soln. of nitrates ore reduced to ammonia by 
magnesium, Jiuninium, and manganese ; J. Fersonne, and E. J. Manmen 4 , by 
phosphorus, arsenic, and antimony ; and C, Montemartini, by cadmium, cobalt, and 
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oickeL L. H> Milligan and G. B. Gillette found that wlile stannouB chloride can 
reduce nitric acid to ammonia, the apparently stronger reducing agent carries the 
reduction to hydroxylamino. Tlic reaction was also examined by E. Divers and 
T. Ilaga, S. Schlcsingor, and E. Pugh. 

A. de la Bivo held that the dissolution of a metal in connection with an acid 
deppuds on the formation of local elcmenta between an impurity in the metal and 
i he acid, say Cu | HNOs | M. H. E. Aimsirong amplified the suggestion, and developed 
ihr dectrolyiic theory of choniical action. He said that two substanceB wiU react 
only in presence of certain impurities (catalytic agents). Intpraction does not take 
]»lacp between pure substances. He assumes that “ when the complex formed 
by the association of the interacting substances meets with the necessary third 
component, a conducting system is established, and that as soon os this is formed a 
change seta in. . . According to this hypothesis, “ a circuit of change must 
rompiibe three distinct terms or components.’* One of these must bo a conductor 
of electricity which is capable of forming with the reacting substance a system 
analogous with a closed voltaic circuit. As W. D. Bancroft expressed it : 

The mobt rikiiig charoctoristic of on electrolytic action is that it occurs in two places — 
at \ he anudo and at i ho cathode. This peculiarity pen be made loss marked by bringing the 
i lOL'lr odes nearer and nearer together. When the distance between them vanisheB, we have 
a dioniiral reaction in tlio ordinary sense of the word and not an eloctroBhomical roactioii. 
Any r'linmical reaction, therefore, which can be made to take place electrol>'tical]y, must 
cDibisi of an anode and a cathode process. Considering the matter in this light, wo see 
tliiU there is a possibility of Die anode and cathode procossea interfeiing and of one perhaps 
uiuslsing the other. 

T. Kricson-Aiiren and W. Palmarr found that the addition of anything which 
raises the c.m.f . of the combination -the udditioii of certain metal salts, depolarizers, 
and variations in the nature of the negative element — ^increases the rate of 
ilisbohition, and conversely. This subject has been discussed in connection with 
tTij)]ji’r ”3. 21, 6. W. D. Bancroft said that the general results show lhat tlie action 
of nitric acid on metalh etin be profitably considered as n cose fd elect ToI)i‘ic corrosion, 
the anode reaction being the formation of a nitrate. The nature of the metal shows 
itself in three ways ; (i) in the reducing power as measured by the over-voltage ; 
(ii) in the catalytic action of the metal ; and (iu) in the catalytic action of the salt 
(d the metal. The electrolytic reduction of nitric acid has been discussed in coii- 
iiBction with hydroxylamino. The hydrogen and electrolytic theories can be trans- 
lated into the language of the ionic hypothesis; thus, according to W. Ostwald — 
vide supro—th^ reduction of nitric acid is supposed to start from the ionization id 
the acid, so that the direct reduction products are nitrogen peroxide, nilrnus acid, 
nitric oxide, hyponitrous acid, and either nitrogen or hydioxylamine and ammonia, 
with nitrous oxide as a secondary dehydration product of hyponitrous arid — vide 
supra for the relation of these products to nitric acid. 

L. S. Bagtor, in explaining the action of nitric acid on copper, assumed that nitrous 
acid is the depolarizer. He concluded that the process involved (i) the oxidation 
of the hydrogen film on the copper by the nitrous acid, which itself is reduced to 
hyponitrous acid, the copper passing into sola, to replace the hydrogen removed ; 
and (ii) the oxidation of the hyponitrous acid to nitrous acid by nitric acid, whirh 
itself is reduced to nitrous acid. A, Klemenc assumed that in the nitration of 
organic substances — vide supra — what was called E-nitric acid, U2N30g, is formed, 
and t he theory can be also applied to the action of nitric acid on the metals. Thus, 
P- Ray’s observation that mercurous nitrite is formed by the action of nitric 
acid on mercury is explained by assuming that a state of equilibrium, 
2 HgN 08 +N 02 ^ng 2 N 308 , is formed in the diffusion layer near the surface of the 
metal, and that the mercury .ff-nitrato diffuses away and is decomposed i 
2Dg,NaOg+HaO=HgNOB+3HgNOj+2HNOB. Tlio cone, of the .E-ocid iu the 
difluBion Inyer roachos b irntTimiim Bt b diBt&ncc from the metal of fivc-sixtliB of the 
thickness of the diffusion layer. M. Drapiei’s observation that the velocity of soln. 
vuIh vui. 2 g 
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of a copper cylinder in nitric acid is considerably lessened by rotating the cylinder 
Is explained by assuming that £-acid is lost on the soln. side of the diffusion layer 
during rotation. 

According to J. G. Thompson, aluminium and its alloys arc superior in their 
K'sistanoc to 100 per cent, nitiic acid to all the iron-alloys tried excepting high- 
fiilicon cast-iron ; these alloys, however, aze severely corrt^cd by acid of less than 
68 per cent. HNOg. Molybdenum steel, or steel containing 5-5 jei cent, chromium, 
was little bettor than plain stet^l, but steels w.th ID'S to 15*7 per cent, chromium, 
better resisted attack by the sironger arid; while steels with over 16 per cent, 
chromium showed no signs of aitaek by nitric acid below GB per cent, concentra- 
tion. The presence of nickel reduci^s the beneficial action of chromium. Of all 
the alloys tested, a high-silicon cast-iron — 14*55 per cimb. Si, and 0-59 per cent. C 
— was the must resistant. It was unattacked by acid of any coucentration. A 
similar cast-iron \\ith 12-24 pci cent. Si, and 1-17 per cent, of C, was not so good. 

H. Braconnot showed that an alcohohe soln. of uitnc acid is often less active 
than the aq. soln. lie said that the alcoholic snLi. acts feebly on bismutb, ziiie, 
and copper because of the low solubility of the nitrates of these metals in alcohol ; 
and that it dor-s not atiark mercury because of the insolubility of the nitrate m 
alcohol. F. I'ascdl ilLscussed the action of mixtures of sulphuric and nitne aLuU 
on aluminium, steel, and lead. The addition of sulphuric or nitric acid to a 
manganic salt or manganese (boxide, in the presence of hydrofluoiie, phosphorie, 
or arsenic acid, may convert the whole of the manganese into the correspond- 
ing manganic salt. J. Jannek and J. Meyer found that cone, nitric acid dis- 
tilled with platinum uiqiaratus contains impurities not found when vessels of 
fused-quartz are emydoyed. G. P. Baxter and F. L. Grover said that if eh an, well- 
seasoned platinum is used, the results arc as good as with quartz piovided the acid 
is free from traces of hydrochloric acid. 

The lower oxides of many metals and their salts are oxidized by eitlicr cold or 
hot nitric ar id-— (\(7. cuprous oxide, mercurous oxide, stannous oxide, and 
ferrous oxide, and thrdr salts. According to A. von Bijlert,^>’ ferrous sulphate in 
the presence of free sulphuric acid is quantitatively oxidized to feme oxide ; but in 
the absence of sulydiuric acid, about ono-third of the ferrous salt is oxidized to 
ferric nitrate : r»FpS04H-8HN()3=2Kc2(S04)3+2Fe(N0g)3+2N0 f 4II2O ; with 

dll. nitric acid — 2?A) grms. IlXOg yicr litre — there is no action at O', a slow action 
at 25°, and a rapid action at 30°. L. H. Milligan and G. B. Gillette concluded 
that when an excess of nitric acid, of 15-20 per cent, strength, is reduced at 20' by 
ferrous salt soln., the reaction first passes through an induction period, and tlie 
soln. becomes dark red-brown indicative of the formation of the Fe ".NO comphx 
which is rayndly decomposed— mtric oxide is the principal product, but considei- 
able nitrogen peroxide is also formed. When small amounts of nitric acid are 
added to on excess of boiling ferrous salt soln., nitric oxide only is produced. 
0. Baudisch and P. Mayer found that the reduction of nitrates by fenou-t 
hydroxide in neutral and alkaline soln. is quantitative. The reduction of nitric 
acid by stannous chloride has been discussed in connection with hydroxylamiuo. 
M. Coblcns and J. K. Bernstein found that nitric acid furnishes nitric oxide when 
treated with stannous chloride containing a drop of ferrous sulphate ; and when 
an excess of sodium hyposulplute acts on nitric acid. L. H Milhgan and 
G. B. Gillette concluded that 

When an bzcobs of nitric arid of 10-50 per cent, strengih is treated in tho cold 
BiannouR salt soln., hydroxylamiziB salta are the primary end-product of the reaction, 
when the conditions of temp, and cone, are such tliat the nitric acid and tho hydroxy lammo 
Bidts react, then nitrous oxido is the chief product together with small amounts of nilni? 
oxide, nitrogen and traces of nitrogen peroxide. No ammonium salts are formed. Whm 
stamious salts are used m oxcoss over tho nitric acid, the reaction takas place with hyd^ox^ 1 
amine and ammonium salts as the products either in hot or cold soln , but the reactioii 
very slow in tho latter case. When an excess of nitric acid is treated wi^ titanojs salt 
soln., the reaction takes place very rapidly with the formation of nitric oxido as the cluci 
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product tOKoLYier with a ronRidurable amount of nitrous oxido, a smaller amount of nltro^n, 
and traces of nitroRon peroxide arid also of hydroxylaniine palts. No ammonium salts are 
formed, Tho reaction appears to progress in practically the same way no matter whether 
the nitric acid or the titanoiis salt is lu exeoss, ueiiJier liydroxylainuio nor ammonium ealta 
bnjMg foimod in the latter caso. Titanous salts are stronger reducing agents than coire- 
bponrtiiig stannous salts, and yet the diief product by tlie former acting on an excess iiit rie 
iicid ib nitiic oxJdo ; whorons the rliiof product from tlio lalfcr is hyilroxylamino, which is 
it “ more reduced ’* compound, but is produced by tho weaker reagent. Tliis shows that 
( .itdlylio eiTe<*t 8 play an imjiortanL part, and evirlencs mdicatrs tiiat tho “ oua ” salt of 
iitiiiiiiiin is the Catalyzer for tho decomposition of nitrohydruxylamic acid and production 
of lilt rie oxide. 

Many metal chlorides when heated with an excess of nitric acid are convertt^d into 
the iiitratn*^. Thus, J, L. Smith found that the transformation occurs with potassium 
or sodium ehloridc in the presence of 7 to 8 parts of nitric acid ; J. S. Stas said that 
at Itr r) 0 °, potassium, sodium, or lithium chloride require respectively 3 , i, and 5-5 
})art8 of nilric acid. J . L. Smith said that ammonium chloride and nitric acid yield 
nitrou^i oxide. 11 . Wurtz found thst aurir, cadmium, cerium, lanthanum, didymium, 
ferric, and jdalinic chlorides are decomposed by nitric arid incompletely and with 
(liirHulty. S. Schlesiiiger said that the two copper chlorides, mercurous, zinc, and 
learl cldorides, arc dei om])osed, hut, added H. Wurtz, with diflSculty and incom- 
])lefely ; wlidc mercuric aiul silviT chlorides are nut attacked. F. Rose found cobalt 
iimmiiiochloridcR arc readily converted into the nitrate. 

Nit nc acid is u^^nally nioiuibasic, forming a series of salts, the nitrates. The basic 
Hcills ha^ e been dihciissed l»y A. Ditte,^i F. (Jrosrlmfl, anil others —see, for example, 
till* ba.sic lead lutralcs. The nitiates are usually made by the action of the acid 
cm the metal, hydroxide, oxide, carbonate, etc. According to H. Braconnot, 
the enne. acid does not decompose dehydrated sodium, barium, calcium, or lead 
carhouale, even when boding, because the nitrates of these* bases arc insoluble in the 
rone, acid, and a surface iilm of nitrate protects the remainder of the carbonate 
lioiji tlie acid. Potassium carhouate is docoraposed by the cone, acid becaiiso 
the nitrate is soluble in the rone. acid. J. Feluuzo said that an alcoholic soln. of 
nitric acid docs not act on ])otassiuin carbonate, but it acts slowly on sridium, 
barium, and magnesium carbonates, and rapidly on calcium and strontium 
iMibimates ; because, added J 1 . Braconnot, calcium and strontium nitrates are 
leadily dissolved by alcohol, whereas potassium nitrate is but sparingly soluble 
m that menstruum. Potassium hydroxide resists attack by a soln, of nitric arid 
11) ether unless the mixture is boiled or sliuken. A. A. Kazautzeil discussed the 
iutliieiicp of nitric acid on the solubilities of the nitrates. 

The great number of hydrates of the metallic nitrates in which the number of 
water mols. is some multiple of 3- say 3, 6, 9, 12— has been the subject of remark, 
and has led observers to assume that these h3^drateB arc to be regarded as addition 
])Tn(lupta of tlie base with one of the hypothetical nitric acids— orthoni trie acid, 
^[5^05, mesonitric acid, H3NO4, and ordinary or meta-iiitric acid, HNOg, and also 
nitric anhydride, NgOs. H. E. Armstrong has argued that the acid and base first 
unite adjitively, and that the salt is formed by an intra-molccular change in the 
addition-product so produced. In confirmation, there are many hydrates of salts 
whose composition can he exactly derived from the direct addition of acid and base ; 
^.7. CaS04 2H30; BaCl 2 . 2 H 20 ; HgNOs.HsO, etc. According to J. H. Kastle, 
7 rj ])er cent, of the nitrates described in literature can be included in one or other 
of the following five classes : 

( 1 ) The anhydrous nitrates are addition products of nitric anhydride and the mstaUio 
oxuln, CB,0-hN,05--*2C8N0|, e.g. tlie nilraU'S of tho five alkali metals, silver, barium, 
Blronliiuin, magnesiuni, thallium, gallium, and lead; and the double nitratos of gold or 

with the alkali metals ; f.g. KAu(N08)4,KAg(NOB),. 

( 2 ) The nitrate is an addition product of ordinary nitric acid, and the metallic base : 

UNO|«HgNOa.HaO. Thorium nitrate, Th(N 0 ,) 4 . 4 H, 0 , is another exampK 
. (•>) Many nitratos of Uie hi- and tor-valent metals ate addition products of meso- 
wsid: Cd(OH),-l- 2HjN04=^OdN04.4H40, and calcium and strontium nitrates, 
'‘ft(NOi),. 4 H 0 and Br(N 0 ,)|. 4 H, 0 , am further examples. With the torvalont metals, 
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Fe(OH),+SH|NO|»Fe(NO|)| 6H|0 ; Bud the correBponding; nitrftteB of didymium. 
thalliuia, oenozn, erbiunip lanthanum, Bamarium, and yttrium are examploN A eenos of 
double nitzates of ronum with cobalt, magnesium, manganese, mckel, or rinr, of the type : 
2Co(NOs)|.3MgNO| 21U|0 ; and a sonen with lanthanum nitiate and magnesium, manga- 
nese, or zmo nitrate ol the typo ; 2La(NO,)| 3Zn|N()J| belong 1o tiio somo rloBs. 

( 4 ) Another senes may bo derived b} the addilioii of Driliomtiic mid, H|NO|, to iho 
bividont metal withthe bivalent motals: Cd(OH)|+2H5NO|=Co(N()^)i. 0H|O, and the 
corresponding nitrates of mokel, iron, manganese, mognc^sium, zinr, and oolcium. Exampleb 
with the tervalent metals are. A]( 0 H),-|- 3 H|N 05 — Al(NO,)s 9H|0, and the rorresponihng 
nitrates of chromium, and iron, os well as the double nitrates of nickel and didymium, 


2J)i(NOj)|,3Ni(NOs}| 36H|0 Thalhuro mtrato is an example with a quadrivalent metal 
Th(0H)4+4H,N0*=Th(N0a)4.12H,0 

(5) A few mtratea can be loforred to a pyromotanitrn arid, H 4 N|Oi.. Thus, 
Cu(01I)|-| H 4 N 1 O 1 — Uu(NO,)| 311,0 , and similarly also witli goimaiuum, and maiiganobc 
nitrates. 


J. H. Kastlo argued that the hjrpotheaia contains “ at lonst an element of truth.” 
When the hypothesis is adapted to an imaginaTy H13N3O14, regarded os Sl^NOr; 
less H2O, in order to explain the oebohydrate of thalhuin nitrate, Th(N03)j BHgO, 
the argument becomes less probable. J. Loewe, and M E. Chevreul referred some of 
the basic lead nitrates — e^.FbHN04,Fh3(N04)2- to an hypotlietical orthonitric acid, 
while J. H. Eostle suggested the possibihty of the hydrated nitrates being salts of 
more complex acids Fo(NOa)3.9Il20 is HibFcKsOis ; and when part of the 
hydrogen is replaced by a metal, the so-called basic salts are formed. 
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§ 46. The Halogen Compounds ol Nitrogen 

H. N. Warren ^ olrctrolyzed a cone. soln. of ammonium flurimle, and oliserved 
that oily drops collected about the tathndr ; be suggested tlidl nitrogen fluoride, 
analogous to nitrogen chloride, was formed. The oily drops exploded more violently 
than nitrogen chloride. 0. Bui! and E. Geisel said that there is bomcthing wrong 
with H. N. Warren’s statement because hydrogen is evolved at the cathode, anil 
at the anode, a mixture of oxygen and nitrogen, quite free from fluorine, is given 
off. The anode liquor, however, contains something wliirli b berates iodine lioiu 
potassium iodide. Nitrogen fluoride is not formed by the action of fluorine on 
ammonium fluoride, nor by treating nitrogen cblorido with silver fluoride ; nor 
was H. Moissan able to make it by the action of fluorine on nitrogen in the cold, 
or by the action of the electric discharge on a mixture of nitrogen and fluorine. 

About 1811, P. L. Dulong prepared une nouvdle substance detonnznie by the 
action of chlorine gas on a soln. of an ammonium salt at B°. This proved to be the 
violent explosive nitrogen chloride» NCI3. He continued work on this compound 
after it had caused him the loss of three fingeiB and one eye. The preparation and 
handling of this compound require the greatest care. Every vessel employed must 
be washed by alkali-lye in order to free it from grease ; even grease from the fingeis 
may cause an explosion. The substance is very liable to si^ntaneous explosion, 
and thick gloves, and a face shield are indispensable. T^ question has been 
discussed by V. Meyer, and L. Gattermaim, The substance may bo formed in soniQ 
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reactions made with a totally different object^-e.^. E. Dreyfusa mentioned its fonna- 
tion during the preparation of sulphamide ; and F. Kepiton, in some analytical 
wurk, obtained a violent explosion which he atlributi^d to the unforeseen formation 
of this compound. 

In preparing nitrogen by the action of chlorine upon aqueous anuiionia, if the 
ruirent of chlorine be continued after all the ammonia has been converted into 
ammonium chloride, the unmanageable explosive — nitrogen chloride— may be 
produced: NH4Cl+3Cl2=4HCl+NClg. Chlorine gas decomposes ammonia gas, 
or an aq. soln. of ammonia setting free nitrogen and hydrogen chloride, which 
iiniles with any unchanged ammonia, forming ammonium chloride: HNUg+SC^ 
---6NII4CIH-N2. According to B. Poiret and co-workers, a similar result obtains 
if the chlorine acts on a salt of ammonium and a weak acid ; but if a salt of a strong 
acid be exposed to the chlorine gas — e.g. chloride, sul])hatc, phosphate, nitrate, 
or oxalate — ^the ammonia is to a certain extent proi^ected from the action of the 
chlorine, and some of the explosive oil is formed, thus, NH4CI I-3CI2 - 4HCI+NUI3. 
This also occurs when chlorine in excess acts on aq. ammonia. W, A. Noyes and 
A. i.\ Lyon consider that the normal reaction br^tween rhloriue and ammonia 
shuiihl be symbolized: 12NIl3+6Cl2‘->N2+NUl3+9NH4Cl, but only when the 
aLiimoiiia and chlorine are present in these proportions. II an excess of 
amiuonia be ])Ti'8ent, it reacts with the nitrogen cldoiide giving free nitrogen: 
NCl3-l-4NH3->3NH4Cl+N2, and ammonium hypochlorite: NCI3-I-2NH3+3H2O 
,:^3Nll40Cl; on the other hand, if a relatively small proportion of ammonia be 
])r(vsrnt, the ammonium chloride foriiiod in the reaction absorbs nitrogen, and the 
\ olunie of nitrogen evolved will be less than tliat indicated by the iionnal equation — 
oiin-sixlh the volume of the chlorine. W. A. Noyes and A. B. Haw said that in 
]irpparing the trichloride by tliis proenss a considerable proportion always decom- 
poses into chlnrine and nitrogen, either directly or by interaction between the 
triidiloride and ammonia. The ratio of the number of mols. of chlorine to the 
number of mols. of ammonia may be varied between wide limits without affecting 
appreciably the ratio belween the number of mols. of ammonia and the number 
of mols. of ammonium chloride. This ratio is 4 to 3 . The chlorine reacts primarily 
with the ammonia, but only to a trifling extent, or not at all, with the solid 
Biniuonium chloride which is formed. According to 0 , T. Dowell and W. C. Bray, 
Ihe reaction between chlorine and ammonia in strongly acidic soln. is typified by 
Nn4Cl-l-4Cl2=NCl3+4HCl ; in strongly basic soln., by HNH3+3CI2— -N2+6NH4CI ; 
and in the presence of hypochlorous acid, by NII-j j-lI()Cl--H20-(-NH2Cl. They 
consider that the equation given by W. A. Ni>yes uiul A. C. Lyon is the resultant 
nl a scries of consecutive reactions the first of which is the formation of chloioamide : 
NJrg-|-Cl2~-HCl-f-NH2Cl. L. Gatteimann said that the product of the action of 
chlorine on ammonium chloride is a mixture of (lifiereut chlorinated ammonias, 
and the composition depends on the conditions of the experiment. If the washed 
product be treated with chlorine, nitrogen trichloride is produced. W. A. Noyes 
said that ammonium sulphate is better than the chloride for preparing nitrogen 
trichloride. 

B. PoTtet and co-wozkers said that 32 ° or upwards is more favourable for the 
production of nitrogen chloride than ordinary temp. ; and that below 0°, none is 
produced. The presence of ammonium sulphide, sulphur, or powdered charcoal 
prevents the formation of nitrogen chloride ; and this compound is not formed if 
the chlorine be mixed with one-third its voL of air or carbon dioxide, or with an equal 
vol. of hydrogen. They prepared it by inverting a jar of chlorine over a dish 
containing a soln. of ammonium chloride at 32 °. The oil forms a film on the sides 
of the vessel, and over the liquid, and finally sinks to the bottom in the form of 
oily drops. 0. B. S^rullas inverted a jar of chlorine over a dish containing a warm 
soln. of ammonium ohloiide, and added more soln. to the dish as the liquid rose in 
the jar. When the cUorine was all absorbed, the jar was cautiously removed so as 
to prevent the oil attaching itself to the surface, and forming a film which volatih'zsfl 
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rapidly in air. A continuoiiB current of Inke^warm water was tJien passed into the 
diflh containing the oil until the runnings were free from chlorides, J. J. Bersolius 
made nitrogen chloride hy passing chlonne into a jai filled with a soln. of ammonium 
chloride, and inverted over a dish containing the same soln. 

A. J. Balard noted that nitrogen chloride is formed when hypoehlorous acid is 
in contact with ammonium chloride or sulphate, or aq. ammonia. W. Hcnbschel 
prepared nitrogen chloride by mixing a 5 pci cent, soln. of sodium hydroxide sat. 
with chlorine, and a 10 per cent, soln of ammonium chloride. The oil so formed 
was dissolved m benzene, chloroform, or carbon disulphide. The reaction is sym- 
bobzed: 2NH4Cl+7NaOCl-6NaCHNaNOjOlLO+NCl3. An excess of the 
hypochlorite produces chlorine which is dissolved by the nitrogen chloride. Ho 
also made the chloride by the action of a soln. of bleaching powder on ammonium 
chloride. If the soln. be alkaline, nitrogen chlimde is not formed. H. Rai 
recommended the foUowing jirucedure : 

About 10 rr of a fieslil^i prepared, liltnred, cone soln of Llonclim^ poixdei in a large 
tOhl-tubo me roolod in uu to about 0^ and an equal vol of (old. hat aiiuiiomuin chlojidf] 
Buln is added When the \igorous reaitHin lia^ bubbided. alter ton minutob, the mtrogtui 
chlonde is exploded by thu udditioii of turpoutme. The lidniido on tlio auifaco oxplodoh 
instantly, that at tho bottom inuie violuntly after home timo, tlio iiitorval bot^CHtn llio trvn 
explosions dopending outlie height of the liquid cDhimn, the amount of turpoutme addl'd, 
the nature of the surfaco expluciion, and tho amount of uitrog'n [hlniide piohont All 
appaiatua must be absolutely free from gioabe uiiil direct siiiiliglit bhould be ontiiely 
BXi ludi<i 

E. Dreyfusb, II. Rai, 0. Lunge and R. Schoch, C. F. Sclumbcin, J Tim h, II Dilz, 
and T.Salzer studied the action of bleaching powder on a soln. of aiuminiiuincldoriile. 
J.Kolbrepresentedthcreaciion; 2NH3-|-30d0Clj -SCaCLj+OI^O f N« W.A. Noyes 
said that the treatment of an amiuonjnm salt with hypochloroiis at irl gives a tii- 
chloride pure and free from chloro-amines. Nitrogen trichloride may ho 8op«iratoil 
from a soln , in which it is prepared, by a current of air, drying the an and va]i. 
of trichloride by passing Ihrougb cone, sulphuric arid, and condoubing tho tri- 
chloride m a U -tube surrounded by a frec'zmg mixture. J. Gumcliant obtained 
nitrogen chloride by the action of hypoohloiites on urea Acrurding to 11. Boitgor, 
and H. Kolbe, drops of nitrogen chloride are formed on tho anode during the 
electrolysis of cone, soln, of ammonium ckloiide. II. Hofer used a soln. 
of ammonium chloride sat at 35°, and warmed to 40° by a current of 10-12 ainp>. 
and 7-8 volts. F. Mareck obtained a brown deposit on the cathudo (luring tJjo 
electrolysis ol a cold sat. soln. of ammonium chlonde. The nature of tho deposit 
was not established. 

Tho composition of the explosive product was lepresented by H. Davy as 
NCI4 ; B. Poiret and co-workeis, by NHCI3 ; N. A. E. MiUon, as NIl^CI ; 
by J. H. Gladstone, as N2HCI5; and by A. Bineau, H. St. 0. Deville and 
F. HautefeuiUe, L. Gattermann, W. Uentzschel, F. L Dulong, and D. L. Chap- 
man and L, Vodden, NG3. The great explosiveness of the compound is referred 
by L. H. Friedburg to the internal strain mduced by the chlorine atoms. 
T. T. BelivauoF said that nitrogen chloride is an amidoauhydridc of liypochlorous 
acid, because this acid and not hydrochloric acid is developed when nitrogen 
chloride is hydrolyzed by water ; and this hypothesis also explains why tho chloridB 
is BO easily reduced with the formation of ammonia and chlorine by the action of 
hydrochloric acid. W. A. Noyes found that when nitrogen trichloride is titrated 
with a boln. of arsenious acid, one mol of tnchlondc is cq to 6 gram-atoms of avail- 
able chlorine, indicating that the nitrogen is negative and the chlorine positive, and 
that it hydrolyzes as a reversible reaction ; N'^Clg -f-3ll 0''1I - N'"H3 +3H 0"Ur. 
He inferred tliat in the reaction between amiiLouia anil chlonne, when nitrogen 
trichloride is formed, some chlorine molecules may be spht up into Cl' and Cl , 
and some of the nitrogen atoms may be temporarily positive and others negative. 
Hence, two nitrogen tncblorides are conceivable ; in one — miro-nUrogen trichlonde^ 
the nikogen would be positive and the chlorine negative, and in the other— ommono' 
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nitrogm ificJilmie, presumably ordinary nitrogen ohloiide— the nitrogen is 
negative and the ohloiine positive. W. A. Noyes behoved that evidence of the 
existence of tlie nitro-nitrogen trichloride was obtained by passing a mixture of 
uitrosyl chloride and phosphorus pentachloride through a heated porcelain tube. 
Attempts to prepare nitro-nitrogen trichloride or nitrogen trichloride by passing 
mixtures of nitrogen and chlorine through a flaming arc were entirely unsuccessful. 
Passing the same gases through a powerful ozonizer had the same result and no 
action at all occurred with Strutt’s active nitrogen. The resultSj although negative, 
confirm the hypothesis that electrons are held jointly by two atoms rather tl^ the 
view that electrons are transferred from one atom to another when atoms combine. 
H. IJcnstock discussed the electronic structure. 

IL Davy said that nitrogen chloride is a yellow, thick, oily liquid whose sp. gr. 
is 1053 ; R. Porrot and co-workers gave 1*6. L I. Saslavs^ discussed the mol. 
vr)]. H. Davy said that nitrogen cUoride does not freeze at —40'’. R. Porret 
aiul cD-workcTS found that the chloride evaporates rapidly in air and can be distilled 
hidow 7r. The heat of formation worked out by H. St. C. Deville and 
P. Ilautcfeuille is —38*178 Cals, per eq. ; and with the detonation at constant voL, 
a tcinp. of 2128° is attained, and a iwess. of 5361 atm. ; with the detonation in air, 
i) t 7GU inm., tho temp, is 1 698^. J. Thomsen was not satisfied with the above deter- 
mmutiun of the heat of formation. W. A. Noyes and W. F. Tuley found the heat 
of fonnuiion of nitrogen trichloride, in soln. in carbon tetrachloride, from gaseous 
nitrogen and chlorine, to be —54*7 Cals. R. Forret and co-workers said tout the 
oily h quid docs not conduct electririty. 

The oil has a pungent odour wliich makes the eyes smart ; aud its action on the 
lungs is less powerful than that of chlorine. The plL 3 rBiological action was examined 
by W. Hentzschcl. Nitrogen chloride explodes with great violence in many cir- 
rumstances. There is a bright flash, a loud report, and the containing vessel 
may be shattered to bits. L. Gattcrmann said that a flash of direct sunlight, or 
magneKium light, may produce the explosion. He observed no explosion when the 
rhloridc was heated to QO'’, but at 95° a sudden and violent explosion occurs. The 
destructive force seems to be downwards ; this subject has been discussed by 
FI. N. Warren, V. Meyer, and R. Wagner. Mere contact with many 6ubf>tanoes 
causes an explosion. W. Hentzschel found that nitrogen chloride dissolved in various 
organic solvents is decomposed by light usually with the formation of chlorination 
products. With carbon tctrachlnride the reaction is simple ; 2NCl3-»N2+30l2 ; 
and £. J. Bowen measured the rates of decomposition in terms of tho light energy 
absorbed, and concluded that more than one mol. is decomposed per quantum 
of energy absorbed. 

According to R. Forret and co-workers, nitrogen chloride can be evaporated in 
bydiogen, oiygeiit or aim. air without decomposition. A. Jouglet said that the 
chloride explodes in contact with oaone. When kept under cold water* H. Da^ 
and G. S. S4rullas found that uitrogeji chloride is decomposed witliin 24 hrs. with 
the formation of nitrogen and chlorine gases, and nitric and hydrochloric acids. 
T. T. Selivanofi suggested that in aq. soln. nitrogen trichloride is hydrolyzed 
NOlg |-3H20#NH3-1-3H0C1 ; and in confirmation, D. L. Chapman and L. Vodden 
found that cone, hydrochloric add reaets with a cone. soln. of nitrogen trichloride 
in carbon tetrachloride, forming chlorine and amninnium chloride : NCl 8 -|~')H 20 
v^NHa+snOCI; HOCl+HCI^Clg+HoO ; and NIIg+HCl^NH 4 Cl. Assuming 
the electronic theory of valency, N. V. Sidgwick said that when nitrogen trichlorida 
reacts with water producing hypochlorous acid, its unshared pair of electrons are 
oflered to the hydrogen of the water producing 01 .N( 0 l 2 )^H.O.H, wliick then 
decomposes. H. Davy also found that cunc. hy^nchloric acid gradually converts 
the oil into ammonium chloride with the evolution of chlorine gas : NGlg-hlHCl 
=^NH4Cl-|-3Cl2. W. A. Noyes said that the formation of ammonium chloride from 
nitrogen trichloride and dry hydrogen chloride is not a hydrolysis when it occurs in 
the absence of water, and probably it is not a hydrolysis in the presence of water. 
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Rather does it consist primarily in the iormation of trichhroammonium chloride, 
(NCl'3ll)Crj followed by the loss of an atom of positive chlorine with an atom of 
negative chlorine. The formation of nitrogen trichloride by the aotion of chlorine 
on a Boln. of an ammonimn salt appears to be the reverse of this reaction. 
T. T. Selivanoll found that dil. hydrochloric atid reacts with nitrogen chlorido, 
forming hypochloroiis acid, wliich is decomposed as fast as it is formed, and chlorine 
is evolved. C. T. Dowell and W. C. Bray showed that nitrogen trichloride, in carbon 
tetrachloride soln., reacts with a dil. sola, of ammonium chloridoi and more rapidly 
with a cone. soln. NH4Cl+NCl3=N2+4UCl. T. T. Selivanofl found that nitrogen 
trichloride decontpr)sc8 in contact with iodinet and a dil. soln. of iodine yields iodic 
acid. C. T. Dowell and W. C. Bray found that a soln. of iodine reacts with nitrogen 
chloride in carbon tetrachloride soln. liberating nitrogen and forming iodine chloride 
—the addition of water results in the precipitation of iodic acid. If potassium 
iodide is used, 18 per cent, of the nitrogen is liberated as such, and tlic addition 
of sulphuric acid did not aHect the result. According to N. A. E. Millon, an 
aq. soln. of potassium bromide forms nitrogen broniuie or iodide, and potassiUDi 
chloride. T. T. Selivanotf said that iodine is liberated from potasbium iodide. 
G. S. Rerullas said that sulphur is without chemical action on nitrogen chloride, but 
is quietly dissolved. Acrurding to P. L. Dulong, sulphur decomposes nitrogen 
chloride, producing a substance which rapidly dissolves in water, forming a sobi. of 
hydrochloric and sulphuric acids. G. S. Scrullas noted that contact with selenium 
produces an explosion ; with an aq. solu. of hydrogen sulphide, milk of sulphur is 
deposited, a little nitrogen is evolved, and a soln. of ammonium chloride and 
hydrochloric acid formed. C, T. Dowell and W. C. Bray iouiul that hydrogen 
sulphide reacts with nitrogen chloride in carbon tetrachloride soln,, liberating 5*5 
per cent, of the nitrogen and reducing the remainder to ammonia. R. Porret and 
co-workers found that contact with h:^ogen sulphide or persulphide ] produces an 
explosion. N. A. E. Millon found that an aq. soln. of potassLum sulphide produces 
a greeuish-yrllow powder which floats on the liquid. R. Porret and eo-workers 
observed no action with mercuric sulphide. J. 11. Gladstone bhowed that with 
sulphurous acid, nitrogen, ammonia, and hydrochloric arid arc formed. C. T. Dowell 
and W. C. Bray found that of all the reducing agents tried, sodium sulphite was 
the only one which converted the whole of the nitrogen into ammonia when it acts 
on a carbon tetrachloride soln. of nitrogen trichloride : 3Na2S03+NCl3-|-3H20 
= 3 Na 2 S 04 -|- 211 Cl+^ll 4 (^- H* Davy said that in contact with dil. solphuric 
add, mtrogen and oxygen arc evolved. According to T. T. Selivanoil, dil. sulphuric 
acid forms a soln. containing hy]iochlorous acid, and the reaction is revcrsilde. 
The iodide dissolves in sulphur chloride. R. Porret vaporized the chloride in 
nitrogen without any percpptible change. With cone. aq. ammonia, an explosion 
occurs, but H. Davy found that with a dil. soln., nitrogen is evolved and nitric acid 
formed. S. M. Tanatar obtained hydiazoic acid by the artion of nitrogen chloride 
on hydrazine. C. T. Dowell and W. C. Bray found that with a carbon ^trachlondo 
soln. of nitrogen rhloride, both hydrazine and hydioxylamine give off nitrogen. 
R. Porret observed an explosion occurs when nitrogen chloride is brought in contact 
with nitric oxide ; and H. Davy noted that with cone, nitric acid, nitrogen gas is 
evolved. G. S. S^nillas found that with a soln. of silver nitrate, mtrogen, nitric 
acid, and silver chloride are formed. G. S. Bcrullas observed t^t contact with 
phosphorus causes nitrogen chloride to explode, and R. Porret and co-workeia 
noted that soln. of phosphorus in carbon disulphide, phosphine, and calcium 
phosphide produce rather loss violent explosions, and the docomposition by a soln. 
of phosphorus in ether is gradual. H. Davy said tliat mtrogen chloride is dissolved 
by phovhorus trichloride ; and R. Porret and co-workers observed no reaction with 
dll. phosphorous add. G. S. S&nillas found that nitrogen chloride explodes in 
contact with powdered arsenic ; while B. Porret and co-workers said that arsenic 
is separated from arsine by the action of nitrogen chloride. G. S. Bcrullas observed 
that with aisenious add, ammonia is formed. C. T. Dowell and W. C. Bray found 
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tliat a soln. of nitrogen chloride in carbon tetrachloride reacts with arsenions acid) 
librraiing 7*7 per cent, of nitrogen, in the elemental form. Reducing the cone, of 
the soln. increases the yield of nitrogen, and with up to 0 * 5 N-H 2 S 04 , the yield of 
free nitrogen is augmented. The reduction of sodium arsenite soln. was also 
examined by W. Hentzschel, W. A. Noyes and A. C. Lyon, and 1). L. Chapman and 
L. Voddon — vid& supra. R. Porret could detect no reaction between native 
antimony sulpbide and nitrogen chloride. 

11, i^orret and co-workers observed no reaction between carbon as charcoal on 
nitrogen chloride, and the chloride can be vaporized in an atm. of ethylene without 
undergoing chemical change. W. Ueutzschel said that the chloride is tlissulved by 
benzene, chloroforms carton tetrachloride, ami carton disulphide. These soln. 
are sul]»hur-ypllow, and refract light strojigly ; they are rapidly decomposed in light, 
hut in dilluae daylight, or in darkness, they can be kept unchanged for weeks. 
The decomposition of an elhereal soln. is vigorous in sunlight, and some nitrogen 
is reduced to ammonia. The benzene soln. gives nitrogen and hcxachloroethauc 
iivhcD exposed to suiiliglit. The carbon tetrachluride soln. becomes yellow through 
llie solii. of liberated chlorine, the chloroform soln. furnishes chlorine, hydrogen and 
amiiioiiiiim rldorides, and hcxacliluroethanc, but no carbon totrachloride. The 
eaihon dibiilphide soln. forms some sulphur chluridc. R. Porret and co-workers 
said Ihiit tlie yellow soln. of nitrogen cliloridc in carbon disulphide docs not explode 
witli ]ihnsphorus or the fatty oils, but quietly sets fire to an excess of these sub- 
stiiiircK ; and, added G. S. Serullas, the soln. is slowly decomposed under water 
iiilu latrogrn, ammonia, hydrochloric arid, and sulphuric acid. The addition of 
iihiisphorus to the hulii. causes a violent ebullition. N. A. E. Millon found that an 
isproiluci'd ^lun uitrogim ehluride is brought in contact with potassium 
cyanide — solid or cone. soln. — a moderately dll. soln. producing potassium chloride 
liinl ainidr>g(m cyanide, while a dil. soln. rlisengages nitrogen gas only. Solid or an 
iirj. soln. of potassium thiocyanate produces with nitrogen chloride an oraugp- 
y ellow buttery mass, which dissolves in an excess of soln. R. Porret and co-workers 
Dbser\cd no reaction with potassium ierrocyanide. T. T. Solivanofi founrl that 
nitrogen chloride is decomposed by a sola, of sucrinimide, forming ehlorosuceininude; 
the same ]iroduct is obtained by the action of hypochlorous acid in ])lace of uitrogen 
chloride. This and the other reactions of nitrogen chloride led T. T. Selivanofi 
to assume that nitrogen chloride is a derivation of hyj^ochloroiis arid — vide lu/ra, 
nitrogen iodide. R. l*oiTct and co-workers, C. T. Dowell and W. C. Bray found 
that a carbon tetrachloride soln. of nitrogen trichloriilc converts uiiinol into hoxa- 
chloroquinol ; and carbamide in acid soln. is nut acted on, but in neutral solu. there 
is a blow evolution of nitrogen. They also observed that nitrogen chloride explodes 
in contact with various organic substances. 

Thus, R. l^orret and oo- workers found that lead point, margorolns and oleatos of 
man^aneae, copfier, siivor, and mercury ; petroleum ; amber oil, and ambor ; turpentine, 
eamphorat^ olJvo oil ; piihn oil ; train oil, olive oil ; linsoed oil ; myrrh ; and eaoulehouo 
cauje rapid docomposition. The docompo.*utlon is more or loss grtidu^ with margaratofl and 
oleutos of barium, strontium, oaluium, magnesium, potassium, aluminium, tin, and cobalt ; 
ordinary resin, and ox-gall resin, and soln. of resin or shellac in olcohoL o decomposing 
action WHS ol>Berved with jet; sliellac; frankincense; scammony; olues; othyl sulphate 
and nitrite ; sugar ; manna ; gum ; starch; indigo ; gum kino ; catechu; dried white-of- 
benzoic acid; gum ammoniac; wax; spermaceti; Htoorine; butter; lard; or alcohol 
Ooinbiiiatinn attended by a more or less partial decomposition ocifurB with asphEdt, elalorite, 
copal, mastic, guoiaeum, euphorbium, asafoBtida, camphor, sulphuretted camphor, oil of 
musk, stooriD and oloio acids, etc. W. Hentzsohol found that aniline and nitro^n chloride 
tn benzene soln, furnish tricliloroaniline ; methylaiiiline, tricliloromothylamline ; and 
dimethyl^liiie, a chlorine derivative of tetrapbenyl hydrazine. W. Strocker observed 
no roaction between benzene soln. of nitrogon chloride and magnosium ethyl iodide or 
magnesium phenyl bromide. 0. H. Coleman and oo-workurs studied the addition products 
formed by the ocetyleno hydrocarbons with nitrogon trichloride dissolved in carbon 
tetracliloridD, 

P. L. Dulong, and H. Davy found that nitrogen chloride in contact with copper 



604 


INORGfANlO AND THEORETICAL CHBMlSTRr 


or meienry under water sets free nitrogen and forma a metal chloride ; R. Porret 
and co-workers could detect no action on till or ana 0. B. B4ru11ag found that 
leadi cobalt, cppper, and stiver oxides decompose nitrogen chloride, forming chlorides 
and nitrates. A dil. soln. of potassium hydroxide forma the alkali chloride and 
nitrate with the evolutiDn of nitrogen ; R. Porret and oo-workeis found that an 
explosion occurs when nitrogen chloride is brought in contact with potassium 
hydroxide in the presence of water. 0. T. Dowell and W. C. Bray found that when 
sodium hydroxide reacts with nitrogen trichloride there is a rapid evolution of 
nitrogen^ and 7 per cent, of the nitrogen is recovered as ammonia ; they alao 
observed that hmus sulphate reacts with nitrogen trichloride in carbon tetra- 
chloride soil)., forming nitrogen and ammonia. 

The well-known bluish-violet colour reaction of aniline is or is not obtained 
with a hypochlonte according as ammonia is added after or before the hypochlori((‘ 
and the aniline sobi. are mixed. Moreover, whilst cone. soln. of ammonium 
hydroxide and sodium hypochlorite immediately evolve niirogon when mixed, 
gds is evolved from dil. soln. only after some time. F. Raschig ^ inferred from these 
facts that there is formed an intermediate compound between ammonia and 
nitrogen. He showed that sob. contammg cqnimobr proporiious of ammonia 
and sodium hypochlorite react quantitatively: NaO01+NH3=NH2Cl-{-NaOEr, 
by adding, say, 50 c.c. of a soln. of 3*7 grms. of sodium hypochlorite— free from an 
excess of chlorine — ^to 100 c.c. of an aq. sob. containbg 0*85 grm.,the penetrating' 
smell charactcn&ijc of monochloramide, NH^Cl, appears. Some nitrogen is at the 
same time evolved owing to the ileeomposition of the monochloramide ; 3Nll2(i!l 
= N2+NIl4Cl-f‘2nCl. No ammonium hypochlorite is formed. By disUllmg the 
bquid m vacuo at a low temp., cMoroamide, or chloroamiuei NlIsCl, can be obtained 
as an unstable, pale yellow cH floating on the water m the recidver. There is much 
decomposition during the distillation. W. Marckwald and M. Wille said that the 
yellow liquid contains 10-12 per cent, of chloroamine. F. Rasebg found that it can 
be distilled in vacuo in the presence of 50 per cent, zinc chloride without decomposi- 
tion. For the action of sub. of hypochlontes on ammonia, vide supra, Chloroamine 
obtabed as just described is a yellow mobile liquid. It attacks the eyes and nose 
hke nitrogen rhloride. When a cone. aq. Bojp. of chloroamine is kepi at a low bemp., 
it deposits yellow crystals of chlorme hydrate. W. Marckwald and M. Wille said 
that even at 0° the sob. soon commencea to evolve nitrogen and to separate oily 
drojis of nitrogen chloride. Its instability rapidly bereases when it is preserved, 
decomposition being catalytically accelerated by the liberated acid. The course 
of the change is represented by the equations: 3NH2CI- NH4()1-|-2HC1+N2. 
NHaCl [-21101 NH4(J1+Cl2, and NHgCl-f 2Cl2-=NCls+2HCl. Attempts to 
extract chloroform from its aq. sob. by means of benzene, chloroform, carbon 
tetrachloride, or ether had only limited success, the last-named solvent being the 
most suitable. The isobtion of pure cbloroamme has been rendered possible by 
the observations that its aq. sob. are greatly stabilized by the presence of very 
small amounts of ammoma. Even under those conditions, however, the concen- 
tration ul the ]()-]2 per cent sob. cannot be effected by distillation, sinoe violent 
explosions invariably occur which are obviously due to the formation of nitrogen 
chloride. The vapours of the 10-12 per cent. sob. were therefore dried, and the 
unabsorbed portions condensed b a U-tube cooled in liquid air. For this purpose, 
calcium chloride and soda lime are unsuitable, sboe tW influence the slight 
hydrolysis of chloroamine by water, NH2Cl+H20=5NH8-fHC10, in such a 
manner that the condensate consists of cldorme monoxide. Better results are 
obtabed with anhydrous potassium carbonate. Chloroamr^ is thus obtamed as 
a oolouilcss, Gr}^tallbe substance, m.p. —60°. It decomposes suddenly at about 
— fiO° bto nitrogen, rhlorine, ammomum chloride, and nitrogen trichloride, and 
frequently explodes violently, so that its physical properties could not be further 
mvestigated. F. Raschig, and A. Stock found that chloioamme reacts with ammonia 
to form hydiazbe and hydrogen chloride. According to F. Basobg, chloroamine 
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fonning a brown sob., sapposed to oontam ioiamHf, 
Nn2l» which soon decomposes, fomibg ordmaiy nitrogen iodide, NII^.NIs. An 
acidified sob. reacts as symboh'aed: 2HI+NH2CI— NH3+HCI+I2. ATnirUisnlphonic 
acid is not formed by the action of AydrosuZphAes or sulfhurum arid ; rather is the 
Bvlphnrous acid oxidized : NH2Cl+80a+2H20=NH3+H2B04+HCl, The reaction 
with potassium cyanide is symbolized : NH2CI+KON+H2O Nils+ONCI+KOIL 
Cliluroamme reacts with a sob. of potassium hydroxide almost quantitatively ; 
3K01I+3NH2C1=NH3+N2+3KC1+3H20, and this the more rapidly the more 
cone, the sob. The alkali is always present in the mixture employed m making 
chloiamidc, so that there is a side reaction involvmg the production of ammonia 
and nitrogen— possibly from tiiimide, KsHs^NHsH-Nq. It was not found possible 
to realize the reaction, NH2Cl+NaOIl=Na01+H20+NU, but the presence of 
traces of hydrazoic acid was oskblished. The reaction between chloroamine and 
ammonia is similar to that with alkali-lye: 3NH2CIH 2 NIl 3 =N 2 + 3 NTl 4 Cll. At 
the same time, a small quantity of a reducing substance is formed. This was first 
observed by J. Thiele m his study of the action of ammonia nn sodium hypochlorite. 
It is hydrazine formed by the consecutive reaction: NH2C1-|-NII3^N2H5C1. 
r. liaschig succeeded in hindering the firht reaction and accelerating the second ; 
])y treating normal sodium hypochlorite sob., with 50 times the calculated 
qiicintily of ammonium hydroxide, in the presence of a little glue, there is produced 
7D-iiO per cent, of the theoretiral quantity of hydrazine (j.v.). In the presence of 
cone, alkali-lye, ammonia reacts in an analogous way, NH^Cl-l-NHs+NaOH 
-N2H4-l-NaCl+lIsO. This reaction also is favoured by the presence of formalde- 
hyde, sugars, gum, or gelatin. According to W. Marckwald and M. Wille, the 
riarfion with alkali-lye runs smoothly only when dil. sob. are employed; with 
rnne. sob., the reaction takes place partly in accord with the scheme; 
NIl4Cl-l-KOII=^ NH8-I-KCI+H2O. F. Basrhig obtained phenylhydrazine by the 
artion of aniline in place of ammonia, and many substituted ammonias furnish 
substituted chloramidea by treatment with hypochlorites. Thus, W. Mcigcn 
and W. Normann converted p-nitroanilinc into p-nitrophenylmonochloraiuine. 
K. Itaschig likewise treated p-amidophenol, p-phenylenediamiiie, o-toluidine, 
p-tolnidinc, J 8 naphthylamine, etc., with hypochlorites, and C. F. Cross and co- 
workers, proteids. H. Hcnstock gave for the electronic structure : 


+H 

HU 




Nitrogen does not form a pentachloride. There are often curious changes 111 
the degree of stable valency of the elements b a particular group. Nitrogen and 
arsenic do not form pcntachloridcs, while phosphorus and antimony do ; nitric 
and arsenic adds readily give up oxygen, but phosphoric and antinionic acids 
are comparatively stable; the higher oxides of chlorine and iodine furnish a 
marked contrast with those of fluorme and biomme ; and likewise the higher oxides 
of sulphur and tellurium, with those of oxygen and selenium. 

Accordbg to N. A. E. Milln n^s if an aq. sob, of potassium bromide is added 
drop by droj) to nitrogen chloride covered by a byer of water, the yellow colour of 
the chloride slowly changes to red, which becomes deeper and deeper in tbt. The 
dense black oil so obtained was oonsidered to be a nitrOKOn Inoiiiids. It is very 
volatile, oficnsive-Bmelling oil which attacks the eyes very strongly. It explodes 
violently in contact with phosphorus or arsenic ; under water, it is slowly decom- 
posed, formbg nitrogen, bTomide, and ammonium bromide ; and is decomposed by 
ammonia with the production of dense white fames. H. W. B. Roozeboom obtained 
JO trace of an explosive compound during the electrolysis of sob. of ammonium 
bromide. 

The chocolate-coloured amorphous powder which was made by B. Courtois,* 
B-bout 1813 , by the action of an aq. sob. of ammonia on solid iodine, was thought 
^7 J. L. Gay Lussac, J, J. Colin, J. W. Mallet, and C. Stahlschmidt to be nitrogen 
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iodide, NI3, analogous to nitrogen cLIoridc, NCIs. On account of tLc ease with 
which the product decnnipoKes it is difficult to dcienninc tlie oomposition ; different 
results have been obtained by different motliuds of ])reparation. Nitrogen iodide 
is made by mixing iodine in various solvents — alcohol, chloroform, carbon disul- 
phide, or aq. pntabsiuin iodide— with ammonia. It. Bunsen mixed cold sat. soln. 
of iodine and of amnionia in absoliiie alcohol, and washed the black product free 
from ammonium iodide by means of absolute alcohol : 2NIl3-f IlL- NII3.NI3. 

6. 8. ScTullas, J. II. Gladstone, and U. Stahlschuddt treated an alcoholic snln. of 
iodine with a cone. aq. soln. of atnnionia, and w^ashed with water. K. Bimscn, and 
G. S. RcTullas added nnimunia to a dil. soln. of iodine in aqua regia and washed the 
precipitate rapidly with cold 'water: 21C1 \ SNU^- 2NII4CI+NJII2, according to 
J. H. Gladstone ; or 3NH4OI Nn3.Nl3-f nceording to C. F. Hclion- 

bcin. J. 8. 8tas purified loclino by first transforming it into niirog(m iodide, and 
then recovered tbe iodine. F. D. rhallaw\iy and K. J. P. Orton mixf'd 300 c.c. 
of hydrochloric acid, s]). gr. l-If), 28 e.c. of nitiic acid, sp. gr. 1 - 41 , and 100 gims, of 
iodine, at and then at O'*, added ammonia. Good crystiils of nitrogen iodide 
can be obliiiiicrl by ailding amnionia to a soln. of pola'iHinin hyjinindite containing 
0*02 mol per litre : 3NII|()I---NJf3T3 | NU^OH-I 2 II» 0 . F. l^aschig said that the 
piocipitaie obtained by the aeliou of potassinni iodide on a soln. of rhloroaniini*, 
in the presence of aniinonium cLloridi*, is similar to that obtained by the action of 
icKline on aq. ammonia. 

Nitrogen iodide does not ajqioar to be formed liy the direct substitution of 
iodine for hydrogen in ammonia, but tbc iuduio reacts wjtb ainmoniiim b3^drox]dc 
as it dors wnh other alkalies, iuruiing ammonium iodide ; anri T. T. Selivanoff con- 
sidered that nitrogen ictdide is most probably formed by the action of ammonia 
on hypoiodous acid which, along with ammonium iodide, is the firM jirodiirt of the 
reaction between ammonia and iodine: Nllyl ILO ( I«- NllJ-f-llOI, for the 
addition of a dil. soln. of iodine to ammonia gives u ch^ar liquid ronlainiug 
hypoiodous acid ; if more iodine is ailded, nitrogen iodide is jirenipiiated and the 
clear liquor contains less of that arid than liefore. On the other hand, nitretgeu 
iodide is soluble in a large amount of amiuonm, forming liypniudous acid so that 
the reactions 2NlT3+3ilOJv NIIa.NVl 31 ^ 0 . NIIaH 211Ul^NJJr242HoO. or 
NHj-f 3TIOI“'Nl3-f3HoO, are revr rsible. It in claiiiKMl that this inleTpretatiou 
is supported by the fact that wdum a dil. soln. of iodine is added to aminunia, the 
liquid remains clear and contains hypoiodous acid. When a further quantity of 
iodine is added, iodide of nitrogen is ]ireeipitated, and the clear liquid then contairiH 
less hypoiodous acid than before. On the other hand, nitrogen iodide is soluble 
111 a large amount of aminunia, yielding a soln. which contains hyjjoiodous acid, 
so that the thn'c equations given above are reversible. It is to this forma- 
tion of hypoiodous acid tliat many of the characteristic reactions of iodide 
of nitrogen must be referred, such os the liberation of oxygen from hydrogen 
peroxide, the lorniation of chloride of iodine by tbe artion of hydrochloric acid, 
and the productifm of iodine derivatives from jihenol. The aecuraej' of this view 
is further confirmed by the action of potassium iodide soln. and of dil. acids on 
iodide of nitrogen. Potassium iodide dissolves all the iodides of nitrogen 
more or less readily, and the soln. formed contains ammonia, iodine, and 
caustic pniash, the reaction being represented by the following equations: 
Nin242H20=r.Nflg-f 2 H 0 I ; and 2 IIOH 2KI-2I242K0H. Dil. acids, on the 
other hand, convert iodide of nitrogen into iodine and iodic acid, both of which are 
formed from hypoiodous arid according to the erpiation 5 JIOI- 2124 1110342ll2t^- 
The change is usually accompanied by a certain amount of decomposition into 
iodine and nitrogen, but tins can be wholly avoided if (1) a small amount of acid 
be employed, (2) sufficient water be present to dissolve the whole of the iodine 
formed, and ( 3 ) the iodide of nitrogen be in the form of a very fine powder. 
T. T. SehvanoiT therefore proposed to call NH3 ; NTg, sesquiiodyhwine ; NHI21 
diiodylamine ; and Nig, triiodylamine. Tliis view of the formation of nitrogen 
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jodidd is virtually that Enjggested by C. F. Scli 5 nbein, and is confirmed by the 
f urination of this compound when ammonia ifi added to an alkaline snln. of potassium 
hypoiodite; KI0-hNIl40H=NH40I+K0H, and the ammonium hyiioiodite thus 
formed decomposes into iiitrugeu iodide. L. Playfair made nitrogen iodide by 
tliO action of bleaching powder on a soln. of ammonium chloride, a reaction which 
J. II. Gladstone represented by Ca(O()l)2+2NH4l=-NH4l2+0a(Jl2-|-2H20+NHs. 
J. J. Andre treated iodine trichloride, or a hydrocLlnric acid soln. of iodic acid with 
aiiimonia — J. H. Gladstone could not verify this method, but F. Raschig showed 
iodic acid and cone, hydrochloric acid form chlorine, and then iodine cldoridc, that 
which, when treated with ammonia, furnishes nitrogen iodide ; with dil. soln. the 
Innp. should be raised. G. R. Sdrullas obtained nitrogEm iodide by treating a 
mixture of ammonium iudate, ammonium iodide, and hydiocbloric acid with potas- 
sium hydroxide. J. Szuliay added an excess of aq. ammonia to a cone, soln, of 
iiuline in one of potassium iodide. He represented the reaction by 
iJNHa |-2l2=2Nll4l+NIJl2. L. Dobbin and D. 0 . Masson found nitrogen iodide 
is formed in the decomposition of tetrametliylammonium dichloruioilidc, 
(rng)4NICn2 ; and C. Uire, in the action of alcohol and iodine on white precipitate 
—in this case, the presence of eaibolic acui inhibits the reaction. 

The composition and constitution of the so-called nitrogen iodide is uncertain. 
It will he observed that the equations for these various reactions depend on what 
VII w IS taken of the composition of the final produrt. A. Bineau, F. Raschig, 
J. Szuliay, T. T. Belivauofl. aiul J. U. Gladstone represented its composition by 
Nlllj ; N. A. E. Millon, ami R. F. Man hund, gave NII2I ; A. Guvard, N5H5I20 and 
; R.Bunscu obtained NII3.NI3 for the composition of the product formed 
in alcoholic soln., free from waiter ; and with iodine chloride and ammonia iu aq. 
Hfiln., NIT^.dNTg. F. Raschig said that the first prerdpitate loriiied has the com- 
])Osi 1 ion NIIji-Nls, and with the washing it pasees to explosive NJlIg, and then to 
KI3 J. W. MaUet obtained ^13:^13; NlgiNllla; NIsiNH.!; and 
NHIn : NHI2. Acpordiiig to F, D. Chattaway and co-workers, the product of the 
dilTeTi'nt reactions is virtually the same if jirecautions be taken to remove free 
iemIIju' and ammonia, and to prevent partial decomposition. When alcoliolic 
holn. are used, the yndd is reduced because of a secondary reaction between nitrogen 
iodide and alcohol giving iodoform, which conUminates the products. 0 . Rull 
siiid that the formula is either II3N ; NI3 or I3N : NI ; and it is generally agreed 
llial in the. so-called nitrogen iodide two nitrogen atoms are linked together to form 
eit her H3N : E I3, or 11 12 N : NHI2. The nitrogen anmunotriiodide hypothesis is con- 
hidtred the more likidy by F. D. C'hattawav and co-workcrs, and others because 
nitrogen iodide whirli has stood under water for some time is very liable to cxjdode, 
and analysis shows that an unstable nitrogdi iodide, NTs, is probably formed, 
hut» if siieh a compound does exist, it is stable only in the presence of a large excess 
uf iodine, and it has not been isolated. The term “nitrogen iodide'* employed 
m dtiscribing the preparation and properties, refers probably to nitrogen ammino- 
triiodide, HgN : NI3, when the nitrogen atoms are quinquevalcnt. 

Nitrogen iodide as usually obtained by the different methods is a very dark 
brown nr black powder. F. D. Cbattaway and K. J. P. Orton obtained it in acicular 
crystals which were copper-red in reflected light, and red in transmitted light. 
The crystals are therefore dichroic ; and probably belong to the rhombic system. 
The Bp. gr. is 3 * 5 . Although moist nitrogim iodide can be handled without danger 
of explosion, the dry compound is very explosive. Explosions are said to have been 
produced as a result of the shock of a falling dust-particlc, and by a fly walking over 
the dry powder. N. A. B. Millon said that the iodide explodes when merely dried 
in air, and this the more readily, the higher the temp. The slightest movement, 
the least elevation of temp., or the addition of sulphuric or any other strong acid, 
whereby heat is probably developed, causes it to explode. When under water, 
the iodide does not usually explode unless strongly rubbed. Contact with oils 
and other fatty bodies does not usually cause it to explode. The explosion, said 
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N. A. E. Millnti, is attcnilpd by a violet light, vieible in the dark; the nitrogen is 
set free ae a gas, and iho iodine as a very fine powder. The white vapour iorined 
during the explosiim is probably ammniuum iodide. R. F. Marchand also observed 
that traces of ammoniuiti iodide are formed during tho explosion ; and K, Bunsen 
said that the first action is NH3-|-Nl3=N2+3nT, followed by the decomposition 
of the hydrogen iodide into its elements, while a little reacts with ammonia, forming 
ammonium iodide. P. Champion and H. Pellet showed that the explosion of 
nitrogen iodide at a distance can produce a second syinpathetio explosion at some 
distance away by merhanical vibrations. Tho lowest number of vibrations are 
about SO per second. Vibrations which give a deep sound have no efiect, but shriller 
sounds readily explode the ioilide. Heat unless accompanied by nuMdianical 
vibrations of tho proper kind does not produce an explosion of the iodide, 

lodido of iiiirogen was placed at the loeus of a parabolic^ mirror, and at the focus of a 
second siinilnr mirror, iiitroglycerol, fulminate of mercury, and gunpowder wero ex- 
ploded The quantity of zutroglycerol necessary to cause tho explosion of Iho iodide of 
nitrogen in tlio oUior focus was determined ; and it wns found lhat as mui h powdor was 
required os would produce (on times the heat given out in tho burning of tli<> rrquiroil 
quantity of nitroglycorol. The mirrors were oiterwards covered with Inmp-Mtu'k, and 
then oven this largo quantity of powder would not causo the iodide of nitrognu to oxplodi', 
Ou tlie other hand, the lamp-black covering did not in tho least prevent tho nitruglyccml 
in one focus from exploding the iodide of nitrogen in the other, 

J. Egert showed that the inter-molecular decomposition of nitrogen iodidi 
takes place according to the equation 8NH3Nl3=5N2-f^GNH4l -1-9121 whetlicr thr 
deromposition takes place in the dark or in the light or is occasioned by detonation 
Nitrogen iodide is not sensitive to shook, and many effects wliich were previously 
attributed to detonation arc due to secondary mechanical effects. The sensitive- 
ness of nitrogen iodide is not materially changed by lowering the temp, to —190'’. 
Gradual isothermal increase of press, to 5000 atm, brings about a decomposition 
in 70 per cent . of the samples of nitrogen iodide. J. W. Mallet, and A. Guyard 
found that nitrogen iodide is decomposed by exposure to light, forming nitrogen, 
ammonium iodide and iodatc ; under water this decomposition usually proceeds 
quietly, but may end with an explosion ; in ammonia the n^action proceeds 
quietly to the end. F. D. Chattaway and K. J. P. Orion found that the pro- 
ducts with dry nitrogen iodide are nitrogen, iodine, and ammonium iodide 
similar products are obtained when the iodide is decomposed by percussion tir 
heat. A. Guyard found that tho rapidity of the decomposition is proportional 
to the intensity of the light ; and he added that heat are without action , 
the yellow rays arc most active, the violet rays least active ; but F. D. Chattaway 
and K. J. P. Orton said that the red rays are tho most active, and that with decreasing 
wave-length the time required for the first appearance of gas bubbles increases , 
there is a second maximum with the blue rays. H. N. Warren found that nitrogen 
iodide instantly explodes, when exposed to the magnesium-light, while a few 
minutes’ exposure is required with the limeh'ght. According to F. D. Chattawa) 
and E. J. P. Orton, nitrogen iodide in ammonia is decomposed by sunlight or 
artificial light : NH3.Nl3=N2H-3HI ; with tho sirndtaneous rcaciioii 

NU3,NI-h3H20=2NHB+3H0I; and NH 8 +H 0 I=NE 40 I ; whilntho hypoiodit^* 
then decomposes into ammonium iodide and iodate. Nitrogen iodide suspendi'il 
in water behaves in a aimlUr way, bat under water, there is also the additional 
I eaction : NH3.Nl3-{-5HI=2NIl4l+3l2. The ammonium iodate produced represent^ 
2 tiO 4 per cent, of tho original nitrogen iodide. The production of the hypoioditi' 
is a hydrolytic process and proceeds in light or in darkness, but the formation of 
nitrogen and hydrogen iodide only occurs in light. According to 0. B. Sirullas, 
N. A. E. Millon, and J. S. Stas, nitrogen iodide gradually dissolvoB under cold 
water, forming in 4-6 weeks ammonium iodide and iodate ; and some free iodine. 
If the temp, be raised, the efissolution proceeds more rapidly ; at 70°, the reaction 
is turbulent; and in boiling water, an ezplosioii occurs. G. S. SSrullas, and 
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N. A. E. Millon said the aq. soln. is neutral ; J. H. Gladstone, aoid. A. Guyard said 
that the nearer the coinposilion of the iodide approaches Nill2, the less is it changed 
by waslung with water ; and F. D. Chattaway and E. J. P. Orton found that 
nitrogen iodide is hydrolyzed by water and alkaline soln. — ammonia and an hypo- 
iodito arc formed : N]£H3l3-|-3KOH=2NH84‘3KOI ; or N2H3l8-|-3H20=2NH8 
+ 31 I 0 I. The hypoiodiic breaks down more or less rapidly into iodide and iodate : 
3KOI— ZKI+KIOs ; or 3H0l=2HI+HT03. In the latter case, the produots of 
the reaction interact, forming iodine ; DHI+HI03=3l2+3U20. In darkness, the 
hydrolytic action of water with the production of iodine, and ammonium iodide 
and hypoiodito explains how with washing, the nitrogen content of ammonium 
iodide is reduced ; until finally nothing but iodine remains. F. Raschig said that 
the original precipitate, NII3.NI3, reacts with sodium hydroxide as symbolized ; 
NH3.Nl3+4Na0H--^Ntt,+3NaH2Tl20+NaN02; and NIIj-NIa t-3NaOII==N2 
f 3 Nal 4 3H2O. According to C. F. Schunbein, an aq. soln. of hydrogen dioxide 
deiomposes nitrogen iodide lurbuleutly with the evolution of oxygen and a little 
mlrogeu, and the formation of a brown soln. of iodine, hydriodic arid, ammonium 
iodide, anrl a trace of iodic arid. F. D. Chattaway found that in alkaline soln., 
hydrogen dioxide forms amnioiiia, alkali iodide, a trace of iodate, oxygen, and a 
little ijjtiogeu. 

J. H. Gladstone found that chlorine slowly decomposes nitrogen iodide ; a 
biinilar result was obtained with bromine water. P. Champion and H. Pellet said 
Ihiit the iodide explodes b> eoulaci with chlorine or bromine. According to 
(t. S. St'nilUs, ami N. A. E. Millon, when dil. hjrdrochloric acid is gradually added 
to nitrogen iodide, niidor water, thi‘ iodide dissolves completely with the evolution 
of g.H, and the solu. contains amniouium chloride, iodide, and iodate. Nitrogen 
iodide IS again precipitated from the soln. if alkah-lye be added because the ammonia 
set free by the alkali reacts with the two salts of iodine present. J. II. Gladstone 
nprescMited the reaction, NHIn-l 3lICl^NH4t'l+2ICl ; R. Bunsen, NII3.NI3 fSHCl 
2xNI]4l1+3in ; and C. Stahlschmidt, Nl3-h4nCl=NH4Cl+3lCl. F. D, Chatta- 
found that in contact with dd. acidSs nitrogen iodide is hydrolyzed 
J3 1 3Il20^2Nll34' 3 IIOI. The ammonia combines with the acid, and the 
lj3'})ujorlito breaks down in a way which depends upon the nature of the acid used ; 
with phosphoric, acetic, boric, or sulphuric ai^ the leactiou is of the typo 
31101 — 2HI+HIO3, followed by 5III+HI03=3I2+31I«0 ; with acids which can 
ri‘aet with hypoiodous acid, other changes occur, for instance, with hydriodic add 
and hydrochloric adds, HOI+UI---I2+H2O ; H0I+HC1=1C1+H20, and with 
hydrocyanic add, lI0l4'UCy^ICy+H2O. With couc. aciils, a violent explosion 
result B, F. D. Chattaway and K. J. P. Orton also examined the action of lead and 
silver iodides. A. Guyard said that potassium iodide and nitrogen iodide, in 
darkness form potassium polyiodide free from ammonia ; and CUpric iodide 
forms cuprous iodide, and ammonium polyiodidc. When an ammoniacal sola, 
of a cojipei salt is mixed with potassium cUodiile, a brilliant, crystalline, garnet- 
colour(>il jirccipitate of copper nitrogen iodide, Cul2,2NI{2l, is gradually deposited. 
When dried, this compound is very stable, but it is entirely decomposed by water, 
with formation of ammonium diiodide, and a bronzc-colouied cupric ox3dodide, 
CuO^I, which is decomposed by heat into black cupric oxide, iodine, and oxygen. 
The double cojipcr nitrogen iodidB is decomposed by nq. ammonia, with formation 
of an ammoniacal soln. of cupric iodide and a residue of an explosive nitrogen 
luilido free from copper. When the double iodide is heated, iodine and the products 
of the decomposition of nitrogen iodide are given off, and a residue of perfectly 
pure cuprous iodide is left. When distilled, the double iodide yields cuprous iodide, 
and brown, violet, and ammoniacal vapours. The brown vapours condense to 
a black product, decomposed by water with formation of a black crystalline nitrogen 
iodide, which resembles iodine in appearance, but which differs from all the other 
nitrogen iodides by dissolving with effervescence in a soln. of potash or soda, nitrogen 
or hydrogen being given off, and a considerable quantity of ammonia formed, 
VOL. vnn 2 B 
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According to Q. S. Sf^rullas, A. Bineau, J. H, Gladiitone, F. D. Chattawar^ and 
C. Btahlachmiilt, nitrogen iodide is almost instantly decomposed by hydrogen 
sulphide with the separation of sulphur, but with no evolution of gas ; the resulting 
soln. contains ammonium iodide mixed with a slight excess of hydiiodic aciil. 
J. H. Gladstone, and F. D. Chattaway found tliat an aq. soln. of solphnr dioxide 
doromposPB nitrogen iodide into hydriodic acid. The former gave for the equation 
NHT 2 + 2 S 02 + 1 II 20 =NH 3 + 2 UI+ 2 H 2804 . A. Binoau ro])re 8 ented the reducing 
action of sulphurous acid, NHIo-f 2 II 2 =^N 11 J+HI. F. Raschig represented tht re- 
action with sodium sulphite : NH3.Nl3+3Na2S03+3H20— 2NH3+3HI+3Na2S04. 
A. Guyard found that sodium thiosulphate furnishes sodium iodide, ammonia, 
and anununiutn sulphate, and F. D. Chattaway represented the reaction ; 
N 2 ® 3 ^ 3 +^Na 2 S 203 + 3 Il 20 = 2 NH 4 l+HI+ 3 Na 2804 + 3 S, and some sodium tetra- 
tbionate is formed. According to F. D. Chattaway and H. P. Stevens, reducing 
agents rajmlly decompose nitrogen iodide, the reducing agent is oxidized, and 
hydriodic acid and ammonia arc formed. The contained iodine behaves like the 
contained chlorine in hypochlorites. If R represents the reducing agent, 
N2H3T3H 3H2O+R— (R03)+2NH4l-fHI. One mol of hydrogen iodide is pro- 
duced for every mol of Sodium sulphite, sulphurous ad^ stannous chloride or 
hydrogen sulphide oxidized, and two mols of hydrogen iodide for every mul ol arsenic 
or antimony trioxide oxidized. A. Uineau found that arsenic trioxule in aq. 
soln. slowly dissolves nitrogen iodide without the evolution of gas : hilll2-|-21l20 
4A82O3-NHJ+HI+AS2O6. 

W. Blitz discussed the stabilization of nitrogen triiodide by ammonia. 
C. Stahlschmidt showed that nitrogen iodide is decomposed by methyl iodide,’ 
H. von Gilmj by ethylamine ; and 0 . Silberrad, by zinc ethyl. A. Guyard showed 
that a soln. of potlissium cyanide dissolves nitrogen iodide with the evolution 
of nitrogen. F. Raschig represented the reartion : Nl3+3Kry4 SlI^O 
=NH3-|-3KOH+3lCy. The reaction was also studied by N. A. E. Miilon, and 
F. D. Chattaway. A. Bineau found that zinc is dissolved when in contact 
with water and nitrogen iodide: Nlll2 + 2Zn + H20 =N1 It fZnO-j-Znr2. 
F. D. Chattaway examined the action of arsenic and antimony on nitrogen iodiilo. 

J. Szuhay observed that moist silver oxide or an ainmoniaral soln. of silver nitrate 
gives a black, insoluble, explosive silver iodoamidc, AgNl2. 11 iodine chloride bo 
added to an ammoniacal soln. of a nilvei salt, 0. 8ilbni rad found that silver lodo- 
amide, AgNH2.Nl3, is formed. G. 8. SeruUas showed that a soln. of potassium or 
calcium hydroxide slowly dissolves nitrogen iodide suspended in water, funning 
ammonia, potassaim iodide, and iodatc, and a trace of nitrogen : 3NIII2+6KOH 
=2ET03-{-4K1-|-3NH3. More nitrogen is given olf with a cone. suln. of potasli- 
lye owing to the rise of temp, which occurs at tlie same time. F. D. Chattaway and 

K. J. P. Orton say that the main reaction is an hydrolysis : N2H3T3+3KOH 
=2NH3-{-3K0I, followed by 3K01=2KI-)-KI03— a part of the nitrogen iodide 
is simultaneously transformed with nitrogen and hydriodic arid. With soln. of 
potassium or sodium carbonate, ammonia, and alkali iodide and hyjioiodite are 
simultaneously formed. C. Hugot represented the action of sodanunonium: 
3NaNIl3+NHa.Nl3=4Nn34 3 NaI+N. 

N. A. E. Millon,^ and A. Bineau found that dry iodine absorbs dry ammonia 
such that, according to the former, 100 grms. of iodine takes up 8*3 grms. of 
ammonia at 10 ° ; 9 grms. at 0 ° ; 9*4 grms. at — 18 \ At — 0 °, and over, the rise 
of temp, accompanying the absorption leads to the evolution of a little nitrogen. 
J. J. Colin, and A. Bineau also said that a combination of ammonia and iodine is 
obtained by gently warming a mixture of iodine and ammonium sesquioarbonate. 
According to N. A. E. Miilon, the reddish-brown liquid is iodomonaiuiiime, NH3I ; 
and, according to A. Bineau, indoha iwiitrianfitniii B, Ig( ^113)3. F. Raschig found that 
at 20 ° the amount of ammonia taken up by iodine corresponds with A. Binean’f 
formula: ut 60 °, with N. A. E. Miilon s; at 0 °, with iododiainiuiiic, I(NH3)£: 
and at - 10 °, with ioduheiuipentaiiiiiime, I2(NH3)5. According to J. L. Gay Lussac, 
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the iodoaimnine Ib deooniposed when heated, and ammonia is evolved. 0. Landgrebe 
noted that if an eiccfis of ammonia he employed the product is as limpid as water, 
but on exposure to air, the liquid thickens. Water was found by J. L. Gay Lussao 
to decompose the iodammine into aq. ammonia iodide, and nitrogen iodide ; a 
current of hydrogen chloride was found by N. A. E. Millon, to convert it into 
nitrogen, ammomum chloride, ammonium iodate, and free ammonia. F. Baschig 
said that iodammine dissolves readily in alcohol without suflering auy change. 
The woik of C. Hugot, and 0. Bufi makes it doubtful if any of the iodanumnes 
are thrmical individuals — vide supra, nitrogen iodide. 
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§ 47. Nitrosyl Halides 

a. Gore^ found that wlion a mixtiiip of sodium ttiinride ard nitrato, and sul- 
phuric acid is distilled, a culourlosa lii^uid which fuim^B li^hs than hydrolluoric acid is 
foTincd. It docs not attack platiunm or paraffin : anil it vulcanizes cauiitchouc 
rajiidly. O.ltiiff and K. Stauhi'r could not obtain any dcfiiiil e compound in this way, 
but by treating silver fluoride with nitrosyl chloride, al 2 (K)"-! 2 jO“, and fractionating 
the cooled product, they obtained nitrosyl fluoride, NOF, as a colDiirh'ss solid whieh 
melts at about — 131^ forming lif|uid whieh boils at — 5 () 0 Uufl and co-workers 
also obtained it by Lcaiing the complex SbFfi.NOP, or ASF 5 .NOP, in a platinum 
tube with iiowdered potassium fluoride for t-fi hrs. at 320’. A cumjdex with the 
arsenic or autiiuony fluoride is set free. The gas is colouibss, attacks dry glass 
slowly, and moist gas ra]iidly. The vap. density l-f)><.‘» l*h0f> at about 23® and 
760 mm. is 1-683, which la very near that ri*qiiiri*d for NOF. The gas, in luari) 
respects, behaves like fluorine and lutroxyl fluoridi\ With water, it forms u blue 
Boln. w'hicb decomposes, forming nitric oxide and nitric acid ; and it docs not react 
with iodine in the cold or when heated ; it does not react with sulphur — cold or 
hot ; similar remarks a]ii)ly to carbon. The reaclum between nitrosyl fluoride and 
silicon, boron, or red pliosphorus in the cold is an oinpamed by mcaiidrscnuce ; 
arsenic and antimony also react in the cold wutli tlie devidojumutl of mueli heat , 
tin, when warmed in the gas, gives a white va])Our ; sodium uinliT similar conditions 
forms sodium fluoride with ineande^cdic^ ; copper, aluminium, lend, and bismiith 
react feebly with the gas ; many organic sulistaiii-es — ^starch, caoutchouc, etc. - 
are attacked with the formation of liydrogeu fluoride. In reactions with the metalH, 
nitric oxide is formed ; and in double deooinposilions, nitrogen peroxide is jiroduced. 
W.ljango prepared nitioi^l fluosulphouate, N 0 SDsF, mixed wulh a litlh' nitrosyl- 
sul])huric acid, by pas.siiig nitrogen trioxule, dried by cahdum nitrate and 
phosphorus jiciitoxidc, into ict'-cold fliuisul])hoiiic acid. The colouih‘Ss crystals 
arc very hygruscopir. The comjiound is decomposed by watiT, and alkali-lye. 
It softens at 118 , and melts at 140°. 

According to J. L. Gay Lussae 2 two vols. of nitric oxide unibes with one vol. 
of chlorine to form a gas w'hich, al - 15° to — 2 i)° condciiseh to form a mixture of 
nitrosyl chloride, Notd, and nitni 8 }ddii'hIoride, N 202 ri|, or NOOl.^. E. Hriuer 
and Z. PylkolT said that the product contains chlorine in solii., and N. lloubnoff 
amd P. A. Giiyo found tliat the excess of nitric oxide can be removed by distilla- 
tion at —150° lo - 100'' ; and the cxceas of clilorinc by fractional distillation at 
—80° — ^the rhlorine is retained at —150°, K, Wourl zel, and E, Briuer and Z. I*ylkolf 
purified nitrosyl chloride by crystallization and fractional distillation in the presence 
of phosphoric oxide. L. Francescoiii and G. ])r<\sciani obtained a good yield of 
nitrosyl chloride by passing the dried mixture of nitric oxide and chlorine over dried 
animal charroal at 40°-50°. E. Brincr and Z. PylkoiT said the animal charcoal is 
noecBsary as a catalyst, for its presence dues not affect tlut yield. E. Schering 
patented tlic use of activated charcoal os a catalyst, claiming that the nitrosyl 
chloride is fornu^d in better yields ; and more rapidly than when a mixture of the 
nitric oxide and chlorine is led over ordinary porous charroal. A. Kiss found that 
the n^action is not much accelerated by one to two per cent, uf nitrogen peroxide, 
bnt 10 jxT cent, considerably hastens the reaction. This catalysis involves the 
rapid reaction : 2 NO 24 CI 2 - 2 NO 2 CI; and the slow reaction of the second order : 
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N02CII+NO==NOC1+N02. These reaotionB are independent of th^ surface of 
the rontaining vessel, and are not averted by light. M. Trautz and W. Oerwig 
meah'irrd the velocity of abhorplion of nitric oxide by liquid chlorinei 
and they calculated velocity constants of the reactions iiivolvedi which are 

(1) 2NO-|-01jj^2NOCl, for which the velocity constant A is of the order 

(2) NO+Cl2“>NOCli;, and (3) NOCl2+NO-»2NOri, for which h (inols. per c,o, 
and seconds) is of the order 102. \i\^ithm the limits of error of the method, the 
velocities of the j)Reiido-binioIecular reaction (1) and of tlie termolecular decom- 
position of NOri^ (2) are the same if the reaction takes place in the gaseous state 
orin liquid nitroh)d chloride os solvent. F. A. Henglein observed no diffenmee in 
tlie rate of fornialioii of nitrosyl chloride when the system is exposed to a magnetic 
field of 20,000 gausses. 

15. Davy obtained impure nitrosyl chloride— or as he called it c/doro- 
nitrom acid -as an orange-yellow gas when nitric acid acts on potassium or 
hodiiim chloride ; J. L. (fay Lussao showed that the prorluct also contains 
hydrochloric arid; iuid that the proportions of nitrosyl chloride and hydro- 
rhhuii' acid so foiined depends on the rone, of the acid, and the temp. 
\\ (\ Williams obtained nitrosyl chlorule by the action of chlorine on nitrogen 
]jeroxiile; R. Miillrr, by passing hydrogen chloride through nitrogen peroxide 
al ”22°; N02*|-2Hn -NOCi+ILO 1 Cl. The liquid becomes red, and some 
chlorine is i-volvcd. Wlicii fractionated, nitrosyl chloride passes oil at —10” ; 
iiitroxyl chloride at 10^ 12°; and ihiTc remains nitric and mixed with some 
nitrogim ]»eroxule. K. Briner and Z. IVlkofl found the product is contaminated 
with chlorine and nilrugeu oxides ; and likewise also with tliiit prepared by the 
action of hydrogen chlonilr un liquid nitrfigen Irio.xide: N202-f2H(1- 2NOn+H20. 
E. Briner and A, Wrorzynsky observed that nitroysl chloride is formed when a 
mixture of nitric oxide and hydrogen chli>ride in subinitted to a press, of 30() atm. 
When nitric oxide is allowed to remain ai high jiress. in a sealed tube, it is colour- 
less at first, but after a day appears blui.di-green. If the tube roiitains a large 
quantity of the gas, dro)is of a blue liquid appear. The reaction is supposed 
to be represented by 6NU 2N20,i I No ; tlie synthesis of nitrosyl chlorido w'ould 
then be explained by the action N203-|-211(1~2N0C1|-IT20. No action occurs 
unless the nitric oxide is above a certain minimum press. When the press, in the 
tuhes was gradually increaser), the blue gaseous phase was first mitieed at 28 atm. 
Tlie rate of formation of nitrosyl chloride increases with tho press. M. Trautz and 
H Schliiter showed the empirical identity of the cLeuiicai conci jition— formation 
of an intermediate compound— and the physical concejiliou — duration of molecular 
inijiactS”- inter- and mulli-mulerular rollisions, The reaction lictweou nitric oxide 
and chlorine, which is purely tenuolrcular within wide ranges of tomperature and 
cimcentration, is shown to jiroceed in two stages in accordance with the impact 
duration law, thus: NO \-i\- NOl'U KOCI2H-NO— 2XOCL The velocity 

const ants for each stage of the react inn are in agreement with those deduced from 
thi‘ law of mass action, and the temp, roeff. agree with the requirenieuiH of tho 
reaction velocity isochorc. All reactions of an order higher than the second occur- 
ring in dil. systems of liquids or gases arc considered to be superimposed reactions 
of tliD first or second order. 

A. Lachmann prepared nitrosyl chloride by the action of hydrogen chloride on 
diphenylnitrosaminc at 0°. A. C. Girard and J. A. Pabst, W. A. Tilden, 
K. H. Kckard and H. Hunter, and J. J. Sudboroiigh and J. 11. Millar made nitrosyl 
chloride by distilling a mixture of putaasium or sodium chloride and nitrosyl siJ- 
phonic acid ; E. firmer and Z. FylknS said that this mode of projiaralion gives a 
product with the least contamination. Nitrosyl chloride is the chief constituent 
of aqua regia (gf.o.). According E. Divots and T. Haga, if nitric acid and hydrogen 
chloride arc allowed to react with an excess of staimous chloride hydroxylamine 
chloride is produced, Wt if insufficient stannous chloride is present nitrosyl chloride 
wd nitrous oxide ore formed. W. C. Williams obtained nitrosyl chlorido by the 
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action of nitric acid on an excess of phosphoryl chloride ; A. Geuther, from hypo« 
nitrous acid and hydrogen chlotido or phosphorus trichloride or pentachloride ; 
and by the action of nitrous acid on phosphorus trichloride. A, Naquet made 
nitrosyl chloride by mixing molar proportions of potassium nitrate and phosphorus 
pentachloride in the cold, and separating the resulting phosphoryl and nitrosyl 
chlorides by fractionation ; and V. Thomas prepared it by the action of nitric 
oxide on ferric chloride— supra, nitric oxide and chlorine. A Finkus and 
M. de SchulthesB studied the ionization whirh occurs during the combination of 
chlorine with nitric oxide. The ionization is due to the emission of bipolar nuclei 
produced by the chemiral reaction itself, and is not in anyway influenced by any 
physical process. Generally, the ionization is very intense, but the number of 
charged particles received by the electrode is always very much less than the 
number of nitrosyl chloride mola. formed. This is exj)laiiiLd, at least in part, b^ 
the recombination of the ions before they reach the electrode. The ioiiizatioii is 
favoured by an excess of rhlorme, the strongest eilert being observed wlien 1 to 
4 vols, of chloiine are mixed with one vol. of nitric oxide. The number of charges 
received by the electrode in a given time is independent of the press, of the roaetmg 
mixture. The ionization persists generally for a few minutes only, and its intensity 
decreases murh more rapidly than the rate of formation of the nitrosyl chloride. 
The results generally indicate that the ionization is brought about by the reaction 
of at least one mol. of chlorine with one mol. of nitric oxide, and it occurs more 
rapidly than the reaction 2 NO+CI 2 — 2NOCI. 

Nitro'^yl chloride was analyzed by R. Muller, E. Wourtzel, and P. A. Guyo and 
G. Fluss , the results agree with the empincal formula NOCl At onlinary triiij* , 
nitrosyl chloride is a gas which condenses, when cooled, to a yellowish-red liquid 
E. Wourtzel found the \ap. density is normal. U. Muller, and A. i\ Guard 
and J. A. Pabst ga\e —5® for the b p. ; A. Baudriniont, — 7*2® ; \V. A. Tililm, 
—8® ; A. Gcutlier, 2® ; and L. Francesconi and G. Brescinni, —D-G®. A Geutlur 
gave 1*4165 for the qp gr. of the liiiuid at —12^ and A. Bandriniont, 1-5677 at 
E. Bnncr and Z Fylkofl gave for the sp. gr., D, at difliTcnt temp , 0, 

40 21 ')" 111 " 05 ’ - 86 " - 207 " - 47 «" - 508 " 

Bpgr,/) . 1221 1285 1*319 1316 1*307 1*400 1 478 1 fi.ii 

They represented the results by Z)- 1*319 ~ 0-0)212'?. E. Rubioowitseh ga\e 
48*1 for the mol. vol. E. Bnner and Z. Pylkoff found /or the viscosity 0*00517 at 
-20®; 0-00:>67 at -25*2®; 0*00580 at -27 ’ ; 0*00001 at -20*5®; and 0*(K)G42 
at —33*3®. The surface tensions at —33®, —22®, and —5*5® were respertively 31*’>, 
32-7, and 30-3 dynes per centimetre; the spicific roLision, 0*1)102, 0-0174, ami 
0*0456 mgrm. per millimetre respectivelv ; and the surfaee energy, <t(MID)\ 4tl, 
424, and 40f) ergs Tespeelively. F. de Block represented the surface lonsion at S'" 
by 0)” where 0^ represents the critical temj). — vide supra, nitrogen. 

A. Baudrimont gave 5 mm for the capillary ascent at —6*8® in a tube 1-2 inin 
bore. According to W. J. van Heteren, nitrosyl chloride freezes, forming blood- 
red crystals which melt at - 65® ; N Boubnolf and P. A. Guye said —64*5®, Fig. 9‘l. 
L. Franccsconi and G. Bresciani foimd that nitrosyl chloride furnishes lenion-ycllon 
crystals atthetemp.ofliquidair,andthe crystals were said to melt at —60° to —GT 
P. A. Guye and G. Fluss gave —61® for the b.p. and -5-6 for the m.p. ; M. Traiitz 
and W. Gerwig, —5*8® lor the m p., and 61-5® for the b.p. The critical temp, i** 
1 03®- 164°. E. Briner and Z. Pylkoff gave 167® £2®, and for the critical press, 
92*4 atm. W. A. Tilden gave from 33 to 33*5 for the vap. density of 10 ®— hydrogen 
unity. The at. vol. of chlorine and nitrogen bring uncertain, E. Briner and 
Z. Pylkoff showed that the mol. wt. of nitrosyl chloride cannot be estimated from 
density measurements alone, but the application of G. Longinescu’s relation between 
the b.p. and density, and W. Ramsay and J. Shields' observations on the surfaro 
energy indicate that nitrosyl chloride is slightly polymerized. The last relation, 
of coarse, refers to the state of the molecules in the surface film, and not in the bulk 
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of ihe liquid. W. A. Eistiakowsky’s relation between the b.p, and surface tension ; 
F. Dutoit and P. Mojoiu's relation between the b.p., surface tension, and vap. press. ; 
P. Walden’s relation between the b.p., surface tension, aud critical temp. ; and 
A. J Batschinsky’s relation between the viscosity and temp.— all indicate that the 
mol. of nitrosyl chloride is not polymerized. Accordinf^ to J. J. Budborough and 
J. II. Millar, the vap. density at 700° is 32*65 — hydrogen unity— which agrees with 
the formula NOCl; and at higher temp., the compound dissociates. The vap. 
density, D (hydrogen), and the percentage dissociation at different temp, are : 

7B4* 790" B15* DM" DBS* 085* 

. 31-77 31-36 31-00 20 00 27-30 27-00 

Di-fsofiation . 6-C4 8*22 10-61 25-17 39-19 41*85 per cent. 

They therefore said that nitrosyl cblorirle is a very stable compound, and is to be 
ipgardcd as the chloride of nitrous arid, 0- N— Cl M. Trautz and co-workers 
hhowod that the dissociation of nitrosyl chloiide can be deteeted at 250°. According 
to H. A. Tavlor and R. R. Deiislow, 3‘51 per cent, is dissociated at 733°; 4'00 per 
Hilt, at 752'*; 4'47 per cent, at 800°; and 5-64 jier rent, at 1123°. The effect of 
iin jLMsiug the surface is negligible^ sci that a pundy gas reaction is involved. The 
iiuTgy of activation is Cals.; this corresponds to a wave-length of 1-76*11^, 
bur, BO far as is known, this dor*B not co]Tc^puud to any band in the abdor^ition 
sper Irum. £. liriner aud Z. PylkolT gave for the vap. press, p mm. ; 

-CSO" -BO* -no* -40* -90* -20" -10" 0" 10" 

P . • 55 130 210 280 m 470 6G0 800 1420 

M Tnutz and Gerwig obtained different values and represented their results 
by log /)=“— 7*SC7 mm. Tliev gave 5'35 Cals, for the mol. heat of 
lajioii/ation ; while E. Bnner and Z. Pylkoif gave A=5*56 Cals., or A/r--9-5 log T 
—0-0077, M. Trautz and C. F. lliiick calculated the heat of lurniatitm to be 
18 ( 'lib. ; and G, N. Lewis and M. Randall, the free energy change, between 500° K, 
aud 7511° K., to be -910I)+U 37. 

J. E. Ciiates and A. Finney measured the rate nf formation of nitrosyl chloride 
from eq. mixtures of nitric oxide and rldorine, by the decrease in press. The results 
agreed be.st with the assimqihon that the K'ACtion is termolecular. The velocity 
constant is 4-2xl0“9 at O'’ when the press, is expressed in millinietrps of mercury 
and tini*' in minutes. A, Kiss gave 2*1)2 \ 10’"® at 18°. TJie temp, coeff. is small, 
being about 1*23 pr rise at 1(P; M. Trautz gave 1*15. A, Kiss said that tlie 
termolecular reaction is accelerated by the prespnee of water vap , although water 
does not act as a catalyst in the reaction between nitric oxide and chlorine at 18°. 
The formation of nitrosyl chloride cither directly or through the intermediate stage 
of nitroB)^ bromide is not affected by light ; tlio direct formation is stimulated by 
the eatulytic effect of a rough surfaee. The reaction velocity is not afleeted by the 
presence of hydrogen chloride or carbon dioxide, and if light is excluded both 
hydrogen and carbon monoxide arc without effect. The rate of formation of 
uitrosyl chloride between 0° and 78° is tlio same whether the mixture is 
illimiinated or preserved in the dark. The decomposition of nitrosyl chloride 
under the influence of white light is strictly unimolecular. The teinj). coeff. of the 
Velocity constant over the range 0° to 78° is unity. D. Alexejcff calculated the 
dissociation constant to be log 5*01 at 450° K. ; —3*78 at 503° K. ; — 3*08 
at 543“ K. ; and —1*90 at 593° K. The reaction was studied by 8. Dushman, 
aud E, Moles; and the photochemical decomposition of nitrosyl chloride, by 
A. Kiss ; and also by E. J, Bowen and J. F. Sharp who worked with light in 
tiie spectral range 4400 A. to 5200 A. They estimated that two quanta are 
absorbed per mol decomposed ] and showed that the heat of the reaction 
NOCl {-45,000 cals."->NO-|-Cl agrees with the assumption that the maximum 
wave-length capable of causing decomposition is 6270 A., which corresponds almost 
exactly with the point at which the absorption of nitrosyl chloride begins, but the 
absorption i]i ted light is too weak to enable tb6 decomposition to be studied • 
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Since the quantum of blue light is greater than the minimum quantum neceBsary 
for decomposition, it is probable that the decomposition is a true unimolocular 
process, NOCl^ h NO^ Cl, followed by bpontaneous reactions re-fonniug iiitrosyl 
chloride, possibly through the intermediate compound NOCl^. For the meaning of 
Ai/, vide 1. 13, 1j. The rate of reaction does not therefore follow the ummolecular 
equation, in contradiction to the assumption of A. Kiss. U. Magnanini found that 
Ifao absorption spectrum of nitrosyl chloride has six hands m the orange and green 
parts of the bpectrum. 

H 0 Jones and J. E Mathews found that when mtrosyl chloride and hydrogen 
are passed u\er reduned platinum cooled by a freezing mixture, the ammonium 
chloride proiliic ed coiitain> 5 per cent, of liydroxylandne chloride W J. \ an Ilel eren 
found liquid chloime and liquid iiitros}] chloiide arc imscible in all projuirluiiis 
N. Boubnoll and P. A. Guy e examined the f p of the binary* system : NO(l C'l^i and 
found that theliquidus curve exliihits no maximum, and there is no sharp minimum 
at the eutectic temp.. — 109", Fig 99. The brndingof thi (iirve near — 107° indicates 
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the possible prp«:nce of an additive compound, invhlmde, NOCI 3 , wliitli is 

highly dissociated e\ cu at — 107°. M Trautz and W Gerwig’s results are illustrated 
by Fig. They found that mixtures kept for some time show a norma! euleetio 
f.p. diagram with nitrosyl chloride and cliloiuie as solid Cioislitueiits. but freshly 
prepared mixtures show a break m the hquidus at the composition of an unstable 
intermediate fomp«Jund, nitrusyl dtt Monde, KOL'l 2 . Trautz and W. Gerwj" 
found tbat mixtures kept for sonic time show a normal eutectic f p diagram witli 
mtrosyl r blonde and chlorine us solid constituents, but freshlyqirepared niixtiircs 
show a break in tlic liquidus at the cornpObition of an unstable intermediate com 
pound, iiitros}'! dirlilonde, M. Trautz and H. Scldutcr said that nitrosyl 

dichlonde cannot be formed by the mteraclion of nitrosyl chlonde and chlorine, 
but only from mtric oxide and chlorine , it is extremely unstable, and the equili- 
brium of tlie reaction by which it is formed lies very close to the left-hand side of 
the equation above The heat of formation of nitrosyl dichlonde is TDUtl cals 
(±700 cals ), and its formation and decomposition vclwity constants are 1-6 a 10 ^ 
respectively H. t). Jones and J. K. Mathews found, that with }iy*lrogejQ sulphide 
at a low temp in ethereal or petroleum soln , NOd+SH^S -NUiCifllgO \ 3S 
M. Trautz and W, Qerwig measured the solubility of mtric oxide, in nitrosyl chloride, 
toluene, and pentane ; E V. Lpn and 0. Hilton studied the action of nitrosyl 
chlondc on heptane , W. Meisel, the action as un agent de vtimatwn on organic 
compounds , P. A. Guye and Q, Fluss, the action on selenium and sulphur to 
form the lower chlondes, SP 0 CI 2 and 82 ^^ 12 ; W. Bolonina, the action on amines : 
R.NIl 2 +NO('l-Rfl+N 2 -f H 2 O, and H 0. Junes and co-workers, the action 
on mcrcaptans-'iii ethereal soln., at -80°, a small proportion of hydroxylamme 
chloride IS formed , with mckel as catalyst ammonium chloride is formed. J. J- Sud- 
borough found that magnesium is not attacked at temp, up to 100 °; silver, 
manganese, and nickel are slightly attacked when kept at 100 ° lor many days , 
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under similar conditions, copper, gold, cadmium, thallium, lead, and platinum 
arc attacked; and tine, mercuzy, aluminium, tin, arsenic, antimony, bismuth, 
and iron are attacked in the cold. P. A. Guye and G. Fluss said that aluminium 
IS not attacked in the cold, but above 500^, aluminium chloride is formed ; silver- 
foil docs not completely decompose the gas but finely divided silver does so at 
40()°-5(X)®, forming silver chloride and nitric oxide; finely divided copper acta 
similarly. IT. 0. Jones and J. K. Mathews found that with palladium at ordinary 
temp, the metal chloride, nitric oxide, and nitrogen are formed ; and at higher 
irnij). ammonium chloride is produced. In agreement with J. J. Bndborough, 
V. (^uttica and co-workers found that nitrosyl chloride forma an unstable compound 
with cupric oxide which decomposes in air, forming cupric chloride ; cuprous oxide 
or chloride forms Cuprous nilTOByl chloride, CU 2 CI 2 .NOCI ; thallous oxide fuims 
thallous nitrosyl chloride, 2T1U1.3NOC1, which is moderately stable in air, but in 
vacuo it forms thallosic chloride. R. Weber observ^ed that nitrosyl chloride unites 
with 1L(‘ aluminium, titanium, antimonic, stannic and ferric chlorides. 11. Gall 
fiiiil 11. Mf'iigdehl fouiiil (hat nitrosyl chloride reacts with the metal halides, form- 
ij>g piimarily uu addition iiroilucl, which may ho stable or may become transformed 
into the criinpound of nitrio nvide and the higher chloride by transfereur^ of the 
clilonuc at 0111 from the nitros)^ chloride to the metal. If the latter compound is 
imstabh*, nitric oxide is oviJved, and the residual higher chloride may unite with 
nitrosyl chloride. Thus at 10°, manganous and nitrosyl clilorides form manganese 
nitrosyl trichloride, MnC'l^.NO, whiih is dcoomposed by water with the evolution 
of Mill oils liuucs, HJul uberi heated {urnishes manganous chloride, chlorine, and 
uiti It o\i(1e , cuprous chloride sinulaiiy forms copper nitrosyl dichloride, CuCl 2 .NO, 
winch gives oil nitric oxide when heated, and yields a dark blue soln. with acetone 
or alcohol resembling that obtained by W. Manchot by the action of nitric oxide 
on a soln. of a cupric salt. Sublimed ferrous chloride furnishes ferric nitrosyl 
chloride, Fcf'lsNOd, obtained by J. J. Sudboroiigh, and this is assumed to 
be a fw^condary product since FcUls.XO h formed as an intermediate product; 
H. lUieiiiboldt and It. Wasserfuhr gave 128^ for the m.p. Antimony trichloride 
Ml Ids antimonic nitrosyl chloride, RbUi 3 .NO('l, mp. about 170'’; biamnth 
nitrosyl chloride, N(K1, m.p. ; aluminium chloride gives 

alominium nitrosyl chloride, Al('J 3 .Norb m.p. 108 -llo^; and mercurous 
ihloTidc gives mercuric nitrosyl chloride, llgC1.2.NO('l. W. Ilampe, and 
Tliomas leprchcntod the complex salt formed with stannic chloriilc by 
■SSD('l4.4KOtl, but R, Weber, A. Bayer, S. M. Jorgimscn and W. J. van Ilcteren 
iigree that stumic nitrosyl chloride has the composition BnC] 4 . 2 X 0 Cl, which, 
.ucordingto Jl, Ilheinl>oldt and li. Wawrfuhr, melts at about 188'’. Similarly, 
plumbic nitrosyl chloride, .2X0(1, was prepared, as well as titanic nillosyl 
chloride, Til 'lt.2NO(1, which did not melt below 220^ J. J. Budborougb prepared 
complex compniinda with cuprous, auric, zinc, titanous, lenic, antimonic, bismuth, 
and platinuiii chlorides. The nitrosyl chlorides of the other metal chlorides were 
not stabh* at ordinary Uuii]). E. V. Lynn and co-workers found that nitrosyl 
chloride acts on n-hoptano in light ; it also reacts with toluene in light, but not with 
benzene. R, H. Fiokard and N . Hunter examined the action of nitrosyl chloride on 
nonanol; and 0. Dicpenbruck, on mercaptan and mercaptides. L Guare^hi 
lound that nitrosyl ehlorido is readily absorbed at ordinary temp, by soda-lime 
or potash-limo. A. (b Girard and J. A. Pabsit used nitrosyl chloride for preparing 
nil roBo- derivatives of organic compounds ; and J. A. Wesener used it in the bleach- 
ing of fiour. The Badische Anilin- und Sodafabrik constructed containing vessels 
niaguesium alloys. 'Eqt nitrosyl fmhhratef vide 2 

^ previously indicated, the twciflh-century Latin work inveniione ventatis, 
attributed to the eighth-century Arabian, Geber, obtained what is now known as 
U(/ita reqia, and he stated tliai the liquid will i1is.solve gold. In the literature of 
the Middle Ages, frequent reference is made to a mix! me of nitric and hydrocblorio 
acids, or a soln, of a nitrate in hydrochloric acid, or of a chloride in nitric acid as a 
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solvent foi gold— ajva regWt aqua regia, Kdntgmsser, OoldaciheidcwasBtir, and Veau 
figak; and it has also Imn called nitromuriatie aoid, and nitrohydrochloric add. 

The iwelfth-centoiy Aibertus Magnua, in hia ComposUtm de compositia, called it 
ieciinda to distinfniish it from nitric acid, in hich ho callDd ot^o pnma ;ianil Haymond Lully, 
in his Tcsiamentum novustmtim, called it aqua halta arntnoman, and saha mtri, M. Odoinar, 
in bis Aor^tra ofi (TAroirutn rAi9iiin/?ri, Arpintoiatip 1060), calliMl the acid 

aqua ralctno/ioni^ omnvm mfollorum, and made it by dibtillation frum a mixture of 
vitriol, saltpetre, and common bait. Babil Valentine, in his Liiztfal'estamrtU (Hambourg, 
1717), and J. K. Glauber, in his i'irmis ntfviii philottophicut (Amstelodami, 1648), deseribod 
aqua regia. J B. van liolmont, uiDe flatibuh in his Ortiig mfduinas (Amsiordam, 1648), 
alluded to the peculiar gas uliicli is exhaled by aqua regia ; and T. Boi^nan, in bis 7>e 
ot/rai^iombus (Upsala, nT*!), seems to have regartlod aejua regia as a siMx-ifie acid. 

The usual way ol making aqua repa is to mix one part of nitric acid witli two to 
four parts of hydrochloric acid. According to J. J. Berzelius,^ the mixture is unstable 
and soon becoinefi yellow owing to the production of chlorine and nitrogen oxides. 
The change takes place rapidly if the aohi. be warmed. In a closed vessel thr 3 decom- 
position ceases as soon as the Lquid is saturated with the gas, but in an open vlwI, 
from which the chlorine can 08ra])e, the action continues until all the nitric acid, 
or all the hydrocliloric acid is decomposed. If the liquid is heated until ohloriiie 
ceases to he evolved, it no lungiT dissoK'es gold ; and furiher, a mixture of hydro- 
chloric acid and liquid nitrogen peroxide does not dis«»olve gold ; but J. L. Oav 
Lussac, and J. Koene said that it does dissolve that metal : C. J. Koene fniind a 
mixture of hydrocliloric and nitrous arid docs not form aqua regia. i\ J. Koene 
found that a miiture of couc. hydrochloric and mine arids n^acts at 0 ". N. A E. Mil 
Ion made the inteiesting observation that mixtures of hydrochloric and nitric acids 
can be made which are free from nitrous arid, and which al ordinary temp, neither 
decompose nor attack arsenic, antimony, jilatinum, or gold. The action, however, 
commences by gently healing the imxturc or by odding a small proportion of 
potassium nitrite. The addition of chlorine has no effect Consequently, he 
concluded tliat the presrnce of Hiltons acid -whether prodmul by tha mutual dirom- 
poaihon of the two acuh ly heal, or by Jired addition to the mixture— sa neceaaary 
before aqua rcqia can disttolve the nnide mctala. 

The prudiicts of the (h rompubition, and the nature of aqua regia, have been 
studied by H. Davy, A. liaudnmont, J. L. Uav Liissar, W. A. Tilden, and H. Gold 
Schmidt. The peculiar jiroperties of aqua regia were stated by H. Davy In bi* dm* 
to the presence of what he called chhronilrous acid, a compound of cfpial vols. of 
nitric oxide, and chlorine. A. Baudrimont hcat«»d a mixture of nitric and hyilrn- 
chlonc and (2 . 3 by wt.) at 62 ^ and obtained the red gas which attacked gold, 
platinum, arsenic, and antimony, hut not phosphorus ; it condens<*d to a red liquid , 
and at 0'^, water dissolved 121 times its vol. of gas. A. Baudrimont called Ihis 
product cMoromhic acid, and reprehented i t by the symbol NjiOaCI^. It was probable 
that dissolved chlorine was present in A. Baudriinont’s ]>rudurt, and the rale ])layi*d 
by chlorine in aqua regia is ignored. Both H. Davy, and J. J. BiTzelius had pre- 
viously stated that the solvent action of aqua regia on gold is due to the presence nf 
chlorine, J. L. Gay Lussac found that at the temp, of boiling water, aqua regia 
gives ofi a gas which condenses to a lemon-yellow liquid which he called rrwid 
chlorhypoazotique, or hypochloronitric acid, N2O2CI4. I^ formation in modernizcil 
symbols was represented: 2HNO3+CIICI -N2O2CI4+4II2O+CI2 ; it was further 
asBumcfl that liypnchloronitrio acid is immediately decomposed by water, 
N2O2CI4 ) 2H20=N204+4HL!L j. L. Gay Lussac also found that the lemon- 
yellow liquid also contained what he called chloronitrous acid, and which is now 
called nitrosyl chlnricle (q.v.). Consequently, he inferred that the products of iln' 
interaction of nitric ami hydrochloric acid aro clilorine, nitrosyl chloride, nitrosyl 
dichloride, and water ; and that the peculiar action of aqua regia on the metals « due 
to the chlmnc hberated by its dreompoaition — the nitrosyl cAlondea pass off as they du 
fffhen the liquid alone is heated^ W. A, Tilden represented the reaction between 
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nitiio and hydrochloric acids by 3HCl+HNOa“NOCl+Cl2+2IIaO ; and this was 
confirmed by U. Goldschmidt, and G. Lnnge and L. Pelet. 

According to E. Brinei, in a closed system, the rcartiun HNOg-|-3HCMNOCIl 
-fCIg-f 2II2O is reversible; the equilibrium press, at is 2-84 atm., and at 20-6° 
to 21° it is 6-1 atm. Within these limits of temp., Ihe sysiem is univariant, having 
throe phases and two independent components. This system is called Veau regale 
siaMh'^ce — ^tliat is, stabilized agua regia. One liquid phase consists of nitrusyl 
chloride and chlorine in equilibrium with the aq. phase, which contains, in addition 
tu the original acids, some chlorine and nitrosyl chloride. The gaseous phase 
contains all the constituents of the system. If the acids used are too dil, the phase 
( ousibting of the liquefied gases docs not exist, and the equilibrium press, diminishes 
as the dilution increases. When the two cone, acids are mixed then- is first a rapid 
Tisi* of several degrees in the temp., which then descends steadily and remains 
constant at about 2° below the original temp, of the acids. The preliminary rise 
in ti-iii]). IB due to the action of the hydrogen chloride on the water of soln. of the 
nitric arid. Taking into account the heats of soln., the heat of the reaction, using 
;;'J |)er cent, liydrochloric acid and 70 jier cent, nitric and, is - 20 CaN., and if the 
dilution of the arids is doubled, the value is —27 Cals. It. IlebeTlom confirmed 
t}ics<* oltspTvnlions on IVau ffgule siaUlim, for in the prrsrnoe of the three jihases, 
till- electrical conductivity is constant for a given temp, whatever he the profiortions 
anil concentrations of the nitric and hydrochloric acids. This is characteristic of 
a univariant system. The stabilized aqua regia is therefore un .^gsthie tampon for 
I uch kind of ion represented in the system. E. Briner gave 2 81 atm. for the vap. 

at 0° ; and ."rl atm. at 20°. The sp. coiiduelhity of the non-aqueous layer 
is a mnxiuium 0*32 i mho at after 24 lirs. 

According to .T. L, Gay Lussac, aqua regia prepared by mixing one part of nitric 
acid with two or three parts of hydrochloric acid is a yellow, fuming, highly corrosive 
liquid which is used for dissolving in hydrochloric acid those niotals which have 
but a feeble affinity for oxyg<*n. When copper, silver, mercury, iiliosphorua, arsenic 
Irifixide, or ferrous chloride is treated watb aqua regia, nitric oxide is formed ; 
JK’u t-2IlN03-f 6H(1- 3Cu(l2+4H20+2N0 ; tin, and the metals wliich dccoiiipose 
Will er readily give oiT no gas, but form aminniiium chloride ; and stannous chlorido 
furnishes nitrous oxide, G. Bunge said that the vapour of aqua regia generally 
behaves towards organic compounds like free chlorine. F. Jjeblauc used aqua 
regia in Bunsen’s cell— 1. 16,5; and A. K. Fedoroll Tecommended it for the 
slerdization of potalde waters. 

Acconliiig to II. U. Laudoll,^ reddish-brown fumes are evolved during the 
aciion of cone, nitric arid on ]»olaBsium bromide, and when fondensed by cooling 
the product is possibly a mixture of nitroayl bromide anil dibromide. If nitric 
oxide be passed into iiroiiiine rooled between —7’ and —15°, nitrosyl bromide^ 
^'OBr, is formed. E. Mules showed that the product always contains a slight 
L’.veess of bromine. W. A. Tilden did not obtain this compound by treating nitroayl 
chlontle with potassium bromide, but rather obtained a heavy black liquid 
rpsenihling bromine, while nitric oxide was evolved. He also said Ibat two other 
hroiiiides are produced, KOBrg and NOBrs, and that nitrnsyl liroinide is to be 
separated from these by fractional disHllnlion ; but 0, Frohlich showed that dis- 
tillation separates nitrosyl bromide and bromine; the two higher bromides are 
simply soln. of bromine in nitrosyl bromide at this temp. A. C. Girard and 
J- A. Pabst obtained nitrosyl broiiiido by the action of sodium bromide on nitrosyl 
sulphonic acid, NO2.HBO8. H. H. Landolt described nitrosyl cliloride as a dark 
brown liquid which begins to boil at —2°, furiiisbiiig a vapour which is a mixture 
of nitrosyl bromide and nitric oxide, and the former constituent condenses on 
cooling ; if the temp, bo 20°, the residue contains 81-1 per pent, of bromine and 
corresponds with 4N0Br=2NO4N2O2Br4; and at a Liglirr temp., the N202Br4 
IB decomposod. B. Dushman, and M, Traiitz and V. P. Dalai studied the equilibrium 
conditions in the reaction 2NO+Brj=2NOBr at temp, between —15° and 15% 
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and with the bromine at 11-26 mm. press., and the nitric oxide, at 11-12 mm. 
press. At higher temp., the nitrosyl bromide decomposes, and at lower temp., 
bromine condenses on the glass containing vessel. The reaction ap]>caT8 to be of 
the third order, with the velocity constant between 0-9 X 10^^® and 1*6 xlO'^®; 
and log 9416/4-573r+2-6 log T 4-l'59. The temp, coefi. is too small to bo 
determined with certainty. It is thought that the roacLiun was complicated by the 
concurrent or superimposed reaction NU4 Br 2 ^NOBr 2 i which comes to equilibrium 
very quickly, and N0Br2+N0^2N0Br, which is measurable. In studying the 
equilibrium between —15° and 330°, with the bromine between 13 and bOO mm. 
press., and tbc nitric oxide between 28 and 900 mm. press., it was found that 
equilibrium is rapidly attained. With th(‘ bromine below 50 mm. press., and above 
140”, the amount of tribromide formed is negligibly small, and the reaction is 

2 NO+Br 2 - 2Nt)Br, with the velocity 
constant 1*1x10 at - 15 ° — vidv supra, 
nitric oxide and bromine. The fusion 
curve, Fig. lOl, shows that the in.p. nf 
nitrosyl bromide is about —53°. The re- 
sults neither confirm nor deny the existence 
of a dibromiJe. The heat of foniiatioii nf 
nitrosyl bromids is estimated to be between 
9000 and 10,500 eals. The observed value 
is 2NO+Br2 2NOBr+0416i 500 eals. 
It is concluded that with lupiid mixtures 
of bromine and nitrosyl bromide, the chief 
product is the tribroinide ; in gaseous mix- 
tures rich in bromine at moderate temp., 
the dibiomidc : and under other conditions, 
nitrosyl bromide and its dissociation pro- 
ducts. II. W. B. Koozeboom measured 
the vap. press, of mixtures of nitrosyl 
bromide and bromine, but obtained no 
evidence of the existence of the higher 
bromides; he found that the vap. pnas. 
with 1-0. 0*9, and 0-79, 0*G8, 0*60, and 0-42 mol of nitric oxide per mol of bromine 
was respectively 889, 700, 631, 545, 491, and 401 ram. Unlike M. M. P. Muir, he 
observed no sign of a discontinuity. M. Trautz and V. P. DaUl gave for the vap. 
press, of nitrosyl bromide : 

-57 5" -60" -40* -so* -20“ -10" 

Vap. press. 327 334 347 384 472 69.3 mm 

The heat of vaporization is 6242 cals., and the critical temp., 210°. H. H. Landolb 
found that nitrosyl bromide sinks in cold water, and remains unchanged, but at 14 
bubbles of nitric oxide arise. The vapour attacks leaf-gold and mercury, forming 
the metal bromides. A. Kiss said that in the reaction between nitrosyl bromide 
and chlorine, no alteration is brought about by carbon dioxide. L. G. de Koniiick 
found that nitrosyl bromide is hydrolyzed by a soln. of potassium hydroxide. 
H. Trautz and V. P. Dalai give : ^KOH+NOBr-l'Aq.^ Aq.+KBr4-KN02+H20 
-f 28-658 Cals. L. G. dc Koninck said that with mercuric oxide, mercuric bromide 
and nitrous acid are formed ; and that it behaves like nitrogen trioxide towards 
aniline. E. Briner found that mixtures of nitric acid and liydrobromic acids behave 
like mixiuicB of nitric and hydrochloric acids, forming a nnivariant system with 
vap. press. 0*25 atm. and ()'60 atm. respectively nt 0° and at 16°. 

According to H. H. Landolt, if nitro.syl bromide be gradually heated to about 30 » 
the residue which remains contains from 82*64 to 63*64 per cent, of brominu. This 
Gonesponds with nitroqi dibmmidey N 202 Br 4 , or N0 Bt 2. He called it BrmufUi r- 
talpetersdure. The product is very dark brown, and resembles bromine ; it begins 
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tures of Nitric Oxido and Hroinmc. 



NITROGEN 


G21 


to boil at about 46^, and then partially decomposM into nitioByl bromide. 
W. A. Tilden could not make tliu compound, and, as indicated above, 0. Frohlich 
n^gardcd it as a soln. of bromine in nitrosyl bromide. As indicated above, M. Tranta 
and co-workers consider that the dibromide is present in gaseous mixtures of 
nitrosyl bromide and bromine ; and the evidence obtained from the f.p. cum is 
indecisive. There is possibly a dibromide with the m.p. — 55°, Fig. 101, 
H. W. B. Roozeboom said that the vap. press, of a soln. of nitric oxide in bromine, 
ill the proportions, N 0 Br 2 , is 601 mm. at — 10 ®, 631 mm. at — 8 °, 729 mm. at —4®, 
and 889 mm. at 0 ®. If gas be allowed to escape at 0 °, the proportion of bromine in 
the residue increases, and the vap. press, decreases. II. H. Landolt said that in the 
presmre of water the dibromide absorbs oxygen: 2 N 0 Br 2 + 3 H 20 + 0 — 4HBr 
-4 2 IINO 3 ; and tlie dibromidc sinks in water, and is ra]iidly hydrolyzed to hydro- 
broniio acid and nitrogim peroxidi^ 

Acr'ording to II. H. Lanrlolt, if nitric oxide he passed into well-cooled bromine 
until the product is decolorized when shaken Milli water, nitrosyl tcibiomide» 
NOBfs, is formed ; and M. M. P. Muir obtained a similar product by the artion of 
uitric oxide on bromine at different jiress. 11 H. Landolt obtained it by distilling 
lulrohvl bromide or nitrosyl diliromide at 40 ’-55°. 0. Frohlich regarded it as a 
mixture of nitrosyl bromide and bromine. M. Trautz anrl V. F. Dalai showed that 
tins ( oiupouiirl is jircsent in liquid mixtures of nitric oxide or nitrosyl bromide and 
bromine as iiubcated on the m.p. diagram. Fig 97. They found the equilibrium 
cini^laut for 2N04 3 Br 2 ^ 2 N()Br 3 t-o be 2'1 a 10^ at —14*6', aud 7-5 XlO** at 
SO ; or log Kp— - 52H75'“i+7-5 log J'+5'10 mm. At about 22 ^ the hf*at of forma- 
tion of NOIirj is between 22, (XK) and 27,000 cals. ; the observed value is 2 NO+ 3 Br 2 

2NOnrj+2J.182 J 800 tals They obtained fur the equilibrium constant of 
KOBr ^ ]ir^,^NOBra, log A'- -1614r-i-F2-5 log T i 1-78 mm. II. H. Landolt 
gave 2'628 for the sp. gr. of the liquid tnliromidc at 22 * 6 ® ; and M. Trautz and 
V. I*. Dalai, 2*637 at 20®/4°. Its m.p, is —40®. The dark brown, almost opaque 
lujuid Ijcgins to boil at 32® with jmrtial decomjiosition. H. H. Landolt said that 
if ia])i(] 1 y heated, the tribromide can be distilled almost unchanged ; when slowly 
distilled, an excess uf nitrogen oxides e.scapes with the earlier fractions and bromine 
finally remains. The tribromide is rapidly dreomposed when shaken with water : 
NOBtjj I 2 H 2 O lIN0j43IIBr; it dissolves in ether, and is decomposed slowly 
by absolute alcohol ; it is decomposed in contact with silver or mercuric oxide, 
foiniing the metal bromide, nitrogen jieroxidc, and oxygen. Powdered sodium 
aiitimonidc strewn in the vapour is inflamed. R. L Datta and N. K. Uhatterjee 
found that a mixturi' uf uitric and hydrobromic acids reacts with many orgauio 
compounds giving nitrosyl tribromide, etc. 

.Vs indical cd in coniiuel ion with iodine tetroxide, N A. E. Millon * oluservod the formal ion 
uf wliHl he ronsiderod to Lie fiUrttao^todtr at id, and If. Kaiiiinen.T what he cunsulored to be 
dtniltogyl tflroxiJp, lj04(N0),, or ina^bo U : 1.DNO, by tn^ating lodino ^ith mlrio 
Slid, or niirOHylaulphuric arid. Tlio yelhm powdor waa ronsidered by H Kapfiolpr to bo 
ni/mfr, T.NUg, nr/( 2 10.0 E. Brinnr scud that mixtures of nitric nml hydriodio 
Hcids do nut form o umvariant 33*81 cm hko stabih/od rniua legia, lor llio lurliiio pruduced 
as a result of tlie primary reartiuu 13 oxidized to iodio acid, with tho ovoluLion ol nitric 
oxido. 
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S 48. mtronl or Nltryl Halides 

According to H. Muiiuan and P. Lebeau,^ a white solid is fomed when nitric 
oxide is passed into an excess of fluorine at the temp, of liquid oxygen ; as the temp- 
rises, the solid melts to a colourless liquid, and if a U-tubc at —HO” is attached to 
the containing vessel, a colourless liquid is condensed. The admixed fluorine can 
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be removed hj two roctificatioiifl, and there remaiiu nltnnyl flaoridey or nkiyl 
fluoride, NOjsF. This compound is a colourless, fuming gas at ordinary temp., and 
it attacks the mucous membrane, producing painful and persistent irritation. Its 
sp. gr. lies between 2'17*2-31 at 0^ the mean value is 2*24 ; its b.p. — 63*5° ; and its 
m p., —139°. Ritioxyl fluoride is very active, chemically, and it reacts with many 
lueUls at ordinary temp. It does not react with hydrogen, in the cold ; but it is 
hydrolyzed by water : NOgF-j-HgO'-llNOs+HF. The reaction is quantitative, 
and was utilized in analyzing the gas. Kitroxyl fluoride does not react with 
fluorine, or chlorine in the cold, but with dry iodine it forms iodine pentaflnonde. 
It liberates the halogen from the iodides and bromides. It does not react with 
sulphur, selenium, or nitrogen at ordinary temp., but it reacts with phosphorus, 
arsenic, and antimony. It does not react with amorphous carbon even at dull 
redness. It readily reacts with many organic compounds hko alcohol, el her, chloro- 
form, carbon tetrachloride, and turjHuitinc ; with benzene it forms nitrobenzene 
and a volatile product which attacks the eyes. It reacts energetically with silicon, 
and attacks glass at ordinary temp. ; it also reacts at ordinary temp, with the alkali 
inctalH, the metals of the alkaline earths, mercury, aluminium, thorium, iron, and 
boron. 

C. W. Ilascnhach ^ made nitroxyl chloride, or niiryl tdihridc, NO2CI, as a pale 
yi llowish'brown by passing a mixture of rhloriiie and nitrogen peroxide through 
a Mrnngly heated tube. A. Kxner used this process. Nitroxyl chloride is also 
obtained from a mixture of hydrogen rhlornle und nitrogen peroxide. 
A \\ Williamson jirepared it liy the action of chlorosulphonic acid on nitric acid : 
(llO)nSOj ^ IINO3 NO2UI ^ 1I2S()4H IIjO. The colourless vapour is said to react 
W1I li wut er, forming nitric and hydrochloric acids. E Bamberger prepared nitroxyl 
t blonde by A. W. Williamson’s method; and N. Kuskmc, by the action of 
phosphorus pentachloride on nitric acid. M. Udet and L. Vignon obtained what 
llH‘y considered to be nitroxyl chloride by passing a slow current of dry chlorine over 
Bd\(r nitrate at 95°-l(X)°, aiul passing diy carbon dioxide through the condensate 
to iciiiovc free chlor'uic ; and also by the action of pliosphoryl chloride on lead or 
siK I r nitrate. A. Exncr used M. Odet and L. Viguon’s process. H. SchiS drojiped 
cone, mine acid on phosphorus pcntachlondc, and found that hydrogen chloride 
IS I volved together with a red liquid condensate. When this is heated, phosphoryl 
ildorido and yi'llowish-brown fumes— probably nitroxyl cliloride — were said to be 
funned. J. lleiutze heated nitrogen peroxide with potassium chlorochromate, and 
(laimed that nitroxyl chloride was formed. M. Odet and L. Vignon said that the 
brownish-yellow gas condiMisi^s to a pale yellow liquid wdiich docs not sobdify. 
K Muller found the sp. gr. at 14° to be 1*32; and the va^Kiur density, 2 -j 2-2'62, 
M. Udet and L. Vignon said that the liquid does not freeze at —31°, and that its b.p. 
18 The chloride becomes dark green 111 contact with ice, and deronqioseB with 
water, forming nitric and hydrochloric acids, without giving oil gas. Silver nitrate 
converts it into silver chloride and nitric anhydride, and R. Muller said that it forms 
]datinum chloride in contact with platinum. E. Bamberger studied its action on 
aniline ; and N. Zuskino on magnesium alkyl halides. 

There are doubts about the individuality of nitroxyl chloride. F. Meissner, 
A. Gut bier and J. Lohmanii, and W. C. WiUiams could not make it by the above 
methods, and A. Gcuthor said that its existence is not very probable because it is 
m>t })roduccd by the action of phosphorus pentachloride on liquid nitrogen peroxide. 
C W. Hasenbach claimed to have made nitroxyl bromide, or nitryl bromide^ 
NOoBr, by the action of bromine on nitrogen peroxide ; and J. Jleintze, by the 
action of nitrogen peroxide on potassium bromochromate, but tbeao statements 
have not been verified. N. Zuskino, however, reported this compound to bo formed 
when bromine vapour saturated with nitrogen peroxide, at 200°-2D0°, is passed 
through a tube filled with bone-osli. C. 'W. Hasenbach could not prepare nitroxyl 
odida, or nilrifi iodide^ NOgI, by the action of nitrogen peroxido on iodine. 



624 INORGANIC AND THEORBTirAL CHEMISTRY 


Reterismxs. 

* H. Moififlan and P. Lebeau, fW/i/. 140. iri7.t, J62], 1906. 

' U. W. Hasenbachp Jnifm. prakt. ('Arm., (2), 4. J, 1871 ; •). ilemtze, (2), 4. 58, 1871 ( 
A« Gutbier and J. Lohmann, i6., (2), 71. 182, 1905 ; W. ('. WilbHma, Journ, Cltm, Sue,, 49. 222, 
1880 ; A. W. Williaiuaon, Proe, Roy, Sor„ 7. ll. 18.')4 ; K. Liefnfs Ann., 102. 115, 1857 ; 
A. Conlhor. lA , 246. 96, 1888 ; R. Muller, i&., 122. 1, 1802 ; 0. Wellzion, lA., 115. 212, 1860 ; 
N. Zuskme, Bull. Soc. fAim., (4), 87. 1 87, 1925 ; F. Meiuner, Jtyia. ZtU,, 10. 27, 1876 ; A. Kxuer, 
^i/:Arr. Alad. Wien, 05- 120, 1872 ; K. Rambci^ger, Utr., 27. ObS, 1804 : M. Odot and L. Vignoii, 
Ctmpi, Hind,, 69. 1142, 1870 ; 70. DO, 1870; Vhim. Ncm, 21. 4U, 1870. 


§ 49. Nitrogen Sulphides or Sulphur Nitrides 

The nonnal sulphide N4S3 is not known, but lii/vlu'r sulphides have been 
prepared. Probably sulphur is the positive and lutroj^en the negative con- 
stituent, ami it can be called mlphur mhuh. In 1835, W. Gregory ^ reported an 
impure nitrogen sulphide to be formed by slowly dropping Rul])hur chloride into 
aq. ammonia in excess, and allowing the mixture to stand until the red product 
becomes yellow. The yellow siibstanre dissoh^s in bi>iling aleoliol, aiul the 
soln. cools, it deposits crystals of sulphur , the coiic. uiF the mother li(|uor 
yields colourless crystals of nitrogen siilidiirle with a composition corresponding 
approximately with NSq. M. J. Fordos and A. GeJis considered tlie alleged 
sulphide was an allotrope ol sulphur insoluble in carbon diMiljihidc ; more 
probably it was nitrogen sulphide, or nitrogen tetrasulphide, N 4 S 4 , eontami- 
nated liy much Hulphur, E. Soubeiran obtained a 8ul])hide coni animated bv l(v>^ 
sulphur than that of yi. Oregorv by the action of ammonia on the so-railed snljdiur 
dichloridr, Stl2* The product was treated with cold water which iii8ai)]vi'd 
ammonium chloride and sulphide, leaving the iiiliugen sulphide as a rcMdui*. TIih 
was rapidly washed with cold water, then with aleoliti], and dried over sulphiiTK* 
acid in vacuo. E. Boubeiran’s jiroduct has a comjiosition corresponding with 
N2B3 ; but A. Laurent supposed that it contained hydrogen, and had the empirical 
composition IINS. 

The compound is endothermal, and therefore M. Berthelnt and 1 \ Vieille said 
that it must be prepared by indirect procehses. Ammonia is the source of the 
uilrogeii, and the suljihur c^n be obtained from the elpineiit, carbou dihul]»hide, 
thioii\l chloride, or sulphur chloride*, S2CI2. M. J. Fordos and A. Gelis passed dry 
ammonia into a soln. of one vol. of brown sulphur in 8-1 1) vols. of carbon disulphide 
until the red precipitate dissolved, forming a yellow soln. ; the ammonium cLlonrle 
was separated by filtration. The spontaneous evaporation of the clear liquid yielrls 
crystals of nitiugen sulphide and later of suljihur. The read inn can be represented 
68012+16^113-^4^4-1 2^)Tl2^'H4^!l. K. Sehenck pa8S(‘d dry ainiiionia into a 
soln. of sulphur chloride in benzine cooled by a freezing mixture, H. II. vnn 
Yalkenburgb and J. C. Bailar used a soln. of 150 c.c. of dry ether and 5 c.c. of 
Bulphui tnonochlonde. The precipitate contains suljihur, nitrogen sulphidi*. iiml 
aminojiium chloride. 0. Ruff anil E. Geisel, K. A. Vosucssensky, and F. F. Burt 
and F. J. Usher extracted the sulphide with dry benzene in SoxhleOs apparatii'i. 
A. K, Macbeth and II. Graham used ammonia and sulphur monochloridc in 
chloroform soln. ; 6S2CI2+ICNH9 -N484+I2NII1CI+4S2. F« E. Francis and 
0. C. M. Davis thus describe the mode of preparation : 

Tho sulphide is best prepared by passing ammonia ml 0 a 10-1 5 per rent soln. of sulphur 
dichiorido in benzene, WJien the orainary chloride n employed, the yield is mu eh smallei 
A rapid current of the dry gaa is passed into the soln. until rod fumes appear, the flank in 
which the operation is bomg conducted ia them cooled, and on maintaining the currenl for 
a short tune the reaction ia completed. After filtering olT the ammonium ehlondo funned, 
the soln , on evaporation, deposits long, orongo-red prisms of lutrogori sulphide. This m 
a beautifully crystalhue Hubstonee, and may bo reaiuly purified by leoiystalhzalion Irom 
either boiling bmzene, toluene, or carbon disulphidp. 

F. F. Burt and F. J. Usher finally purifii-d the sulphide by sublimation in vacuo 
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over silver-gmize at 100”. Some nitrogen sidphide can be recovered from the mother- 
liquor. B. Bchenck obtained a 44 per cent, yield, and he said that the resulting 
Rulphide is so explosive that it is best kept in paper boxes ; the friction of the stopper 
of a glass bottle may cause an explosion. 0. Bnfi and E. Gt^isel consider R. Schonck’s 
method to be the best mode of preparation, and believe that sulphur tetrachloride 
13 the active agent concerned in the reaction : I 2 SCI 4 -|~l(^^Il 8 = 3 N 4 S 4 -|- 4 dHCl+ 2 N 2 . 
A. Mirhaclis obtained nitrogen sulphide by the action of ammonia on thionyl 
rhloride. The sulphide was extracted by carbon disulphide and crystallized from 
the soln. A 10 per cent. }ridd was obtained. 0. Rufi and E. Geiscl obtained 
nitrogen sulphide by the action of ammonia on a soln. of carbon disulphide 
m benzene. According to 0. Ruil and E. Gciscl, hydrogen sulphide and nitrogen 
sulphide are loimed by the action of sulphur on liquid ammonia according to the 
equation 10 S-f- 4 Nn 3 = 6 H 2 S-hN 4 S 4 — v^de stipro, sulphammonium. The hydrogen 
siilphiile is completely precipitated as silver sulphide, and the blue rolour of the 
hulphnmmonium is changed into the orange-red of a soln. of nitrogen sulphide in 
.iinmonia when silver iodide (12 mols.) is added to sulphur (10 atms.) dissolved in 
liquid ammonia. Tlie nitrogen sulphide is isolated by evaporating the filtrate, 
healing the residue at 100 ” for two hours, and extracting with carbon disulphide. 
On eva])L)rating the soln., crystals of the tetrasulpliide were obtained. B. Divers 
and T. Ilaga found that the thermal decomposition of barium amidosulpbnnate 
furni^hi'S some nitrugeu sulphide \ 4(NM2.80g)2Ra=^4RaSO4-j-6R2G~f~2N2~^N4S4. 

Nitrogen tetrasiilphirlc forms goldim-ycflow or yellowish-red, transparent, 
]iiismatic crystals, which, according to R. Schcnck, appear in orange-red needles 
yIimi crystallized from bvnzaldehydc. "When nitrogen tetrasulplude is strongly 
I onli d by liquid air, 0. Rufi and E. Geisel found that its colour Ls pale yellow. 
Thi cmtals belong to the monoclinic system, and, according to J. Kickles, the angle 
of tli»' jirism of the rhombic* crystals is approxiniAlely the same as that of monoclinic 
Biilphiir. According to G. F, H. Smith, the sublimed crystals have the appearance 
of cubes with truncated edges and corners. E. Artini gave for the axial ratios 
a : 6 : c- : 1 ; 0-8430, and j9-=89® 20' ; and G. F. H. Smith, a : 5 : c 
•'-0-8879 : 1 : 0-8180, and ^--89” 37'. The indices of refraction are 2*046 and 
1-908 ; these values are near to those of monochnic sulphur E. Artini said that 
tiMjniiog usually orcura on the (10 J)- or ( 101 )- 2 dane. A. Muh.udis gave 2*1166 
foi the sp. gr. of the crystals at 10° ; S. A. Vosnessensky, 2*2 ; M. Rerthelot and 
P. Vieillc*, 2-22 at 15® ; and F. P. Burt and F. L. Usher, 2-20 at 24® if it has not 
bc(*n sublimed, and 2-24 at 24® if sublimed. According to M, J. Ji'ordos and 
A. Uelis, E. Soubeiran found that with friction the compound becomes electrical 
ami sticky. The crystals explode when struck— say iu a mortar by a pestle, and 
also when suddenly heated. M. Berthrlot and P. Vieillc said that tin* tetrasulphide 
burns without detonation in contact with a Iiot body ; and they gave 207° for the 
trmp. of explosion. U. Sohonck said that the crystals can be melted at 178°, but 
^ J. Fordos and A. GiTis found that the crystals sublime at 135®, and melt at 150® 
i^ith a slow development of gas ; they explode at 160° with a feeble flash, forming 
mlrogeji and sulphur. C. Hoitsema observed that at 170® the tetrasulphide partly 
volatilizes and iu part slowly decomposes into its elements. S. A. Vosnessensky 
showed that it melts at 179° ; the presence of sulphur lowers the m.p. ; subliiua- 
tion occurs near the m.p., and at higher temp, an explosion occurs. F. P. Burt said 
that the vap. press, is appreciable at 100® ; and tin* tetrasulphide sublimes in vacuo 
without decomposition. F. E. Francis and 0. C. Davis found that the temp, of 
decomposition is very definite at 185° ; W. Muthmann and co-workera obtained 
178°. A. Andreocci gave 178®-179° for the b.p. M. Berthclot and P. Vieillc found 
the compound is endothennal having the heat of formation — 127-6 Cals. They 
found the press., in kgnns. per sq. cm., dcvckqiod with charg *s of OT, 0-2, and 0-3 
grin, of nitrogen tetrasulphide and mercury fulminate to be ica jectively 815 to 480 ; 
1703 to 1705 ; and 2441 to 2700. The press, developed by the explosion of nitrogen 
sulphide are, as may bo seen, very HimilaT to those obtained with the fulminate la 
VOL. vnL 2 s 
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the two lattn pxpprimciita. If the explosion detonated in its own volume, the 
press, would be double with the fulminate, but the rapidity of the decomposition 
being very different, the effects produced by the two substances, supposing them to 
be used as detonators or fuses/’ would be veiy dissimilar. According to F. F. Burt 
and F. L. Usher, nitrogen sulphide is decomposed into its elements when sublimed 
in vacuo over silver-gauze at 360 °, forming silver sulphide and nitrogen ; and it also 
decomposed by passage over quartz-glass wool in a quartz-glass tube at a red-heat. 
According to H. B. van Yalkenburgh and J. C. Bailar, the hydrolysis of nitrogen 
tetrasulphide with a large excess of boiling water yields a neutral soln. in which 
21-3 per cent, of the sulphur is present as pentathionic arid, 40-6 per cent, 
as sulphurous acid, 38*1 per cent, as free sulphur, and all the nitrogen as ammonia. 

The compound was analyzed by M. J. Fordos and A. Gelis, M. Berthclot and 
P. Vipillo, and F. P. Burt and F. L. Usher wii h results in agreement wiih the emjiiriral 
formula NS. The data obtained by R. Schcnck from the effect of the sulphide on 
the f.p. of naphthaleiir ; by W, Muthinann and A. IIcvit, uii the b.p. of carbon 
disnJjjhide, and by A. Andreorri, on the b.p. of benzene and chloroform agree adth 
the quadnijdiJjg of the M 7 n]) 1 e formula so as to give N4S4. K. Sehenek argued that 
the sulphur 111 the tetrasulphide is bivalent by analogy with the sulphur diamine, 
S(Nir2)o, and .since ammonia is always produced in the reduction of the 1 etrasulphidc 
while hydraziuB is never formed, he also supposed that the ititrogen atoms are 
directly united by a trijile bund because of the analogy of the tetrasulpliule with 
the diazo-roin]»oundB with respect to colour and explosiveness, Tht‘se assumptiems 
led to the subjoined grajiliic formula. 0 . Ruff and co-workers discredited tlie 
assumption that i he sulphur is bivalent. They showed 1 hat whenever sulpliur is the 
electiopositive pint of a mol., a^ m the sulphur halules, it may be quadn- or sexi- 
valent, but never bi-valent. Arguments based on the bivalency of sulphur in 
St'L are ill-founded liecause of the doubts as to the indi\iduality of this chloride— 
it is considered to be a soln. of The argument as to the quinque- 

valency of nitrogen, based on the colour-analogy with the diazo-compounds, is of 
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little value because the azo-co]n[)ounds with torvaleiit nitrogen exliibit similar 
colour.^ ; and both azo- and diazo compounds can be reduced to hydrazine. 
Hydrazine, houever. cannot be formed from nitrogen tetrasulphide. Observations 
on tlic }iyilTol\>ib, the action of hydrochloric acul, the action of ammonia, and 
on till formation of the thiodiimides show that the total number of active valencies 
in the mol. exceeds twelve. There is nothing to show that nitrogen atoms are 
joined each to each in the mol., and the r<‘duction products make it doubtful if the 
contained nitrogen at oins arc more than tei^'alent. The sulphur atoms are at least 
tervalent, but since no such valency for sulphur is known, it is assumed that some 
sulphur atoms are united each to each. 0 . Ruff and E. Gidsel therefore argucil 
in favour of one of the two fonnul.'c indicated above- preferably the latter. Tin* 
production of iiitrog(*n tetrasulphide from sulphur and liquid ammonia supports 
this view. iS. A, Vo5iie.ssen3ky also favoured the latter, lu harmony with the 
behaviour of the compound on hydrolysis, and with its action on hydrorhloiio 
acifl; N4S4 ♦ lliJICL- tNJl3-l 4 S f 6C'l2. The formation of lead and mercuric 
thodnmuhs is a8.suincd I0 occur through the change from K : 8( ; N.iShN) 2 into 
Nz.8 IIN2, the former furnishes N — S.NiIIg, and the latter 

S: S( ;K)gPb. K. A. Vosnessensky said that the formula doc; not explain the 
leartion- N484 \ CHj.l OCWN3H4CI, etc., and the product ion of the compounds 
N3S4Br, N3S4N03 and N3iS4t'yS; and the reaction: N3S4Cl-i NJl3->N484, etc 
F. P. Burt obtained what ho regarded as a blue allotropic sitrogra tetrunlphide 
by passing the vapour of the ordinary sulphide under reduced press, over silver-gauze 
at 100 °. There was formed a conspicuovz sublimate of yellow sulphide, and further 
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OD, a faint blue film appeared. The blue film gradually inoreascd in quantity and 
Bprcad in both directions. Finally the colour became deep blue and almost opaque 
in transmitted light ; and bronze with a metaUic lustre in reflected light. Analyses 
agreed with (NS)^. The blue sulphide was quite insoluble when boiled with several 
organic liquids which dissolve the yellow sulphide, such as ether, chloroform, bcnzenei 
or carbon disulphide. On shaking or warming a piece of the tubing in water, the 
film rapidly scaled off, and was slowly decomposed. On adding a few drops of 
bromine water, solii. was accelerated, and the resulting liquid gave a precipitate 
of barium sulphate when mixed with a soln. of barium salt. When another portion 
was warmed with a soln. of sodium hydroxide, ammonia was evolved. When 
heated in air, the substance was decomposed with the evolution of vapours having 
an odour somewhat like that of iodine. When heated in vacuum, the substance 
fhowed no signs of volatilizing at 100"^, and it could be freed in this niamier from 
any aeeompanying yellow sulphide. When a small quantity was heated in a melting- 
point tube, decomposition occurred without liquefaction, the suhatance turning 
) I'lluw al about the in.p, of the yellow sulphide ( 18 B°). 

M. . 1 . Furclos and A. G^'Vis said that nitrogen sulphide has a ieeblc smell, and that 
i) irritates the mucous membranes ; A. Michaelis said that the smdl does not appear 
until the subsianee is warmed to 120°. M. J. Fordoa and A. Gelis found that the 
Hiilpliidc is decomposed by water ; but it suffers a slow decomposilion in ecuitact 
with water, forming ammunia and ammonium thiosulphate and trithionate : 
2N4Hi-[-15ILOMNll4)282()af2(Nll4)2S305+2NH3; but M. Bcrthelot and 
I* Vieille said that the sulphide ean be moistened, and dried at 50 ° several times 
WLlliout a])])reciable change. 0 . nuff and E. Geiscl found that when one part of 
till' sulpluile is shaken witli eight parts of cold water in a sealed tube for 24 hrs., the 
liquid smells of animmiia, and a sulphite, sulphate, thiosulphate, and trithinnite 
iMii he detected in the liquid. According to M. J. Fordos and A. (Ii'dis, the rcarti m 
with a soln. of potassium hydroxide can be represented: N4S4+6KOU-I-3JI2G 
= 1NIJ3-|-2K2S()3 t KgS^O,!— if tho nitrogen sulphide be contaminated with suliihur, 
llie reil liquor uhserveil by E. Soubeiran is produced. 0 , Kuil and E. Geisel foiunl 
that when hydrolyzed with alkali-lye, nitrogen sulphide furnishes sulphurous and 
lliirisuljdiiirie acids with a small proportion of hydrogen sulphide and possibly 
rlitliinnie acid, but not sulphuric and tritliiimic acids as obtained during the 
liidrolvMs with water. 

.\r*-urding to E. A. Deinarfay, if chlorine be passed into nitrogen sulphide siis- 
peiuled ill ehlorolonn, the sulphide dissolves with the evolution of heat producing 
an orange reil, then an olive-green, and finally a brownish-red liquid winch, on 
eoolmu, furnisiie.s large, jiiile yellow crystals with the empirical formula SNCl, but 
wliieli W.Mutlinianiiand E. Seiller represent as nitrogun tetrachlorotetrasulphide, 
N Similar cry.slal.s were nude by S. A. Vosneaseusky, and A. Andrcocci. 

E A. Demiifvay said that tliis ehloride unites with nitrogen sulpliidi!, forming a 
J 'mqiouiid, or nitrogen tetrachlorododecasulphide, (N484)3Cl4. W. Muih- 

niJiim and A. (Mever, and 8. A. Vosiiesscusky jirrpared nitrogen lelrabroiuo- 
titrasulphide, N4Br4H4, by the action of a soln. of bromine in caibon 
disiilphide on nitrogen sulphide, and when exposed to the vapour of bromine, 
nitrogen hezabromotetrasulphide, ^484613. Both substances form nitrogra 
dibromopentasulphide, N4S3Br2, when exposed to air, 0 . Huff and K. Thiel 
observed that nitrogen sulphide is decomimsed when heated in the presence of copper 
oxide, wa*-iT, and hydrofluoric aeid, forming thionyl iluoride, etc. According to 
A. Mirhaidis, dry hydrogen chloride reacts vigorously with warm nitrogen siilpliide, 
forming aiunioiiium chloride, and a red sublimate — ^probably N484.St*l2 ; 
A. Amlrcocci obtained a pale yellow chloride by the action of dry hydrogen chloride 
on a soln. of nitrogen sulphide in benzene. 0 . Ruff and E. Geisel showed that dry 
hydrogen clilorido gas at ordinary temp, forms a brown powder which does not 
change in vacuo ; while if nitrogen sulphide be treated with two or three vols. of 
liquid hydrogen chloride at ordinary temp., in a sealed tube, the reaction which 
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occuis may be repreBented : N484+12HCl=4NH8+4.8+6Cll2— no free nitrogen 
is prodaoed. Nitrogen sulphide with barium chlorate forms very explosive red 
crystals. 

The action of hydrogen sulphide on nitrogen tctrasulphide in the presence of 
liquid ammonia has been discussed in connection with sulphammonium. The 
reaction was investigated by K. Riitgers. E. A. Demar^ay studied the action of 
nitrogen tetrasulphide on the chlorides of sulphur — vide infra, thiotrithiazyl-com- 
pounds. H. J. Fordos and A. Gelis, and B. A. Vosnessimsky obtained the com- 
plexes N4S4.2SCI2 ; N4S4.SCI2 ; and 3N4S4.2SC^ by the action of sulphur chloride 
on a Boln. of nitrogen sulphide in carbon disulphide. According to H. B. van 
Valkenburgh and J. C. Bailar, the prolonged passage of ammonia through an 
ethereal soln. of sulphur monochloride jdclds, after evaporation^ a viscous liquid 
of ofiensive odour which does not lose ammonia on heating. A similar compound 
was obtained with selenium. Liquid ammonia gives a black solid when mixed 
with sulphur monochloiidc. H. Wblbling found that sulplmr and selenium 
chlorides react with nitrogen sulphide very slowly. A. Michaelis found that 
dry ammonia does not react with nilrogen sulphide, and in ethereal soln , 
ammonia produces a white compound. The reaction was studied by 11 . Wulliling, 
S. A. Yosnes&ensky, and 0 . Kui! and £ Geisel said that nitrogen sulphide 
copiously absorbs dry aniniouia, foniung nitrogen diamminotetrasulphide, 
N484.2NHS, as an orange-red product which, at ordinary temp., exercises a 
considerable vap. press. Liquid ammonia, at — 40 °, form the same compound, 
which is stable in vacuo at U°. If a liquid ammonia soln. of nitrogen sulphide 
be heated for some hours in a sealed lube at 100°, a bluish-violet soln. is obtained 
which, on evaporating the ammonia, Ipaves nitrogen tetrasulphide as a residue. 
The soln. of nitrogen sulphide in liquid animoma reacts with some metnl oxides 
soluble in the same solvent, forming a series of coloured complexes. F. A. Buiiih 
measured the conductivity of soln. of the tctrasulphide m liquid ammonia. 
M. J. Fordos and A. G 61 is said that nitric acid very slowly oxidizes nitrogen sulphide, 
E. A. Demar9ay also studied the action of nitrogen sulphide on phosphorus and 
arsenic chlorides. 0. Ruff and E. Geisel observed that no action occurred when a 
liquid ammonia soln, of nitrogen Bul})}Lide is treated with arsenic or antimony 
trichloride ; nitrogim sulphide dissolves in arsenic trichloride, forming a slightly 
turbid soln., and m antimony trichloride, forming a clear, blood-red soln. H. W0I 
bling said that no complexes are formed with the phosphorus, arsenic, or antimon\ 
trichlorides. 0 . C. M. Davis, and H. Wulbling prepared the complex N4B4.BbCl5. 

According to M. J. Fordos and A. Gelis, nitrogen tetrasulphide is slightly 
soluble in alcohol, ether, and turpentine, while 100 grms. of boiling carbon ilisulphide 
dissolve 1-5 grins, of nitrogen sulphide ; and, according to A. Andreocci, it is solubli' 
in benzene and in Cdibon tetrachloride. S. A. Vosnessensky gave for the solu- 
bility in grams per litre, in carbon disulphide, benzene, and alcohol ; 
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R. Schenck said that when nitrogen tetrasulphide is added to a soln. of sodium 
ethoxide (4 mols.) in alcohol, the liquid acquires a colour which is purple-red by 
transmitted, and dark green by reflected light, gradually becoming violet and 
ultimately brown; this coloration is permanent in absence of water, but if 
water is added the soln. becomes yellow and acquires a most ofiensive odour. 
Absolute ether precipitates from the alcoholic soln. a substance which crystal- 
lizes in lustrous scales, and exhibits dichroism ; it is excessively unstable, and 
the soln. in alcohol is red. W. Muthmann and A, Clever said that if a 
soln. of nitrogen tetrasulphide in carbon disulphide or carbon tetrachloride is 
heated under 5 atm. press., nitrogen pentasidphide is formed; if similarly 
heated to 110° with ether, no pentosulphide is produced, but a substance smelling 
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like acetamide ia^ produced ; and if siinilaily heated to 125 ^ with benzene^ 
no pentasulphide is produced, but a substanoe with a smell like oleum absynthii 
is formed. W. Muthmann and E. Bcitter obbained thiotrithiazyl-chloride b7 the 
action of acetyl chloride on nitrogen tetrasulphide. According to B. Bchenck, 
nitrogen tetra^phide is indifferent towards primary and secondary bases of the 
aromatic series and all tertiary bases. If the substance is covered with piperidine, 
hf'st is generated, ammonia and nitrogen being evolved, whilst the mass, on cooling, 
deposits thiopipeiidine ; the aotion proceeds quantitatively in accordance with the 
equation 3N|84+24C5nioNH=12(C5HioN)28+8NH3+2N2. When nitrogen tetra- 
sulphide is heated for one hour with dimethylamine, and the product distilled, the 
fraction which boils below 100° is a colourless oil, which solidifies in a mixture of ico 
and salt; this substance is thiodimeihylamine, crystallizing in lustrous leaflets having 
a disagreeable, irritating odour. Ethylamine acts on nitrogen tetrasulphide, pro- 
ducing ietraethylthiodiainine, S(NEt2)2- Nitrogen tetrasulphide converts benzyl- 
amine into polymerized benzonitrilc— t.e. cyanophenine— ammonia and nitrogen 
are evolved ; when, however, the generation of heat is checked, and excess of 
benzylnmine is employed, the ihionamid^ of thiohenzoic acid, S : CPh.N : 8, is 
produced, crystallizing from ethylacclate in beautiful yellow prisms, molting at 
I 04 °- 105 ”. Along with this, a liquid is formed which becomes deep red when 
exposed for some days to air ; on aeidifieation, other extracts the colouring matter, 
which consists of dithiobenzoic acid. Ck)ld ])hcnylhydiazinB is without action on 
nitrogen tetrasulphide, but on application of heat, there is a violent disengagement 
of ammonia and nitrogen, benzene, sulphur, and hydrogen sulphide being also 
jiroduced. F. E. Francis and 0 . C. M. Davis studied the action of nitrogen 
tetrasulphide on various aromatio aldehydes — e,g. benzaldehyde, toliialdehyde, and 
amsaldehyde. II. Wcilbling said that nitrogen sulphide docs not form complexes 
with carbonyl chloride, or with ethyl bromide, ethylene bromide, or benzyl 
idiluridc. 

E. A. Dcinar{ay prepared complexes of nitrogen tetrasulphiib' with silicon, 
titanium, zircomuin, ami slamiic chloridis; and 0 . C. M. Davis reported the 
formation of N48i.Ti2Clfl ; or 2N484.S11CI4 ; and N4S4.M0CI4; and N484.WC14- 
If. Wulbling made N4R4 TiCl4, and 2N4S4.iSiiri4, but stannous chloride does not 
form a complex. AcrorJing to 0 . Ruff and E. Oeisel, soln. of the metal iodides and 
of nilrogeu tetrasulphide in liquid ammonia give preeipilatcs. Lead and merruric 
iodides form the corresponding dithiodiimides but the other iodides do 
not yield definite compounds — c.^,, cadmium, bismuth, and chromium iodides— 
because 1 hey are not sufficiently soluble in liquid ammonia ; silver and aluminium 
iodides, because the products are too soluble; calcium iodide, because the pre- 
ci])itate is difficult to filter ; and potassium iodide, because the precipitate is too 
difficult to wash, 

F, L. Usher found that the sublimation of nitrogen sulphide containing free 
sulphur over silver gauze at about 125 ° yields a filwi of a ruby-red compound which 
turns deep blue on keeping (J hr .-2 days) or on warming at 50 °, and behaves 
like blue nitrogen sulphide of F. P. Burt — oicZe wpra. Nitrogen sulphide free from 
sulphur yields directly the blue compound, from which the ruby compound could 
never be obtained. These modifications are considered to be produced from 
different intermediate volatile nitrogen sulphides, the one giving rise to the ruby 
compound being formed by the decomposition of iiitr0fi[6ii persulphido or nitroSBD 
disulphide, N82, by silver. Nitrogen persulphide is obtained as a dark red liquid, 
resembling bromine, and solidifying to a pale yellow solid at the temp, of solid 
carbon dioxide, by subliming nitrogen sulphide with sulphur at 125 ° iu the absence 
of silver gauze. It has a penetrating odour like that of iodine and can bo distilled 
unchang^ in a vacuum. At the ordinary temp., it decomposes slowly into sulphur 
and yellow nitrogen sulphide. Water decomposes it into ammonium salts aud free 
sulphur. It is more volatile than the sulphide N4S4 ; hydrogen sulphide decolorizes 
an ethereal soln. with the probable formation of a thio-acid of nitrogen. 
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According to W. Muthmann and A. Clever, nitrogen pentasnlphidei N 285 , 
can be prepared by heating nitrogen tetrasiilphide with pure carbon disulphide at 
100 ° for two hours under a press, of five aims. A deep red soln. is obtained 
together with a yellowish-brown, amorphous precipitate ; the filtrate is distilled 
until the greater part of the carbon ^sulphide is separated, and the residue is 
allowed to evaporate at the ordinary temp, in vacuo. The red oily product, 
consisting of a mixture of the pentasulphide with sulphur, is triturated with 
perfectly dry ether as quickly os possible, when the peater portion of the sulphur 
remains undissolved. The residual sulphur is crystallued out by means of a freezing 
mixture at —25° and the filtrate allowed to evaporate in dry air ; finally, the last 
traces of ether are removed by allowing the product to remain over calcium 
chloride, and the residual red oil is filtered. The formation of the pentasulphide 
takes place according to the equation N 484 -|- 2 CB 2 =N 2 S 5 -|-S+ 2 CNS. If the 
product is pure and contains no sulphur, it crystallizes from a well-cooled soln, 
in ether in metallic tablets resembling iodine, 

Tho amorphous by-product mentioned above, on analysis, gave numbers agreeing with 
the formula CiNgS, ; it is a very finely-divided, yellow powder, is extremely hygroscopic, 
and obstinately retains traces of carbon disulphide and nitrogen pentasulphide. It dis- 
solves witliout alteration in concentrated sulphuric tuud, and has properties similar to those 
of pseudocyanogen sulphide, C,NaS,H. 

The pentasulphide is also formed by heating a mixture of nitrogen sulphide and 
carbon tetrachloride, an amorphous black by-product being also formed contaiiiing 
carbon, nitrogen, sulphur, and chlorine ; this quickly decomposes on exposure to 
the air with evolution of sulphur dioxide. It is also produced by reducing 
with zinc dust thiotrithiazyl chloride, N 3 S 4 CI, suspended in methyl alcohol ; and, 
generally, by the decomposition of nitrogen sulphide and its derivatives ; for 
instance, when nitrogen sulphide is exploded by friction, when the compounds of 
nitrogen sulphide with the halogens, or with nitrous acid, are boiled with water, 
and when nitrogen sulphide is heated cautiously with lead oxide. It is not, however, 
formed by heating nitrogen sulphide with ether or benzene at 1]0M25° in a 
sealed tube. A. E. Macbeth and H. Graham found that some pentasulphide is 
formed in the action of sulphur monoohloride on ammonia in chloroform soln. 

Nitrogen pentasulphide is a deep red, mobile liquid, which in thin layers appears 
transparent. It does not wet glass. Its sp. gr. is 1’901 at 1B°. When cooled, it 
furnishes a crystalline, steel-grey mass, resembling iodine, and it melts at 10 °- 
11 °. Its odour resembles to some extent that of iodine, and it attacks the mucous 
membrane. If a little is put on the tongue it appears to have no taste, but it very 
soon develops a severe bum. The analysis conesponds with N 2 SB, and its effect on 
the l.p. of benzene corresponds with the same formula. Nitrogen pentasulphide 
is ra-sily decomposed ; in summer, or in moist air, it very soon gives off gas, forming 
sulphur and nitrogen tetrasulphide. It decomposes when boiled at atm. press, 
into nitrogen and sulphur — at tot the decomposition proceeds slowly with the evolu- 
tion of nitrogen, but the pentasulphide soon detonates. At 10 mm. press., and about 
50°, about 10 per cent, passes into nitrogen tetrasulphide, and 90 per cent, into 
sulphur and nitrogen. It is insoluble in water ; and when boiled with water, a small 
quantity distils undecomposed, and the remainder forms ammonia and sulphur. 
It is decomposed by a soln. of potassium hydroxide in a similar manner. When a 
minute quantity of an alcoholic soln. of potassium or sodium hydroxide is added 
to an alcoholic soln. of nitrogen pentasulphide, an intense but transient violet-red 
coloration is produced, and this reaction is so characteristic that the smallest 
quantity of the pentasulphide can be detected. When the pentasulphide is added 
to alcohobc potassium, a dark-coloured sob. is obtained, from which ether pre- 
cipitates a yellow, crystalline compound; this is probably a nitrogen solpho- 
nitratBi which decomposes directly it is removed from the sob. With alcoholic 
alkali sulphides, it yields polysulphides and ammonia, and with hydrogen sulphide, 
ammonium polysulphide and sulphur. It is violently oxidized by concentrated 
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nitrio acid with f omaiioii of Bolphurio acid ; and with diL hydiochlorio or sulphuiio 
acid, it yields ammonium salts and sulphur. Nitrogen pentaaulphide is soluble 
in most organic solvents — carbon disulphide dissolves 8-12 per cent, dependent 
on the temp. ; ether, 2-3 per cent. ; but it is sparingly soluble in benzene, alcohol, 
and chloroform. The soln. of the pentaaulphide in these solvents is stable provided 
it is nut exposed to light ; an ethereal soln. can be kept for months in darkness. 
In light, nitrogen totrasulphide and sulphur are formed. The absorption spectrum 
of the soln. of the pontasulphide shows a broad band extending from the D-line 
iulo the blue. 

There are throe nitrogen oxysulphldes whose constitution and mol. wts. axe unknown, 
and therefore tliey have not been given a iiomo. ( 1 ) When a soln. of nitrogen toirabronio- 
tetrasulphido in carbon disulphide is treated with iiiirogon peroxide, there ie dppositod a 
{Idle yellow powder consisting of microscopiD prisms. Its composition approximates 
NSOt or NbS« 0|. It is fairly stable in air, but slowly decomposos, giving oil nitrogen 
peroxide. It di^olvos in cold water, and the soln. is neutral ; and whon t he soln. is wanned, 
a blaek sulistance is precipitated which soon begins to dE^oompose. Alcohol gives a dark 
n'U holiL which evolves sulphur dioxide when boiled, and deposits a white crystalline 
buhbtaiire. (2) If nitrogen diliromupciitosiilphidD is treated with nitrogen peroxide in a 
hEinilar way, yellow needles of a substiinro with tlio composition NbSjOb are fonned. It 
dtH.'oniposrb with incnnJcsceure at tiio ienip. of a wiiler-bath ; it dissnlvob in cold water, 
and the aq. soln. doeompuses whon heated. ( 3 ) Jf nitrrigun totrasulphido bo tiuatorl with 
u soln. of nilrugen peroxide in carbon disulphide, a white crystalline mass separates in a 
few hours. The composition approximates KSO4. The crystalline plates are doubly 
rt'fi anting; and thry are diUiquracnnt in air. Tlipy react with water with a hissing 
noise, anil the evolution of nitric nxido: NiS04-|-llsO- NO-|-H,Sl)4. 

In 1880 , E. A. Domari^ay foiinrl yollnw micToscopic crystals of what was con- 
si (Irrrd to be the chloride of a univalent radicle N3S4 among the products of the action 
of yrdlow sulphur chloride on nitrogen sulphide, lie called the radicle NS, thiazyl, 
»ud M,jS 4, thiotrithiazyh He considered the radicle to be constituted with quad- 
nvnlrmt sulphur and tervalent nitrogen, so that the chloride became (N : 8)38.!'] ; 
wliilc W. jyuthmaun and E. Scitter assumed the sulphur to bo bivalent, and the 
nitrogen tervalent, (SNSjgN.Cl, or 

N S 

nhs 'S-a s<f:>s °>n-ci 

N-S' ^ ^ 

E. A. J)oiiiarvay'B formula. W. MuUimaini and E, Selttor'a fiiimuU. 

The compound prepared by E. A. Dcmar^ay was therefore thiotrifhiazyl chloiidef 
N3S4CII. W. Huthmann and E. Seitter piejiarcd this compound from nitrogen 
sulphide by the action of w^arm sidphur dichloride diluted with chloroform ; it is 
mure conveniently prepared by heating nitrogen sulphide with aectyl chloride 
(1 parts) in a reflux apparatus for half an hour, when it is obtained as an intensely 
yellow, ery8tallinQpowder,exhibitingihepropcrtics attributed to it by B. A-Demar^ay. 
On boiling the substance with alcohol during a short period, and treating the liquid 
with a few drops of alcoholic potash, an intense, violet-red coloration is developed, 
a lid does not immediately disappear on dilution with water. Ammonia gas is 
rajiidly absorbed by the dry compound, which explodes violently after a few minutes ; 
if thiotrithiazyl chloride is suspended in chloioform and submitted to the action 
of the gas, the liquid becomes orange-red, and ammonium chloride and sulphide 
nre produced, nitrogen sulphide being regenerated. According to E. A. Demar^ay, 
if the sulphur chloride and nitrogen sulphide react in the cold, black crystalline 
ilithiotetrathiazyl dichloride, B0N4CI2, is formed. It is dissolved by sulphuric 
acid, giving off hydrogen chloride, and is decomposed by heat ; 3S0N4CI2 
-4S4N3Cl-fS2Cl2. E. A, Demaryay prepared Uliotrifhi^l hydiosulphate, 
N384.U8O4, by the action of cone, sulphuric acid on the chloride, and precipitation 

the addition of i-5 vols. of acetic acid. The pale yellow needlc-like crystals 
are stable provided moisture be excluded. E. A. Demar^ay also made thiotci'* 
nttntei N3S4.NO3. W. Muthmann and E. Scitter also obtained the latter 
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by diasohing the chloride in cone, nitric acid, and evaporating the yellow liquid 
in vacno. The resulting nitrate is very explosive, and crystaUizes in sulphur- 
yellow, long, transparent prisms, and when preserved during some days becomes 
opaque and acquire the colour of sulphur dioxide mixed with oxides of nitrogen. 
The sola, in water is yellow and transparent, but becomes opaque in a few 
minutes, depositing a black substance mixed with much suljihur ; a red liquid 
is obtained on boihng the compound with alcohol. Thiotrithiazyl bromide, 
N3S4Br, obtained by (Ussolving mtrogen sulphide and sulphur bromide (6 parts) 
in carbon disulphide, crystallizes in small, yellow needles ; it is also formed when 
excess of bromine acts on thiotrithiazyl chloride in warm carbon disulphide, 
and is identical with the compound produced on exposing the tetrabromide of 
nitrogen sulphide to the action of moist air. The substance is stable in air, and when 
water is boiled witli it, ammonium bromide, sulphur, and sulphurous anhydride 
are produced ; hot dil. alkalis give rise to ammonia, along with alkali bromide, 
thiosulphate, and sulphate, and sulphide. ThiotriQliazyl iodide, N3S4I, is pre- 
pared by dissolving thiotrithiazyl chlonde in ice-cold water and immediately adding 
excess of an ice-cold solu. of potassium iodide ; it is a dark red, crystaUino powder 
which decomposes spontaneously on exposure to the air, vapours of iodine being 
evolved. The compound is also obtained by acting on the chloride with iodine 
dissolved in methyl alcohol, but it invariably contains chlorine when prepared 
in this way. Thiotrithiasyl thiocyanate, N3S4CNS, is obtained by adding a soln. 
of potassium thiocyanate to an ice-cold soln. of thiotrithiazyl chloride or nitrate ; 
it ciystallizes in lustrous, bronze leaflets and resists the action of air. The bait 
dissolves somewhat readily in benzene and chloroform. 
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I 60. Amidowlphinic Add and ib Salta 


The ammoniB deiiTatives of Bulphuroiu and Bulphnnc acids— forming re* 
spectivcly the monobasio snlphurous and snlphuiic acids — ^include the amido , 
the imido-, and the nitrilo -acids according as one, two, or all three atoms of ainmoiu.t 
arc replaced by the sulphinio, HS02-radicle, or the salphonic, HSOs-radicle : 

NH, NE,(HSO,) NH(HRO,), N(HSO,), 

Anunonla. Amldotulphliilr acid. Imldoeiilphlnic acid. NltTiloBulphlnlr acid. 


NH, 

Ammonia. 


AmldMiilplMmli) Mid. 


NH(HSO,], 

Imldwdpliiiiilc Mid. 


N(H80J, 

Nltrllosalpbonlo acid. 


According to J. W. Dobeieinei,^ dry sulphur dioxide reacts energetically with 
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diy ammonia, fonning a pale brown mass, which is decolorized when treated with 
water, forming ammonium sulphite. H. Rose said that in whatever proportions 
Ihe two gases arc mixed, they always condense in equal vols., forming one homo- 
geneous substance — sulphiioammonia — ^which is either yellowish-red and viscid, 
i)i red and crystallme ; the product is very deliquescent dissolving in water without 
evolving ammonia. The soln. is neutral, and is at first yellow, but soon becomes 
I'oloiirlnss. The freshly prepared soln. gives reactions for ammonium sulphate 
and trithionate, and, to a less extent, for ammonium sulphite. Soln. of certain 
concentrations give a transient red coloration with hydrocliloric acid. 0. Forch- 
hammer found the product contains some crystals which were assumed to be 
Riumonium sulphate. He said the moist product is alkaline, and evolves ammonia. 
Alcohol extracts a substance which acquires temporarily a rose colour. 

K. Divers and M. Ogawa fouud that if the gases are very thoroughly dried they 
do not combine at ordinary tt^mp., but if the dried gases, with ammonia in excess, 
ho jnixed in a vessel cooled by a freezing mixture, the solid mass which is produced 
rniisists largely of ammonium amidosulpliiiiate, (NK4)(NHo.S02), mixed with 
nllit'r bubbtumes requirmg more than 2 mols of sulphur dioxide to 3 mols of 
airimonia. If this product be warmed between 30 ° and 35 ° in a current of dry 
nitrogen or hydrogen, it contains no uniidosulphinate, and gives up no sulphite to 
water. It then contains N:S- 1;1 very nearly. If the temp, at which the 
pahes are mixed dors not risn above 30 ° or even 40 °, the product contains very little 
biil]diaU', but if the temp, lisos sutrieienlly high, much sulphate is formed. If 
nroparod at the lower temp., trithioiiatoH are absent. F. Ephraim and H. Fiotrowsky 
found that three ilifierciit products are produced by the interaction of sulphur 
dioxide and aTumouIa : (i) wdih an excess of suljdiur dioxide, amidosulphinic 
and is always formed ; (ii) with an excess of ammonia, ammonium amidosulphite ; 
or (ill) a red product with the same ultimate composition, but with double the mol. 
wt. 2li)02.4NlJ3, which is uiniuouiunL imidosulplimatc, NII^.N : (S02Nll4)2. 

M. Schumann observed that if the sulphur dioxide bp in excess the compound 
SO2.KII3 is formed ; and if the aimurmia be in excess, S02.2Nfl3 is formed. He 
d( scribed the cum]jound NH3.SO2— previously called amidOBUlphinio BCid or 
amtdosulphurous acid — ^as a yellow, crystalline powder which is very hygroscopic. 
It is at once decomposed by water yielding a faintly acid solo, which, when treated 
w j Ih acids, evolves sulphur dioxide without the ])recipitatiou of sulphur. The freshly 
pi epared soln. couUins ammonium salts, and sulphuric, sulphurous, thiosulphuric, 
tiiiliionic, and pcniathionic acids: 4NII3SO2 I-2II2O— (Nll4)2804+(NH4)28303 ; 
N1I,802+H20-NH4HS08; 4NH4([1S03)- (Nll 4 ) 2 S .03 + 2NH4(H804) + H 30 ; 
lONllsSOa + 6U2O = (NH4)2SBOe + 3(NI^)2S04 + SJNU^lllSOJ. According to 
II. Ruse, when the recently prepared soln. is boiled with some potassium hydroxide 
until auunonia ceases to be evolved, and hydruchloiic acid is added, sulphur 
dioxide is evolved but no sulphur is precipitated. M. Schumann pointed out 
that if tritliionates were present, such a treatment would form sulphites and thio- 
Buljihates with the deposition of sulphur. H. Rose found that when hydro- 
chloric acid is added to the fresh soln., sulphur dioxide is given off, sulphur 
is deposited, and sulphuric acid remains in soln. ; cone, sulphuric acid yields 
sulphur dioxide, but with a cone, soln., some sulphur ip precipitated; and 
selcnious acid gives a red precipitate of selenium w'ith a fresh solu. of amidosul- 
phinic arid, but not with a soln. which has boon kept for some weeks. The freshly 
prepared soln. gives a precipitate of barium sulphate when treated with barium 
chloride. The fresh soln. is not affected by a soln. of copper sulphate at ordinary 
temp.; but, when heated, copper sulphide is precipitated; mercuric chloride 
gives a white precipitate, but if the amidosulphinic acid is in excess, black 
mercuric BulpUde is precipitated ; and with silver nitrate, the soln. behaves like 
a mixed soln. of a thiosulphate and trithionate, with a small proportion of silver 
nitrate ; the white precipitate first formed redisaolves ; with a larger proportion, 
the precipitate is permanent, and then changes through yellow and brown to 
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black. The black sulphide also contained some metallic silver, probably reduced 
by sulphurous acid, E. Divers and M. Ogawa, however, said the fresh soln. nves 
reactions which do rot characterize trithionates— e.y. it may be acidified and left 
for hours without yielding more than traces of sulphur or sulphur dioxide ; to obtain 
these in quantity the soln. must be heated under press. The absence of sulphate 
is considered to disprove the production of trithionaie, since, as H. Rose himself 
has shown, sulphate and trithionate are complementary products of the decom- 
])OBition. According to M. Schumann, if anudosulphinic acid bo heated under 
dry carbon disulphide in a reflex apparatus, ammonia is evolved, and a dark red, 
crystalline sublimate with the composition and provisional name trimlphito- 
tetramminej 3S02.4NI13, is formed. This compound is very hygroscopic and yields 
n soln. in water similar to that of ammonium amidosulphinate. E. Divers and 

M. Ogawa consider this coinpimnd as a mbdiure of the decomposition products of 
ammonium aniidosulphinutc ; and M. Schumann considers it is possibly ammomum 
niirilosulphfr, NfSOaNIDg. 

The old ideas os to the nature of the componuds were somewhat vague. 

N. A. E. Millun, and (i. Furc hhammer supposed that the sulphur is combined 
either with amidogen. Nll.j, or with nitrogen. H. RehiS regarded the compound 
NII3.SO2 as a thio)iami)iic and, NH2-S0211 ; and it may be called amidosulphinic 
or amidosulphurous acidt and M. Schumann discus.sed the formula 




H. Bcliiil regarded 2NH3SO2 as ammonium thionariiinate, NIT2.SO.ONET4 
while A. Micluielia and (). Sterbeck represented some organic lieriNalives of 
SO8.2NII3 by a fnrnuila (NH2)2^((^D)2 ; and E. Divers and M. Ogawa assuroerl 
that the ODm]ioiiiid im ammonium amidosulphite, NIf4.N(S()2.Nil4)2, and not 
NH2.SO.ONIJ4. On account of its feeble aetivity as a reducing agent, and its 
easy passage into ammonium sulphite or ethyl ammonium sulphite, it is Bupjuisod 
to 1)1' a sulphured rather than a thionyl compound— Bulphuryl amide. 

According to M. Srliuinanii, when pulassamido is heated to 200 "' in an atm. 
of Hul]ihur dioxide there is a violent reaction, with evolution of light and heat; 
the products are a mixture of the compounds SO2.NH3 and SO2.2NJI3, and a residue 
rouUiiiing potassamide, potassium, sulphur dioxide, and a small quantity of 
auimonia. Similar compounds an* obtained by the action of sulphur dioxide ou 
the anliydrous fatty amines, when brought into direct contact without the prcsciico 
of a solvent at about — Eihylamine yields ethyl amidoeillpllulAte, S02.NH2Et, 
which crystallizes in yellow scales and }delds a colourless soln. in water containing 
the amine and sulphuric, sulphurous, thiosulphuric, trithiouic, and pentathionic 
scids. Dimethyl uiiidosulphiiiate« S02 ,NHMp 2, obtained from dimoth ylamine, 
is a yellow, crystalline maas, and with water gives a faintly acid soln. which contains 
the amine and sulphuric, sulphurous, and thiosulphuric acids only. 

Amidusulpliiiiic acid is mouoba&ic, and fuiuisheH salts, aBlidosulphiliateS or 
amidosidphaJtes, M. Scliumaim prepared ammiminm unidoralphinate, 2Nil3.S02, 
or NH4(NH2 SUjJ, from a mixture of dry sidphur dioxide and an excess of dry 
ammonia in a flask cooled to — 5 ° to — 7 °. It furnishes red fragments and nodules 
which are crystalline aggregates. When exposed to air, it gradually changes to 
a white powder. It di^olves in water with the evolution of ammonia ; and the 
soln. gives a transient red coloration when treated with acids. The freshly 
prepared aq. soln. contains ammonium salts and sulphuric, sulphurous, thiosul- 
phuric, trithiouic, and pentathionic acids. E. Divers and M. Ogawa obtained the 
salt by saturating sodium-dried ether with dry ammonia in a well-cooled flask, 
and then passing in a very slow current of dry sulphur dioxide while frequently 
agitating tnc contents of the flask. A rise of temp, was avoided as much as possible. 
The ether was decanted from the yellow solid into a second flask, and the ether 
adhering to the precipitate tomoved by a cnixont of dry ammonia continued somo 
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hours, while the flask was still cooled hj a freezing mixture. Caking of the salt 
should be avoided. Neither air nor hydrogen can be used for drying the salt ; and 
the flask cannot be removed from the freezing mixture wliilc the solid is moistened 
with ether, without the salt acquiring a yellow colour. When dried in an atm. 
ot ammonia the salt is more stable, but it cannot be kept long at ordinary temp, 
wilhout being discoloured by decomposition. Ammonium amidosulphinate is 
white and probably crystalline. For a possible explanation of the formation of 
Oie red colour of M. Schumann’s product by the heat developed during the reaction 
of the compound gases, vide infra. 

E. Divers and M. Ogawa said that ammonium amidoRuIphmate appears to be 
.sliglilly volatile in a current of ammonia. It is very delir^uesccnt, and, on ex- 
]iosi]re to the air, decomposes, losing ammonia. It dissolves m water, giving out 
heat and a hissing sound, and if dissolved by iee or enough icc-cold water, furnishes 
a soln. answering all the tests for pure ainmonium sulphite. In this resjieet, it is 
quite unlike ammonium amidosuljiliate or carbaiiiritis siuce even the latter salt 
gives at first no precipitate witli calcium chloride, which at onre precipitales all 
.siilphilp from the new salt. AVhen the salt is much df^coinposed, its soln. gives 
oilier reartions besides those of a sulphite. In anhydrous aleohul, it dissolves 
fi>ely, evidently as ethyl amnionium sulphite; it is also slightly soluble in dry 
I'tlier. It soon begins to change, and then assumes an orange colour, even at the 
lumiiion temj). When ammonium aaudosuljiliinate is heated to SU'-So® in a dry 
afin., whether by tie heat of reartion or by external heat, it is decomposed into 
an indistinctly erysialline, white solid, and a much snialliT quantity of a etdrmied, 
eiTer\ espiiig hquid, part of which drains to the bottom of the vessel; after a time, 
iio>\ ever, the whole becomes solid again, and adheres tenaciously to tlie glass. When 
]mn> aiiiiiioniiim amidosuljihate is siinil«irly heated in a dry, iiiaetivc gas, it becomes 
eolonred, softens, sinters together, vesieulates, gives oEI ammonia, and becomes 
a iinibs like that derived directly from the union of the gases. With very gradual 
lieating Ihe temporarily liquid product is much less coloured than in the other 
case, its colour being evidently caused by the presence of red matter dissolved 
111 it, i^liich gives inUiratiuns of being volatile. This orange-riMl suLstance is never 
foinied except in very small quantities. It gives a yellow colour to tlie aq. soln. of 
the wliolc product, which, however, slowly fades. Alcohol, carbon disiiljdiidc, 
and other menstrua dissolve it out from the salts, leaving tlieni white ; but the soln. 
aie not pure. The yellow soln. in water or alciihnl takes a transient pink colour 
vvlien mixed with dil. hydrochlnric acid, and the alcohoL’c bolu., an iiidigo-bluo 
I olonr with concentrated ammonia. The residue left on evaporating the carbon 
disulphide sohi. becomes explosive when heated above 150®, and may then have 
bi‘Pf»mo nitrogen sulphide, but before being heated it is not this substance. 

If ammonium amidosulphinale be lieaied for some time to 30'^-35®, and 
ext ranted with 95 per cent, alcohol, E. Divers and M. Ugawa found that a small 
proportion of a very deliquescent salt is obtained on evaporating the alcoholic sola, 
I’hp residue has the empirical comiKisitiou DNlls+BSOai “-^d it is probably a mix- 
Inre. If the alcoholic soln. be cooled, and sat. with ammonia, minute scaly crystals 
arc obtained which, when dried over sulphuric acid, have the composition 
(NHalafigOg— the earlier analyses gave (Nlfgl^BgOs. E. Divers considers the con- 
stitutional formula to be unidothioimidosulphciiuc addf Nir 2 .S.NJI.HS 03 , or 


HN< 


P 0,.0 

s.NHs 


> 


The soln. is freely acid to Ktmus ; when boiled with dil. hydrochloric acid, it gives 
very little sulphur and no suljihur dioxide ; at higher temp., whether dry or in 
Gain., it yields sulphur, sulphur dioxide, and sulphate ; and when distilled with 
alkali-lye it yields no ammonia unless previously heated under press, with hydro- 
chloric acid. This substance has acidic characteristics and furnishes salts. 
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Bmmoiiiiiiii amidothiciiiiiidoBii]^^ NHiiNsH^Oa) ; potaniiim amUothio- 
imidoBulphonate, ; tarinm amidoibiiiliiiUoB^^ 

Ba(N2H3S293)2 ; bad axoidoihioimidoBOlphiiiatei Pb(N2HsS20a)2. 

la addition to the above-montioned products of the decompoaition of ammomum 
amidosulphinate there are formed as secondary products ; sulphamide, amido- 
Bulphates, thiosulphates, imidosulphatcs, sulphur, and sulphates. E. Divers and 
M. Ogawa also obtained crystals of a substance with the empirical composition 
and provisional name pentasldphitotetrarnminF, 4 NH 8 .DSO 2 , by extracting the orange 
mass of decomposed ammonium amidosulphinate with 96 per cent, alcohol. 
F. Ephraim and H. Piotrowsky regarded it as HS08.(NH.S0)3.NH.HS03, but 
M. OgBwa and S. Aoyama showed that it is more likely to bo nothing but impure 
ammonium trithionate. 

C. A. Cameron and J. Macallan < reported the formation of ammnnmm 
unidoBetenite, NH 4 (Nll 2 SeU 2 )’-analogous to ammonium amidosulphinitr, 
NH 4 (NH 2 B 02 ) — by the action of dry ammonia on a sola, of selenium in absolute 
alcohol. Minute crystals begin to deposit when the ammonia has been absorbed 
for some time ‘ and the crystals can be washed with alcohol and dried over sul- 
phuric acid in vacuo. The analysis agreed with the given formula. The delique- 
scent crystals are said to be hexagonal prisms and p3*ramids, which at ordinary 
temp, give o(I amnionl a, forming the acid salt. Aiiiuiouium amidoselenitc is said 
to he soluble in warm alcohol ; but the soln. slowly deposits the salt in crystals 
when cooled. 100 parts of alcoliolic ammonia at ordinary temp, dissolve 8*33 
parts of the salt ; more is dissolved at a higher temp. Hydrochloric and nitric 
adds have only a slight action ; cone, sulphuric add acts vigorously with the develop- 
ment of much heat. The salt is reduced to selenium by sulphur dioxide, or by 
stannous chloride ; barium chloride gives a small precipitate with the warm soln. ; 
and platinic chloride precipitates ammonium chloroplatinate. If the alcoholir 
Soln. of the normal salt be boiled until crystals begin to separate, or if the normal 
salt be kept for 3 hrs. over sulphuric acid in vacuo, deliquescent crystals of 
ammonium hydioamidoseleiiite, (NH 4 )H(NH 2 Se 02 )> are formed. KK) parts 
of alcohol dissolve 7*U parts of the salt, and it separates in large prisms from the 
alcoholic soln. When the salt is heated, jiart volatilizes unchanged, and part is 
transformed into ammonium seJenite. The salt volaiihzes in vacuo 01 in a current 
of ail ; it is oxidized by chlorine ; and behaves towards sulphur dioxide, stannous 
chloride, barium chloride, and platinic chloride like the normal salt. Acids, including 
sulphuric acid, act feebly in the cold. 

E, Divers and S. llada were unable to confirm these results. They found that 
in the absence of water selenium dioxide is quite indifiBrent to ammonia in the cold 
or to its Boh. in ether. Although not very soluble in alcohol alone, it dissolves 
freely in alcoholic ammonia to become, in absence of water, ammonium ethyl 
selenite, obtainable in the solid state, cither by evaporating the alcohol or by pre- 
cipitating the salt with dry ether. 0. Hiusberg h^ found that an alcoholic soln. 
of selenium dioxide, free from all water, on evaporation leaves crystalB of ethyl 
hydroselenite, wliich slowly decompoBes again in dry air into alcohol and selcmum 
dioxide, or at once, in contact with water, into alcohol and selenious acid. He also 
obtained what appeared to be the aniline salt of this compound, in an impure 
state, by mixing and evaporatiog soln. of selenium dioxide in alcohol and of aniline 
in ether, but only in absence of water. Water at onco decomposed the salt into 
alcohol and the acid selenite of aniline. The production of ethyl ammonium 
selenite acquires interest from the fact that it can be eSoctod only in the entire 
absence of water, to the action of which the salt is very sensitive. The salt is also 
of interest because, in mode of formation and in properties, it closely resembles 
ethyl ammonium sulphite. It is suggested that C. A. Cameron and J. Macallan 
used ammonia which was not thoroughly dried and that their products were impure 
ammonium selenites. 
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§ 51. Amidosulphomc Acid and its Balts 

H. Robg ^ treated aininoiuuni imidosulphuiiate with lead acetate, and decom- 
jiDhtMl the lead salt with hydrogen sulphide, and obtained what he called sulphamic 
ucid, or pymulphamic cu^. This product was probably impure amidosulphcmic 
acid, Nri 2 H.SOs. E. Berglund, in Us memoir Om imidosyljonsifra, first definitely 
ilr ^r nbed the preparation of the pure acid ; J. Bakurai regards this acid as 
Mil})lnirDU8 acid, II.SO^.OII, with the H-atum replaced by the. NHo-radicle, 
Nllo.BOo.Oll ; and just as sulpliurous acid, in point of electrical conductivity 
iii(>a^ureiu(mtH by 'W. Oslwald, and K. Bartli, behaves like a monobasic acid with 
loii.s 11 and HSO's, so aniidosulphonic acid furiiiuhes the ions H‘ and NII 2 SO 3 . 
E. Kerglund called it sulphamic acid and also amidosulphonic acid; and E. Divers 
and T. Hana said the name should be either aminc>sulphonio acid, or amido- 
Milpliuiic acid. E. Berglund obtained this acid by treating barium amidosul- 
piionate w'llh dil. sulphuric acid, and heating the product on a water-bath with 
the gradual addition of barium hydroxide, still maintainmg an acid reaction. 
Wlien an excess of ammonia and barium hydroxide no longer gives a precipi- 
tate of the imidosulphonate, the liquid is sat. with barium hydroxide, the barium 
sulphate filtered oil, and tlic sohi. sat. with carbon dioxide. The clear filtrate is 
evA])oratod for the acid. F. Raochig found that a large yield of amidosulphonic 
aeid is obtained by evaporating an aq. soln. of hydroxylamine chloride sat. with 
sulpliur dioxide ; and F. Krailt and £. Bourgeois recommended keeping the soln. 
of liydroxylaniino chloride sat. with sulphur dioxide for 2-3 days by means of a 
slow current of the gas. The acid was purified by crystallization from slightly 
warm water, but it is easily converted by hot water or by damp air at 
into ammonium liydrosuljihute. E. Divers and T. Haga said that other salts of 
liyrlruxylamine or even the base itself can be used in place of the chloride. They 
preferred the sulphate because the liberated sulphuric acid reduces the solubility 
11 the amidosulphonic acid, whereas hydrochloric acid has very little influence. 
They also worked with soln. cooled by a freezing mixture. They considered this 
method to bo the most convenient, but it was found to be cheaper to prepare the 
acid by sulphonating sodium nitrite by moans of sulphur dioxide and sodium 
carbonate, and hydrolyzing the resulting nitrilosulphonate to acid sulphate and 
amidosulphonate : 

Two raols of Sodium nitrite, anil 3 mgls of sodium caibonato are mixed with enough 
vator to make Iho whole weigh 18 times as murh os the sodium nitrite alone. Sulphur 
dioxide is passed into tlie soln. until it is acid to litmus. Usually the nitrilosulphonate 
rhanges rojudly into the tmidosulphonate, hut a drop of cone. sulphurJe acid hastens tlie 
chuige. There is a marked development of heat, and much sulphur dioxide is evolved 
owing to the interaction of the acid sulphate and the mBlasulphite. Warming the mixture 
for a short time, or allowing it to stand for a few hours, will hasten the hydrolysis of imido- 
BUlphonate into amidosulphonate and acid sulphate. The soln. is neutralized by adding 
a mol of sodium oarbonate, and evaporated by boiling or otherwise until it weiglis 18 times 
■u much as the sodium nitrite originally taken. The soln. is left overnight in a cool place 
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when nearly all the Bodinm sulphate will be deposited in oiystala. The mother^llqnor 
is drained from the or^^tala, and the clear soln. of sodium amidosulphonate treated with 
cone, sulphuric acid wei^liing 3 to times that of the sodiiun nitrite originally employed. 
The mixture is sot aside for a day in a cool place. The crystals of amidosulphonio acid 
wliich separate are d ruined on porous tubes, and washed wiih a little ice-cold water. The 
salt can be purified by cooling a soln. of the salt in about 2} times its weight of boiling 
water. Tho mother-liquorB ran be worked up by evaporation, and by precipitating tho 
acid with cone. Rulphuric acid or alcohoL A yield of 75 per cent, is readily obtained. 

A Boln. of the acid is also obtained by treating, say, barium amidosulphonate 
(q.v.) with the calculated quantity of dil. sulphuric acid. U. Divers and T. Haga 
found that the acid is formed by reducing hydroxylamine sulphonic acid, 
U 0 .N(HB 03 ]j£, in acid soln. by a copprr-zinc couple, by siuliiim amalgam, or by 
zinc and sulphuric acid. E. Divers and T. Haga found that jiotassium nitroso- 
Bul}diatc forms some atuidosulphonatc when reduced by sodium amalgam. E. Bcig- 
lund observed that a inixluro uf sulphur trioxidc with an excess of ammonia some- 
times yields a little ammonium ainidosulplionale along with imidosulphonate ; 
Wp Traube found that snljihaniide is decomposed by boiling alkali-lyc into amiilo- 
Bulphonatc and ammonia. F. Kra&t and E. Ilourgpois, and P. Eibner obtained 
acetyl arctaiiiidosiilphouati^ 1)y the action of fuming bulidiuric acid on acct<oniirile, 
and this readily hydrolyzes into acetamide and amulosuljihonic arid. M. Rclimidi 
obi ained amidosul))htinic acid by treating acetoxime wit h sul^ihuruus acid. E. llerg- 
bind showed tliai methyl sulphate and ammonia do not form motliyl nmido- 
sulphouate, but ratlier primary, secondary, and tertiary snlphates and aiinnouiuin 
sulph.ito. W. Traube and IC. BrrhnuT louud that the salts of iliinsuljdionic acid 
possess the remarkable pnqierty uf exchanging the fluorine atom for an amine-grouj) 
when troiited with an aq. soln. of the requisite base; under these conditions, a 
portion of the lliiosulpliunic acid, groat(T or less aceording to 1 he strength of the base, 
is hydrolyzed to hydrofluoric ami sulphuric acids, which represent the sole by- 
prrtducls of the change and wliich run be removed readily by chalk or barium 
liyilroxule. A number of alkyl amidoBuIpbonates were prepanul in tbib manner. 

Amidobulphouic arid i^^ dcseribed by E. Uerglund as bidng colourless and 
c»dniirle.ss, and having a sharp, ]mrely arid tobte ; it crystallizes from its aq. suln. 
better than most of it's salt.s. Tlie crystals are rhombic plates wdiirh, according to 
A. Fock, have the axial ratios a: b:r 0-11(118: 1 : 1-1487, and are iboiut»rj)huus 
with the potassium salt. E. Divers and T. Haga found the sp. gr. in ether to be 
2-03 fit 12 . M. St biiiidt hulil (but (lie m.p. is near 200 ' ; and E. l)i\ er.s and T. llag.i 
found the ajqurent m.p. to be near 20^°, but added that llie acid has iiu real m ]». 
becaiibf 111 the act of melting it deconipobos. The evcdulion uf vapruir at the m.p. 
is but flight in dry air, but w greatly affected b}" the presi'iire of moisture in the 
acid or in the Mirruunding air. E. Bergluml said that when aniirlo»ul]>honie and 
is ra])idly heated in the absence of moisture, it is deronqmsfMl, funiiing sulphur 
dioxide, nitrogen, water, bu1]diuric aciil and, added p]. Divers and T. Hagri, 
ammonia. Below the temp. a1 whieh these changes occur, near 205'’, the aeid 
undergocM an intramoloeulur change. In a closed space pioiocted from air, the 
acid Mibtains no loss in half an hour when heated to 220°, and only about 1 pi'r 
cent, when heatf‘d to 200° ; just below 2G0° small bubbles very slowly form in the 
liquid, but beroinc reabsorbed if tho temp, is low^ered ; they consist, almost cer- 
tainly, of nnimonia. There is much expansion in the act of melting, the uii- 
iiieltF'd imrtide.s sinking freely in the melted ])art ; on cooling, the liquid forms a 
vitreous maSpS, which curiiracis so much os ])aiily to detach itself from the glass, 
oven cracking this when very thin. The vitreous product is brittle, exceedingly 
deliquescent, and very soluble in water. If kept dry, it remains quite trausjiarcnt, 
and shows no tendency to crystallize even after the lapse of several days. The 
vitreous muss liu.s the same ultimate composition as the acid, and when dissolved 
in water it furnishes ammonium hydrosolphatc owing to its interaction with the 
solvents. It is therefore inferred that nearly half the amidosulphonic acid is con- 
verted into a sulphate. When tho vitreous mass is dissolved in alkali-lyc, sulphurio 
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acid and ammonia ate the chief prodncts, though the proportion of the former is 
less than before, but the amount of the latter is about the same, and in excess of 
that reouiz6<^for ammonium sulphate ; imidosulphate is also present in the alkaline 
Boln. Borne ammonia is present in the vitreous mass as aniinonium imidosulphonate 
which hydrolyzes into sulphate and amidosulphonic acid more madily in water 
than in alkalidye. It is therefore inferred that ammonium sulphate and imido-* 
Bulphonatc are produced by heat without any escape of gas. Tliis is only possible 
if the sulphate and imidosulphonate exist as their unknown pyrosalts. Analyses 
agree with the presence of mol. proportions of ammonium pyrosulphate, (NH4)2S207, 
and ammonium imidosulphaUi, (NH4)N8205; thus, 4NH2.HS03“-^(NH4)2S207 
4-(NII4)NS20 b* When the acid is heated above 260°, dense white vapours" of 
sulphur trioxidB, sulphur dioxide, and nitrogen appear ; as the temp, rises decom- 
pu^iiinu proceeds more rapidly, and the vapours become more transparent. The 
pvro-salts formed below 260° are supposed to decompose as represented by 
5(NIl4)2S207 + 5(NIl4)NB20fi ■- 6NH4H8O4 + 3HN(Nll4B03)2H-2No +N 1 I 3 H -6802 
The de.compositiou at still higher temp, causes the residue to become 
rirlier iji water, and poorer in amuiouia and imidosulpliate until at last ammonium 
liydrosulphate alone remains. When heated in ordinary damp air at 100°, amido- 
h.ulji)ioiiie acid slowly fixes water by liydrolysis, and the surfuce of the crystals 
bcconu'S sticky. F. RraflL and E. Ibmrgcois said that this change proceeds freely 
at - MO"*, while E. Bcrglund found that the change does not occur below 190 ° ; 
but in the latter ease, moisture was not coneiTned in tlie reaction. 

1). Tukuhashi found that subcutaneous injections of sodium aniidosulphouate 
into a frog, and intravenous injections in a dog produced no injurious symptoms, 
iudirating that tlie aniidoHulphimatos have no direct toxic aclitm on animals. 
U. IjOcw observed no injurious effects on infusoria, rotatoria, and copepoda; but 
aini(losul])hcmic acid has a decidedly noxious action on phancrogains ; while mould 
fungi and bacteria can utilize amidosulphonic acid as a source of nitrogen. Ainido- 
sul]diouic acid is si able in air, and not deliquesc(Uit wlien cold, but generally relains 
about one per cent, of moisture either hygroscopically 01 as ammonium hydro- 
sul]))iate. According to E. BiTglund, the acid is very soluble in water ; but it is 
less soluble than any of its salts cxcc])ting the silver and basic niercury salts, 
E. Divers and T. Ilaga found that 100 parts of water at U ' dissolve 20 ])arts of amido- 
sulphonic acid, and at 70°, 10 parts. Hot water has some chemical ai-tion on the 
salt HO that an accurate determination of the solubility is not practicable. No other 
enlvent has been found. The addition of sulpliurous acid greatly depresses the 
solubility ; sodium hydrosulphato acts similarly. Nitric and aedic acids act 
Miiiilarly but to a less degree ; while fuming hydrochloric acid does not reduce the 
solubility. A. Haul zsch and B. C. Stuer found the mol. electrical conductivity, fi, of 
Bolu. with a mol of tbe acid in v litres of water at 0° ; and J. Sakunii, at 2^, to be ; 

» • 75-7 161-4 302-8 1211-2 32 12S 512 00 

M . 218-0 220-1 230-7 24G-8 295-8 341-11 3lil-9 374-0 

Amidosulphonic acid has about the same strengt>h as iodic acid, and is a much 
stronger acid than sulpliurous acid. The percentage, degree of ionization is 79-09 
for the 32 0 soln., 91-42 for tlio 128 v soln., 96-79 for the 512 v snln. ; and 97-99 for 
the 1024 V soln. E. Bcrglund found that the acid is fairly stable in cold aq. soln., 
and the presence of neither dil. hydrochloric acid, nor a niixtun^ of hydrochloric acid 
and barium chloride, affects its stability in the cold ; but a mixture of hydrochloric 
acid and barium chloride may bo boiled for an hour before barium sulphate is 
precipitated. Ho said that the acid in aq. soln. can be boiled (or an hour without 
decomposition, though it is broken down by continued boiling, Hydrochlorous acid 
hastens the hydrolysis of the acid. F. Raschig also emphasized the stabiUty of aq. 
Boln. of the acid, and F, Erafft and E. Bourgeois emphasized the instability of the 
acid in warm aq. soln. According to E. Divers and T. Haga, an aq. soln. of the 
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acid can be boiled for a moment, or kept at 100° for a very few nunutee, without 
showing any sign of Biilphuric acid with the barium chloride test, but when kept 
fur 2 hrs. at 15 °, the soln, gives a turbidity with barium chloride in 20 secs. 
Platinum black acts slowly on an aq. soln. of amidonulphonic acid exposed to air, 
producing Bul]>huric acid by simple hydrolysis. E. Bcrglund found that amido- 
Bulphonic acid is not decomposed by a boiling soln. of potassium hydroxide, while 
F. Raschig said that the alkali-lye made the acid loss stable ; E. Divers and T. Haga 
found alk^-lyc to be inactive. The potasrium salt can be evaporated on the water- 
bath without noticeable change; and W. Traube prepared an alkali amidosulphonate 
by boiling sulphamidc with alkali-lye. F. Rasclug stated that the presence of acids 
aocolenites the hydrolysis, but E. Divers and T. Haga found that the hydrolysis of a 
boiling soln. in the presence of hydrochloric acid is not completed in a few hours ; 
but 3 ^ hrs.’ heating at 150 ° completes the hydrolysis. Crystals of amidosnlphonic 
acid may be kept for months Over cone, sulphuric acid without change, and when 
boated, the acid dissolves and decomposes as it does wlicn heated alone. Aniido- 
siilphonic acid is decompo.sed with cServescencc due to the escape of nitrous oxide, 
when treated with a mixture of cone, sulphuric acid and a nitrate or nitric acid, 
even at ordinary temp.— wJc imidosulphonates. According to M. Ourewitscli. 
amidosulphuryl chloride is produced by the action of thionyl cLloiirle on amido- 
sulplionicaciil : Nn2.S02.01I+B0Cl2=SU2+HC'l-l NH2.SO2.Cl, audit i.s formed at> 
a complex with phosphorus trichlorido by the action of phosphorus pentachloride on 
amidosulphonic acid : NH2.S02.OH+2PCl5-P0Cla+IICl-|-Cl2+NIl2.S0 .Cl.VClj 
— vide infra. The reaction of amidosulphonic acid with sulphuric and nitriL acidji 
was observed by «T. Thiele and A. Lachmann, but no nitramide was oblaineJ. 
E. Divers and T. Haga found that amidosulphonic acid is oxidized by hoi or cold 
nitric acid, and by chlorine or bromine ; whih' E. Bcrglund found that it is oxidiziil 
by a mixture of nitric acid or potassium chlorate and hydroehinric acid. E. DIvims 
and T. Haga found that amidosulphonic acid is not acted on by suln. of chromic 
acid, potassium permanganate, or ferric chloride ; but it is slowly oxidized at a 
boiling heat by silver oxide and alkali-lye and the glass coutainijig vessel is silveri'd. 
Sulphates are not oxidized by silver oxide in alkaline soln. so that the reaction is 
taken to he: NIl2.KS0a+Ag20=AgK803+Ag+N-l-H20. F, Kraflt and 
E. Bourgeois showed that amidosulphonic acid combines with alcohol, forimng 
ammonium ethyl sulphonate ; and V, I’aal and F. Kretschmer, that with aniline, 
ammonium phenylaniidosulphonate is formed. E. Divers and 'J'. Haga lound that 
amidosulphonic acid retards the pretipitation of suljdiateR and sulphites by banuui 
chloride ; it also prevents the precipitation of silver and mercuric salts by alkalii s. 
The aminic character of the acid is emphasized in the latter reaction. E. Bcrglund 
said that amidosulphonic acid dissolves zinc, and iron ; and E. Divers and T. Uag.i, 
that when acted on by sodium it furnishes hydrogen and the sotlium salt. It dt 
not decompose alkali chloridcH or nitrates when mixed with the salt in a damp si ale 
or in a soln. ; but if mixed dry and heated, the acid itself is decomposed. F. Kascliig 
said that the acid crystallizes unchanged from a soln. in hydrochluroplatinic acnl. 
L. Herboth recommended amidosulphonic acid as a standard for titrimclric wink 
because of the ease of preparation, its keeping qualities in air, and the accuracy of 
titrations made with it when dimethylaminedoazobenzeno, methyl-red, phenol’ 
phthalcin, or rosolic acid is used os indicator. 

As in^caied above, amidosulphonic acid is monobasic, forming a scries of 
the amidosnlphonates or amidosulphites. The methods of preparation employ^''^ 
by E. Beiglund, and F. Raschig can be much simj^lified because the isolation of the 
acid is now usually easier than the preparation of the salts. E. Beiglunrl niarlo 
ammoniam amidosnlphcmatBi NH4.SO8NH2, by double decomposition with, s;iy 
ammonium sulphate, and barium amidosulphonate. It forms large plates wlii^l> 
medt at 125 °. The ammonium salt is liable to hydrolysis if not quite dry; 
h^ted to 160 °, it decomposes: 2(Nll4)Nfl2S02=^NH3-|-NH(NH480a)si b<it the 
yield of imidosulphonato is After heating to 170 °j the cold residue is 
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B gnm^ikfl maoB. E. Divers and T, Haga treated hydrozylamine sulphate 
ivith an en. of barium amidosulphonata and obtained a soln. of hjdzoiyl- 
unidoiolphoiiatei NH2.HBO3.NH2OH, as a viaoous, hygroscopic liquid. 
A. P. Sabaniefi succeeded in ciystaDiring the liquid ; and he also obtained the salt 
by passing sulphur dio^do into an excess of a methyl-alcoholic soln. of hydroicyl- 
amine. The dry salt is fably stable ; the crystals are isomeric with those of 
hydrazine sulphate ; and the aq. soln. decomposes on a water-bath. A. P. Babandcff 
also prepared bydraidiie amido^phonatef NBH4.HSOB.bfH2, from neutral hydrazine 
sulphate and barium amidosulphonate. No acid salt could be made. The sola, 
coucputrated in a desiccator crystallizes with great difficulty. The salt is easily 
pulublo in water. F. Ephraim and E. Lasoc^ were not successful in the nitration 
oI amidoBulphonic add because of its insolubility in both nitric and sulphuric acids ; 
but by treating the silver salt with methyl iodide, they obtained microscopic rhombo- 
hrilra of amidosulphonate, NH2.SO2.OCHg. The crystals begin to fuse at 

170 ° and have a m.p. about 198 ^ (decomp.). The ester cannot be nitrated, but by 
treatment with liquid ammonia, siilphamide can be obtained from it. 

E. Borglund prepared acicular, deliquescent crystals of lithium amidosnlpbonate, 
NllgSUglii, by double decomposition. The salt decomposes at 160 °- 170 ° into 
aiiimouia and imidosulphonate. It is insoluble in alcohol. E. Divers and T. Haga 
(il)Herved that amidosulphonic acid forms a complex salt with sodium sulphate^ 
sodium snlptaatoamidosulphc^tB, 6NH2(HS08).5N^S04.15H20— which appears 
in short, thick, deliquescent prisms. E. Borglund obtained sodium amidosulphoiiatei 
NKrt.NaSOg, in bundles of striated needles by double decomposition. E. Divers 
and T. Haga obtained it by the action of sodium carbonate on the acid. E, Borglund 
said that the salt is easily soluble iu water ; insoluble in alcohol ; and at 160 "-] 7 i)° 
forms ammonia and the imidusulphonate, E. Berglund marie potassium amido- 
snlphonate, by double decomposition; and F. Baschig, by hydrolyzing potassium 
imidusulphonate, or niirilosulphouatc with boiling water, removing the free sulphuric 
add hy calcium carbonate, and evaporating the filtrate. The less soluble potassium 
sulphate crystallizes out first. Accordiug to A. Fock, the rhombic plates have the 
axial ratios a:b: c- 0 * 9944 : 1 : 0 * 7097 . E. Borglund, and E. Divers and T. Haga 
showed that at ICOMTO^, ammonia and imidosulphonate arc formed. The salt 
is easily soluble iu water, and it readily forms supersaturated soln. It is insoluble 
in alcohol, H. Stamm found that the salt is more snlublc iu water if ammonia be 
piBseiit. W. Traube and E. von Drathen found that eq. proportions of soln. of 
potosbium amidosulphonato and hypochlorous add react in tlic cold to form 
potassium ohloroamidosulphonate, NHCLSO3K, which maybe isolated by evaporat- 
lug the mixture to a small bulk, in a high vacuum, at as low a temp, as possible 
and precipitating with alcohol. The salt forms limpid, hygroscopic crystals, and 
is comparatively stable. When wanned with mineral acids, hydrolysis takes 
place according to the equation : NHC1.803H+H20=NH2Cl-l-H2S04. The 
corresponding potassium bromoamidoBulphonate is very siniil^. Similar salts 
may be prepared by the interaction of free aminosulphonio add and metallic 
hypochlorites. Alkylamiuosulphonatos apparently give very unstable products, 
for evolution of gas is noticed as soon as hypochlorous acid is added. There are 
indications that a double amount of hypochlorous acid produces less stable dichloro- 

amidoBulphoiiatBs. 

E. Berglund prepared oopper amidosulphonate, Cu(NH2S03)2.2H20, by double 
decomposition, and A. Callegari by the action of the acid on the rarbonate. The 
evaporation of the soln. in vacuo over sulphuric acid, or precipitation with alcohol 
gives a pale blue, microcrystalline powder which is fairly soluble in water ; and loses 
its water at a high temp, with decomposition, C. Paal and F. Kretschmer also made 
|lie copper salt. E. Berglund obtained idver amidosnlphcmtei NH2B03Ag, from 
barium amidosulphonate, and a soln. of silver sulphate in boiling water. The silver 
Balt was also described by P. Eitncr, and C. Paal and F. Kretschmer. K. Divers 
and T. Haga said that the silver salt is beat made directly from the acid ; it cannot 
VOL. viu. 2 T 
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be prepared from the potassium sdt and silver nitrate since the most cono. coin, 
of these salts, mizod in equimolar proportions, give no crystalline precipitate, and 
when the mixture is evaporated to dr^ess mixed crystals of silver and potassium 
nitrates, and amidosulphatesp E. Berglnnd said that the silver salt crystallizes 
best of all the amidosulphonatc results. It forms bundles of striated prisms, and 
the crystals are as hard and brittle as glass. The salt blackens very slowly. Silver 
amidoBulphonate is also least soluble since 100 parts of water at 19^ dissolve 6-7 
parts of salt. The aq. soln. is neutral. F. Ephraim and M. Ourcwitsch found that 
when a soln. of amidnaulphonic acid is neutralized with ammonia, and the calculated 
quantity of silver nitrate added to form the silver salt, no precipitate forms until 
liquid has been evaporated to a syrupy conaistenco. It then solidifies 
suddenly to a radiating ciystiilline mass, wbirh, after crystaUization from 
water, gives rhombohedral crystals of ammoninm silver unidostllphonate, 
NHs.SOsAg.NHg.SOsNH^. According to E. Divers and T. Haga, when potassium 
hydroxide is added to a soln. of silver amidosnlphonate, an ochre-yellow colloidal 
precipitate is deposited. This compound has one of the amido-hydrogen atoms 
replaced by silver so as to form pof^um argentamidosulphcmate, AglIN.S03K. 
If the potassium hydroxide be in excess, the supernatant liquor is golden yellow ; 
if much water is adrled, tlie colour of precipitate and soln. becomes brown and th<^ 
precipitate dissolves. Both the broWn and yellow soln. give brown precipitates 
when lieated, or when mixed with an excess of potassium hydroxide, silver nitrate, 
or potassium amiflosuljihonate. The yellow soln. gelatinizes and becomes colour- 
less on standing. The brown substance in soln. and the precipitate are said to Im* 
(28sentially silver oxide. The yellow compound is not blackened by light, is sululli 
without colour in potassium amidosulphonatc, is slowly converted to a whiti^li, 
pulverulent precipitate by digestion with silver nitrate soln., and into a wliih* 
floGCulent precipitate by excess of potassium hydroxide. Its soln. in a ininimuiti 
of potassium amidosnlphonate silvers glass at a boiling heat, so does a soln. i>f 
potassium amidosnlphonate, silver nitrate, and potassium ^droxide. A h)1ii. 
of silver amidosnlphonate does not sensibly dissolve silver oxide. A soln. contaiiiiug 
silver nitrate and its cq. of potassium amidosnlphonate behaves inwards pntaa^nuii 
hydroxide like silver ainidosulphonate. If the silver nitrate is present in 
and the soln. not too dil., ])recipit;ation of the amidosulplionic compound pn^^erlih 
that of silver oxide, hut if the proportion of potassium amidnsulplionalo is as 
2 mob. to 1 of the silver nitrate, potassium hydroxide causes no precipitate in soln. 
of mode^al^' cone., that is to say, amidosulphonic arid prevents the precifiilatioii 
of silver oxide by alkalii s. A soln. of 2 mola. of potassium amidosulphonatc, 2 mol'), 
of potassium hydroxide, and 1 mol. of silver nitrate dries up in the desiccator li* 
a white, homogeneous mass of minute, silky fibres, soluble in water again without 
changes Alcohol extracts from it no notable quantity of potassium hydroxidf. 
The wliite fibrous salt Is a complex of potassium argentamidosulphonate, fiiul 
potassium poiassaviidosvlpJmatc, KNH.SOsK, and potassium nitrate. K. A. 11>>f 
mannand co-workers found that the hydrate, NHAg.S03E,H20, is obtained, by 
action of silver nitrate on an alkaline sob), of potassium amidosulphonate, in thr* fur in 
of silky, colourless, flat needles, which are strongly double-refr^ting, with parullrl 
extinction. The stability of the combination of silver with the amide-nitrogen i^ uf 
the same order as in the silver ammines. The salt is soluble in ammonia, the smIm. 
^ving a precipitate of silver with formaldehyde, and a beautiful silver mirror with 
tetiafonnaltrisazine. Potauiam g(dd amidOBOliltaooate, Aii2(N.B0,K),, ia iiTC]iaud 
from gold chloride and an alknlinc soln. of potaarium amidosnlphonate ; it forn’t* 
small, yelloir, transparent, granular crystals, and detonates on hea^g- 
ammoniacal soln. gives a gold minor with formaldehyde or tetraformaltriBaziiic- 
The aq. soln. catalyzes hytuogen peroxide, colloidal gold bmg formed. 

Ti ^RRT^Tl1lTll^p^^ppll^M^^l>iTlpl.tJMnfna.lniwlMami^^n■ll^phml»l^, flafWTTjSOjly.iHfOi 

which were very solable in water ; also prismatio crystals of Blranliuin aiiidosnl* 
pbonate, Sr(NIT«S03)2.4H,0, more solnble than the barium salt; and aciciil"' 
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And pitflioaiAO ozystah of baitam amiditfiilplKiiuit^ Ba(NH 2 S 0 j|) 2 . The aq. boIxl 
can bo kept a long time without change. The solid does not decompose at 200 ^. 
Hi. Divers and T. Haga Tepresented the thermal decomposition by SBatNHoSOa). 
=- 3 Ba 804 +HN(S 03 NH 4 ) 2 +NHg+NS+N. W. Traube and E. von Drathen 
prcprod baiifUn oliloroaaiidoBi]iipboiiah» (NHCl.SOa)2Ba, by the method indicated 
for the potasflinm salt. No nuigfiesiufn amidosvlplwnate has been reported* 
Vj Berglnnd prepared a radiating mass of crystals of zinc amidoziilpliiiliate, 
Zii(NH 2S03)2<4H20, by double decompouiion» etc. ; and rhombic plates of cadminm 
amido^phonalei ^{(NHaSOgla.bHaOi in a similar way. The latter salt is very 
soluble in water. 

E. Divers and T. Haga said that merourons amidoBDlphonate cannot exist (in aq. 
solii .), for, when a soln. of mercurous nitrate is treated with the acid, metallic mercury 
and mercuric ozyamidoanlphonatet Ug(NH2.S03Hg0)2.2H20, is formed. Accord- 
ing to E. Berglnnd, when silver amidosulphonate is mixed with mercuric chloride, a 
Diixerl prcci])itate of silver chloride and mercuric oxyamidosulphate is set free, and 
HTnidosulphonlc acid passes into soln. According to E. Berglund, and E. Divers aud 
T. Iluga, normsl mercuric amidosolphonate cannot be prepared. The oxyamido- 
sulpliouate is formed when mercuric oxide and moist amidosulphonic acid are 
ground together— any excess of mercuric oxide can be removed by dil. nitric acid, 
and any excess of amidoMilphonic acid |)asse 8 into soln. When potassium hydroxide 
IS added to a mixed soln, of mercuric chloride and potassium amidosulphonate a 
j)riM i pi tat p of the basic salt is produced when the mercuric chloride is not in excess. 
Aiiiulosulphonic acid can precipitate all the moroury from a soln. of mercuric nitrate 
IiMYUig only nitric acid in soln. ; and the acid is precipitated completely on adding 
a ^Imhi excess of mercuric salt. Mercuric oxyamiilodulphonatc is best obtained by 
mixing a dil. soln. of the acid with a cone. soln. of mercuric nitrate in a minimum 
rpiantity of nitric acid. The snow-white, voluminous, finely divided preci])itata 
IS tioiihlesome to wash, and to dry. It is very sUble and can be washed with 
lint water. The air-ilried salt is dihydrated, but the water is all expelled at 115 °. 
The basic salt is soluble in cold cone, nitric acid, in hydrochloric acid, and in an 
e\c(>ss of a soln. of potassium hydroxide ; if the alkah bo not in excess, the basic 
halt IS partially decomposed, forming yellow mercuric oxide. Mercuric chloride in 
the presenre of an excess of amidosuljihonic acid is not precipitated by 
an ex((‘ss of potassium hydroxide; and the addition of more mercuric 
ihloride, or of a little acid, causes the white basic salt to be precipitated, 
blit not merruric oxide. It is supposed that in alkaline soln., potassium meicur- 
ammonium hydroxysulphonate* llg3N2(HO)2(KSOs)2, is present ; and like other 
niercurainmnuium salts it does not yield up its ammonia when treated with alkalies ; 
it is resolved into its amine and mercuric bromide by a sat. soln. of ammonium 
hromiiJp : Hg,N2(HS03)2(0H)2 + 12NH4Br = 3 HgBr 2 (NH 4 Br )2 + 2NHnR0;iNIl4 

1 NH,-| 2H2O ; and it is converted into white precipitate when treated with a 
dil. soil), of ammonium chloride— at the same time, a soln. of mercury ainmoniuiu 
eliloridp and ammonium amidosulphonate is formed without the liberation of 
ammimia. K. A. Hofmann and co-workers prepared potassinm mercuric amido- 
sulphonate, NTTgSOsK, by neutralizing 40 grms. of amidoBulphonic acid with 
10 ]jer cent, potassium hydroxide, adding a further 40 c.c. of the alkali, and 
thfn digesting on the water-bath with the freshly precipitated mercuric oxide 
prepared from 100 grms. of merruric chloride. On concentrating the soln. the 
required salt separates, after cooling, in the form of thin, lancet-shaped flakes, which 
arc strongly doubly -refracting. The salt crystallizes only very slowly from soln., 
even when inoculated with a crystal, the various phenomena observed indicating 
that the crystals are probably polynicrides of the mols. in soln. ; the same holds for 
the other salts to be described. The interaction of the salt with a number of 
reagents is described, the results all pointing to the fact that it is a true deri- 
vative of amidosulphonic acid. If carbon dioxide is passed for some time 
through the mother-liquors obtained in the preparation of the above salt, an 
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amorphouB white precipitate of potaBdnm meicurio hydro-unUoiiilpboiiale, 
KH(S0sN)2ng(ng.OIl)2iH2O, is obtained Complete saturation with carbon 
diosdde under press, gives finally the free acid, (HBOs.!N)2Hg.OH)2. Sodium 
mfirCQlio Bmido^phonate} NHg.SOsNa, is prepared similarly to the potassium salt ; 
it forms radiating clusters, or often felted masses, of slender, colourless needlps. 
It differs from tin* potassium salt in that it is soluble in water on healing, whereas 
the addition of alkali is necessary to dissolve readily the former salt, 

E. Bcrglund reported thallmm amidosulphonate, TlNH^SOy, to be formed in 
prismatio crystals by the process of double decomposition. The crystals are 
isomorphous with those of potassium, He also made short needles of lead omido- 
BUlphimte, Pb(NIl2S03)2 H2O, by the double decomposition process. The salt 
is very soluble in water, but not deliquescent. C. Paal and F. Eretschmer also made 
this salt, E. Berglund obtained a soluble uzanyl amidosoliihoiiate ; and he pre- 
pared rose-red cryslolsofmaiigandseaimdosalphoiiate, Mn(NH«2SO3)2.3Il20, in an 
analogous way. These salts arc very soluble in water. 

E. Divers and T. Ilaga made ferrous amidosniphonate, Fe(Nll2S03)2 blT^O, 
by dissolving iron wire in amidosulphonic acid with the oxclusioji of air. The 
ueid is best kept sat. The bluish-green solu. is evaporated in vacuo. The solii 
like that ul most other amidosuIphonat(.s is very liable to supcrsattiralion. Tla 
crystals a})])car in the form of a cake of ladiatmg prisms. The salt is ileliquesccnl 
and is not precijiitntcd by alcohol. The} also obtained a soln. of ferric amidosul 
phonate by dissolving feme hydroxide in amidosulphonic acid. The bnglit broivii 
soln. dries to an opiupie, amorphous, buttle mass. It is soluble in water, but not .it 
all deliquescent. It has the full ahlringent taste of the inorganic salts, nut limt ut 
the citrate or tartrate. 

E. Berglund prepared cobalt amidosulphona^ Co(NH2S03)2.31l20| and mi Lil 
amidosulphonate, Ni(Nll2S03)2.SH20, by tlie action of barium <imidosulplionate on 
the corresponding bulphates. F. Ephraim and W.Fliigtd prepared cobalt hezaimnmo 
amidosulphonate, lCo(NH3)0]NHo8O3)2, with a solubility at 20^ of 0‘217oA'-; cobalt 
aquopentanunmoamidosnlphonate, |.Oo(NH3)5(H20)](NHoSUs)3, with a solnbilitv 
0*723iV- ; cobalt diaguotetranuninoamidosulphonat^ [Co(Nll3)4(lf20)2](Nfl2S()j),, 
with a solubility of l*002i\r-: cobalt nitritopentamininoamidosolpbonate, 
[(Jo(NH 3)5{N02)](NH2S03)2, with a solubility of 0-50762V-; cobalt ds-dinitritotetram 
minoamidosulphonate, LCo(NH3)4(NU2)»l(NH2S03), with a solubility of OdDHA 
cobalt trans-dinitritotetramminoamido^ [Co(NH3)4(N02)2](NH2S() ) 

with a solubility of 0d23i^- ; and cobalt carbonatopentaminiiioamidosulphonate 
[Co(NH 3)0(CO3)J(NH28O3), which is very freely soluble. 

H. Kormreuther prepared two potas^um dichlorodiamidosulpbonatoplatinites 
by the action of potassium chloroplatinite on amidosulphonic acni. The a-salt, 
[Cl2rt(Nir.^ 803)21^2,21120, is yellow and readily soluble, whilst the 
[Cl2Ft(NIl2.S03)o]K2, is almobt colourless and more difficnltly soluble. Both fwilH 
contain only tlie poiaasium in an ionogenic condition, and both are neutial, so Ih.il 
they cannot be structural isomeridcs in accordance witli the fomiiil.' 
[Ul2Pi(S03.NIT2)2j^2 [Cl2pi(^H>^03K)2]K2. Both salts dissolve in potaHMiiin 

hydroxide, giving an intense golden-yellow soln. coiitaming a tetra-potassium sub , 
they must, therefore, be derived from the second of the above formulas that is, tin ^ 
are platosimines. Acids ic-procipitate the salts from the soln. in potassniin 
hydroxide. These salts arc considered to be stcreoisomcrideB, similar to the ditliliun 
platosamines, and from their analogy with alre.ady known isomerides of platitnnii. 
the a-salt is eharaetcrixed as the cts-form, and the jS-salt as the frans-form, 
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fl. Einmeutltrr also prepared potaniiiin idS‘<didd(VOdiaiiiidoBulphoiiativlat^ 
bj the interaction of ■ mol of potassium platinocUoiide and two mols of muitlo' 
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Rulphonic acid in cold aq. soln. After keeping for 21 hn. the soln. deposits 
iabulai, golden-yoUow ciyetals, which are weakly plroohroic; they belong 
])ir)bably to the rhombic systemi and are soluble to tL>' extent of one part in 38 

t s of water at 21°. One mol of water is lost at 90° and two mols at 130°. Barium 
rhloride and hydrochloric acid give no precipitate, even on warming, proving that 
i]\n Hulphamio acid residue is in the inner complex sphere. Pyridine replace the 
jiiiiidoBulphonic acid from the residue, giving cis-dichloro-pyridine platinum. 
Fotaraiam trana-dichlorodiamidosolphoim^Iati^ is obtained when more than 
tvo mols of amidoBulphonic acid react with 1 mol of potassium chloroplatinatc, 
riir reaction being best carried out on the water-bath. After heating for two to three 
liours, the soln., on cooling, deposits a mass of abnost colourless, felted needles, 
liK li di^olve in water to the extent of one part in 312 parts at 21°. The reactions 
nf llu6 salt are similar to those of the cis-isomeride, except that pyridine gives the 
u roif-dichlorodipyridineplatimte. Potassiam trans^ibromodiamidosolphona 

platinite, [Br2Pt(S08NH2)2)K2, and potaariam trans-diiododiaimdosdplmnatc^ 
diplatinite, [IzI^(S08NH2)2]K2i were obtained from the dichloro-compound by inter- 
ai tion with potassium bromide and iodide respectively. The former gives bright 
01 aiigc-yellow prisms, whilst the lati er forms reddish-brown prisms. L. Bamberg and 
iS Kallenbcrg treated platiiious hydroxide with an aq. soln. of amidosulphonic acid 
aiirlobtainedBmmoniiimtetrainidosulphonatoplatini^(NIl4)2[Pt(NH2SOa)4l.6H20; 
aud when treated with sodium cLloroplatinite it furnishes sodium tetnu^do^- 
phonatoplatinite, and this, with potassium nitrate, yields potassium tetramido- 
sulphonatoplatinite, K2(Pt(Nn2S03)4].2H20 ; and the same salt was obtained by 
tlip action of silver amidosulphonate on the potassium cif-dichlorodiamidoaul- 
pliouatoplatinite of H. Kirmreuther. 
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§ 62. Imidosulphinic Add and its Salts 

E. Divers and M. Ogawa ^ observed that when ammonium amidosulphinate is 
heated, it decomposes: 2NH2SO2NH4— Nll3+NH(802N]l4)2, thus furuibhing 
I be amnionium salt of imidosulphiliic Aci^ or imidosttlphurous arid, NII(HS02)2. 
The acid has not been isolated. They prepared ammoniam imidOBiilphiiute, 
^if(N11^8()j)2^ 3NH8.28O2, by keeping ammonium amidosulphinate for several 

hours at 35 ° protected from moisture. 

In order to prepare the anunoiilum imidosulphite, ammonia in excess nnd sulphur 
uoxido are led into a closed flask, fitted with a thennometer and an exit-tubo dippmg 
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in mercmiy. To absorb tlio heat caused hj the oombination of the gaaes, the flask fa held 
in a bath of brine and crushed ice, ^hkh fa more eflooiive when the flaak contains some ether 
and fa kept in znoticin, because then the salt does not stick to the walls of the flask as a 
waxy, badly-conducting coating. The rate of flow of the gases fa to be regulated by the 
operator's ability to prevent tiie temp, in tlie flask from nsing much above 10^ The 
inside of the apparatus, the gaaes, and the elher are all to be dned before use. Ihe mottled, 
orange-Golourea mass of waxy consistence sticks to the walls of the containing vessel, and 
must be protected from air. Though only sparingly soluble, it can bo nearly ail removed 
by protracted digestion with sucoossive poitionB of 05 per cent, alcohol until the residue 
fa colourioss, and then with 00 per cent^ alcohol at about 50^ As the soln. cools, it deposits 
the almost pure imidosulphinite. The impure salt deponited from other extracts is washed 
with ammoniocal aleohol to dissolve out foreign salts, then rrystallizing the residue from its 
Boln. in 90 per cent, alcohol. The crystsiB are dried on a porous tilo, while protected from 
air, and finally in a desiccator over potassium hydroxide. 

Ammonium imidosnlpliinite forms minutCi acicular crystals which arc 
moderately deliquescent, and when freshly prepared arc neutral to litmus. It 
has a mild, unpleasant, sulphurous taste. When heated slowly in a tube, it soon 
begins to decompose into volatile substances, and a residue of sulphur, ammonium 
sulphate, and the inudosulphonati*, NU (NH4S03)2. The subUinatcs begin to appear 
at about 80 °, and consist of ammonium pyrosulphitc, (NH4)2S205, and unchanged 
imidosulphinite. No fusion occurs even at 150 °. The salt is freely soluble in 
water, but fa slowly deromposed, forming thiosulphate, and amidosulphonate 
The change begins at once, and it is continued in the presence of hydrochloTir 
acid, which, when hot, slowly hastens its romplciion: 2N1I(NII4R02)2-| 21H 1 
=-2NH4S0sNn2+2NH4Cl+802+S, in which the sulphur aurl sulphur dioxide 
represent nudecomposed tiu'osulphuric acid. The salt is iusolulde in alcohol, luid 
in this respect diRcra from ammonium ainidosulphmuti>. When boiled with sn 
aq. soln. of potassium hydroxide, ammonium imidosulphinite yields twu-ihinli' ( f 
its nitrogen as ammonia. 

When an alcoholic soln. of potassium hydroxide is added to a soln. of aintnoniiiin 
iiuidosulphinite in 70 per rent, alcohol, until the liquid colours red litmus ptT 
manently blue in air, imtassium imidoindphimte, N1I(KS02)2, soon scjiarati^h m 
minute, micaceous crystals which adhere firmly to the glass walls of the coiitiiinmc; 
vessel. After washing with absolute alcohol, the salt fa still alkaline to Iitinii\ 
possibly owing to the presence of the tripotassiuni salt as impurity. Po 1 as<.iuTii 
imidosulphinite fa very soluble in water, and it gives the imidosulplimitc rcadioih 
characU'ristic of that salt. When the orange mass of dccomjiosed aminmniiiii 
iiiiidosulpliinitp fa mixed with baryta-water so as to leave iindccniu|)OBed smiie oi 
the contained imidosulphinite, the concentration of the filtered soln. in a desicrabu 
fiirnfahes small, micaceous crystals of ammonium barium imidosolphinite, 
Ba(S02.NJI.S02 NH4)2. 

F. Ephraim and II. Fiotrowsky obtained a red compound by the action of an 
excess of ammonia on sulphur dioxide. It has the same compo.sition, but twice tli'* 
mol. wt, of ammonium amidosulphito ; and it is considered to be triammonium 
imidodisnlphmite, NH4.N : (S02.NH4)2. It furnishes trfailver imidodisulphinite, 
Ag.N : (S02.Ag)2, which is also red in colour. It fa not very stable, and gradiiuilv 
loses nitrogen. It was also found that when thionyl chloride is added drop 
drop to liquid ammonia, the liquid assumes the same intense red colour as th.it 
possessed by the product formed from sulphur dioxide and exce^ of ammonu. 
On evaimration, a cinnabar-red residue fa left, contaminated with ammonium 
chloride and other products. On digestion with absolute alcohol at — 5 °, a dei')) 
red soln. fa obtained, which, on evaporation in a vacuum, gives a residue consislm^ 
of amorphous, red flakes, easily soluble in water, and mixed with a small quanlitv 
of stable, golden-yellow crystals (not enough to analyze completely), which are only 
slightly Bolnble in water. The red flakes consist of the above-mentioned tii- 
ammanium imidodfaulphinite, which gradually decomposes with loss of colour. The 
freshly prepared aq. soln., when added to ammoniacal silver nitrate, gives a purph'* 
red precipitate of the trfailver imidodfaulphinite. The reactions are symbolizcu: 
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2S0Cl2+7NU5=s4NH4CI+HN ; (S0.NH£)2. dianide is readily hydrolysed 
by water, giving NH(S02.NB^)2, from which the silver salt is obtained by precipita- 
tion. The fioln. of the ^anide in liquid ammonia is red, probably containing the 
compound ND4K : (BO.NH2)2 ; there is presumably enough water in the liquid 
Aiumonia to convert this amide into the above-mentioned triammonium imidodi- 
bulphinite on evaporation. 


Bxvebxncib. 

1 £. Divers and M. Ogawa, Joifm. Chvn, 80c,, 79. 1099, 1001 ; Proe. Chem, Svc., 16. 113, 
1000 ; Kphraira and H. Piotrowsky, Ber^ 44. 379, 1911 ; fl. PiDtrowsky, Uiber die ^imwrifenn^ 
I OH A mmoniak und Hffdrazin auf VerbiTidungtn dea Scfiwrfek, Hern, 1 911. 


§ 58. ImidoBnlptaoiiic Add and its Salts 

The more important memoirs on this subject are E. liergluiid’s ^ Om Imido- 
{^ulfonsyra^ and E. Divers and T. llaga’s Inndosulphates. V. A. Jarquclain first 
pj( pared an aq. soln. of amidosulphonic acid, or imidusulphuric acid. His method, 
also employed by E. Bcrglund, and £. Divers and T. Haga, eonsists in treating the 
liMil salt of the acid suspended in water with hydrogen sulphide. The filtered soln. 
vklun concentrated in vacuo contained very little sulplnirie acid, showing that very 
Iiltle hydrolysis had occurred. The cone. soln. is un.^tablo, and the acid is only 
known in aq. sobi. B. Fremy attempied to obkiii it by adding hyilrofluosilicic 
at 111 to the potassium salt, but said the product decomposed immediately into 
Hilphiiric and hulpburoiis acids, and ammonia— but there is probably some luisunder- 
M inding here— infra. The aq. soln. of the acid prepared by E. Fremy was 
(.illed iiulplmiiduiic acid, and that by A. Claus and S. Koch was railed dmlph- 
ammonu^ artd. The aq. soln. is very unstable, and readily forms sulphuric and amido- 
^ltll)ll01nc acids. Aq. soln. of the salts decompose in a siuiilaT way, so that, ns shown 
h\ V. llaschig, a fuchly acid sobi. of baniim cliloridc. preeipitntes only half the 
Milpimr as barium sulphate ; and potassium hydroxide was bliown by E Bcrglund 
imL to bet tbe ammonia at liberty. F. Basrhig found that if the add of an luudo- 
biilplmnatc is heated with cone, hydrochloric acid in a sealed tube at 150 ^ the com- 
])oinul 18 completely decomposed. There are two &encb of imidodisnlphonates ; 
in one ; all i/hrec hydrogen atoms of the acid arc repUced by the basic radicle— these 
aie honiF'tiiues called basic imido^ulphonaUs ; and iu the other, only two of the 
h\drr)gpn atoms are displaced — ^these arc called tlie ntuiiul iimdodulphonalcs. The 
iioriual salts are usually more soluble than the basic s.ills. The unstable imido- 
monosalpharic acid, NH : N.H8O3, or rather potassium imidomonosulphoiiate, 
Ml.N.KBOs, was stated by F. Easchig to be funned by the action of potassium 
]urmanganate on potassium hydrazinomoiiobulphouat e — vide injia, diazomono- 
buljihnnn; acid. 

il. iloae found that when dry ammonia is conducted into a llask coated inside 
with bulphur trioxide, two products are formed— one is hard and vitreous ; and 
the other is local and flocculcnt. V. A. Jacquclain obtamed the flocculciit substances 
by mixing the vapour of sulphur trioxide with an excess of dry ammonia. IL Bose 
said that both these substances when dissolved in water gave a soln. which yielded 
ciystals of the same substanoo which ho called and which is now 

known to he iiammonium tmidosuIpAorwi^, EH(S02NH4)2, i.c. 3KH3.2SO2. Some- 
times the vitreous product is acidic, which H. Rowe attributed to the imperfect 
^Hion of ammonia, but wldch E. Divers and T. Haga showed to be a consequence 
of hydrolysis. H. Rose thought that the crystals of parasulphatammon have the 
Mine composition as the flocculcnt matter, 2NII3.SO2, which ho called 
V A, J acquelain showed that tbjH js a mistake, and M. Woronin found that H. Bose’s 
analyses of sulfatammon, 2NH5.SO8, was correct, and that sulfalamraon and para- 
bulfatammon wore really different salts of the same acid. £. Beiglund then 
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claimed that since parasulfafammon is diammonium imidosulphonate, rndfaUmnum 
must be Iriammcmtuin midod%sulphonaU, N(NH 4 )(NH 4 S 0 b} 2 , t. 0 . 4NHs.2BOj|. 
E. Divers and T. Haga showed that E. Berglund’s view is correct ; and oon&med 
M, 'Vf'oronin’B observation that the evaporation of the soln. of the triammonium 
salt furnishes the diammonium salt. 

H. Rose prepared triammonium imidodisulphonate. N(NH4)(NH4S08)2, by the 
action of ammonia on sulphur triozide, and V. A. Jacquelain passed the diy sulphur 
triozide in a flask filled with gaseous ammonia so as to keep the ammonia always in 
ezeess. The flocculent product was then fused in a current of ammonia until, on 
cooling, the mass began to solidify. The white crybials are stable in air. E, Divers 
and T. Haga ezposed the finely divided and dry diammonium salt to an aim. of 
dry ammonia, and found that the absorption of the gas is attended by a con- 
siderable swelling of the powder, and ihe formation of the triammonium salt. 
According to H. Bose, this substance is a white, anhydrous, amorphous powder 
having a bitter taste resembling that of ordinary ammonium sulphate, and a 
neutral reaction. It is stable in air. E. Divers and T. Haga said that the 
product loses only about half per cent, of its weight when kept in a desiccator for 
3 days over sulphuric acid. It seems to lose ammonia only in a damp atm. ; 
and it lost 5*4 per rent, of its weight when heated in a current of weU-dried air for 
1| hiB. at 100M20^ but the compound was then still losing ammonia. H. Rose 
said that when this compound is heated in air it gives off sulphur dioxide, ammonia, 
and ammonium sulphite, fuses to a clear liquid, and sulidifies to a moss of ammonium 
hydrosulphate ; and when heated in hydrogen, ammonia and ammonium sulphite 
are evolved, and the residue contiains ammonium hydrosulphite and sulphate. 
The aq. soln. does not change on keeping, but when evaporated, crystals of the 
diammonium salt are deposited ; 100 parts of water dibsolve 11*1 parts of the salt 
at ordinary temp. If the soln. bo mixed with barium chloride or nitrate, only part 
of the contained sulphur is precipitated as sulphate, and even after a prolung<‘(l 
boiling with nitric or bydrochlorie acid, only about half the total sulphur is precipi- 
tated as sulphate. The whole of the sulphuric acid can be rerovered as sulphate 
only by evaporating the soln. tr; dryness with barium chloride, and strongly igniting 
the residue. Strontium chloride gives a scanty precipitate with the aq. soln. after 
the lapse of about a week ; and with calcium chloride the soln. ^os clear at the end 
of a week. In both cases, the boiling soln. gives a turbidity with these salts. When 
the aq. soln. is digested with calcium hydroxide until all the ammonia is evolved, 
calcium sulphai c rrmains as a residue ; lead acetate added to the aq. soln. gradually 
produces a turbidity, but even with a boiling soln., the sulphuric and is only partiallv 
precipitated. Hot sulphuric acid dissolves the salt slowly, without the evolution 
of sulphur dioxide ; the salt is dcromposed again as the soln. cools. A soln. of the 
salt gives a precipitate with aluminium suljihate, tartaric acid, and racemir acid 
only after a long mterval of time, and in less amount than would be obtained with 
an aq. soln. of ammonium sulphate. An alcoholic soln. of hydrochloroplatinic acirl 
precipitates rather mori* than half the contained ammonia. The salt does not 
dissolve in alcohol, and does not suffer any change when digested with that liquid. 

E. Divers and T, Haga prepared monobidiated trStmmoniiim imidodiaul- 
phonate, N(NH 4 )(NH 4 S 03 ) 2 .H 20 , by the union of ammonia with dianunoniuni 
imidOBulphonate in the presence of water. The ammonia must be in excess or the 
salt will be decomposed. Cone. aq. ammonia precipitates this salt from a sat. soln. 
of the diammonium salt, or from a sat. soln. of the sodium salt, but in that ease tbo 
precipitate is contaminated with the double sodium ammonium salt. Ammonia 
gas acts similarly and more effectively. The crystalline powder can be rocrystollized 
by cooling a hot cone. soln. of ammonia in a closed vessel. The crystals xesembLi 
those of the potassium salt. The clear, lustrous crystals gradually effloresce ami 
become opaque and damp ; and in a dry ommoniacal atm. over solid potassium 
hydroxide, the crystals slowly become opaque and anhydrous. When heated, the 
salt partly fuses and passes into the diammonium salt with the loss of both ammonia 
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and water ; at the eame time there is some hydrolysis into the sulphate. When the 
salt is dissolved in water, it dpcomposes incompletely into the diammonium salt 
Hiul animonia ; on evaporation, crystals of the diammonium salt are formed. 

As just indicated, II, Rose showed that dinitimiminm imidndiimlphnniLta, 
^[(NH^SOaln, is produced by evaporating the aq. soln. of the triammonium salt ; 
II Bose, V. A. Jaequelain, and M. Woronin also found parasnlfatammon to be a 
by-product in the preparation of sulfatammon from sulphur tiioxide and ammonia, 
1], Rerglund, and A. Menlo made it by the action of ammonia on chlorosulphonic 
,ir id ; A. Mentc, by the action of ammonia on sulphuryl or pyiosulphnryl chloride ; 
|{. Fr(^my, by the action of nitrouH gas on an ice-cold soln. of ammonium sulphite 
and hydrolyzing the product ; E. Berglund, by heating ammonium amidosulphonate 
to IGO^; E. Divers and T. Haga, by treating either of the lead hydioxyimidosul* 
]iluiiiates with ammonium cailionato ; by treating barium imidosulphouate fused 
^itli dll. Bulphurir arid, and then with ammonium sulphate until all the barium is 
jirecipitated ; and finally, by stirring triargentic iniidosulphonate with an eq. 
f.olD. of aminoiuuni bromide. The filtered, aq. soln. of the salt is evaporated, while 
lvi'])t alkaline with a drop of cone, ammonia to prevent hydrolysis ; and allowed 
to crystallize. 

The clear, colourless, lustrous, monoclinic crystals were shown by L. Mfinzing 
to have the axial ratios aii: c- =1*6443 : 1 : 0-9672, and jS- 92® 45'. They are 
isomorphrius with the conesponding potassium salt. A. Mente gave 1-965 for the 
^)) gr IT. Rose said that the salt does not absorb moisture from the air. The salt 
IS rather more stable in water than the triainmomum salt, and the soln. is neutral, 
hut Y. A. Jacijuelain found that the soln. reddens blue litmus even when free from 
sulphuric acid ; Ibis, said 15. IJerglund, is a result of hydrolysis. H. Rose said that 
the jiroduct obtained by heating this salt dillersbut little from those obtained by 
luating aiumoTmirn sulphate except that no water is present — ^ammonia and sulphur 
dioxide are evo]\cd, and if the tcm]i. is not too high ammonium hydiosulphate 
remains as a rc&idue ; ammonium sulpliite and sulphate are present in the sublimate. 
V. A. Jaequelain reported that the salt can be fused without decomposition, and can 
he kept in a fused condiiion in an atm. of dry ammonia, without change ; hut, 
arcoTiling to E. Divers and T. Haga, in vacuo, diammonium amidosulphonate suffers 
iio change until very near 357®, when it melts, effervesces, and boils, A little 
niihhmafe may appear at about 190®, most of the vapours from ihe molten salt 
fousist of uucliaiiged iniidosulphonate, but there is a slow decomposition: 
6Nn(NH4SOg)2 -2N2-1 HNHg-hOlIaO-l GRO2+6SO3; and there is also formed the 
pynibulphite, and the pyrosiilphate, (NH4)2S207. Any ammonia 

(‘volired without adnuxed nitrogen is due to the action of moisture on the 
homewlmt deliquescent salt : NH(NH4S03)2+H20 -H2N.NH4S03-[-NH4H804 

=Nllg-| (Nn4)2B207- According 1o H. Rose, the evaporation of the aq. sob. in 
an gives the unchanged salt as widl a.s some ammonium sulphate and sulphuric arid. 
The aq. sub. gives no precipitate with salts of barium, strontium, calcium, or lead 
f'ven after standing a long time ; but if the sob. has become acidic, or if toiled with 
bfiriuin chloride, a little baruiiii sul]>hat6 may be preeipit/ated ; barium chloride 
•md hydrochloric acid together give a precipitate after the lapse of about 12 hrs. 
The aq. soln. in nine parts of water gives no precipitate with tartaric acid after 
f'iandiiig several days; with raeemic add it gives a scantier precipitate than is 
obtain I'd with the triammonium salt , and it behaves like the triammonium salt 
vcith aluminium sidphate, and hydrochloroplaiiiiic acid. No precipitation occurs 
when the aq, soln. is treated with manganese, copper, or silver nitrate. 

E. Bcrglund prepared trisodium iimdodi8Ulphoiiate» NaN(NaS03)2.12H20, by 
aJdmg the potassium anil to a boiling sob, of sodium chlondo and hydroxide ; the 
tdt Bopaiatca in thin plules on (-ooling the sob., and it can be recrystallizcd from 
Water. E, Divers and T. IJaga followed the process for the preparation of the 
disodium salt so far as to separate a crop of sodium sulphate crystals, the sola, is 
then diluted with water, sodium hydroxide added m slight excess, and the liquid 
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is cooled. The trisodium salt begins to separate soon after the addition of the 
sodium hydroxide. The salt can be purified by recrystallization. The crystals, 
said E. Berglund, are largo and micaceous ; while E. Divers and T. Haga described 
them as thm, overlapping, hexagonal plates. The salt is stable, but the crystals 
effloresce in 6ij air, and Imve a mild alkaline taste. The salt is sparingly soluble in 
cold water, but is very soluble in hot water— at 27*5*^, 100 parts of water dissolve 
18*6 parts of salt. The soln. is readily supersaturated ; it is alkaline to litmus and 
to phenolphthalein ; and it has no action on a soln. of iodine. The salt is precipi- 
tate by alcohol from its aq. soln. without decomposition, and it can bo repeatedly 
crystallized from its aq. soln, without the loss of alkali. The crystals melt when 
heated, and their water may be driven off, causing a decomposition of the salt. 
In vacuo over sulphuric acid, the crystals lose 11 mols. of water, and accordingly 
E. Divers and T. Haga write the formula NaN(NaS03)2.H20-|-llH20. The ^t 
loses more water when heated, but retains some at 160°— possibly through hydro- 
lysb. If heated until decomposition begins, the salt yields a little water and 
ammonia, but more when lieated in air than in vacuo. When the dried salt is 
heated strongly in an open tube, it melts and effervesces, yiidding nitrogen, sulphur 
dioxide, and a sublimate of sulphur ; the saline mass at a red-heat is hepar sulphurta. 
If heated in vacuo, no sulphur dioxide is formed, so that that gas if present is 
produced by the action of air on sulphur. Just below the softening temp, of soda- 
lime-glass, the gas given off is nitrogen, some of the sulphur re^nains in the fused 
mass and is paitly elemental, and partly thiosulphate ; a trace of ammonium sul- 
phite sublimes; but the main reaction is represented: 2NaN(NaSOg)2 
=- N24'S |-3Na2S04. Acids dissolve the trisodium salt, and if the right proportion 
of acid is added, the disodium salt is formed. Cone, sulphuric acid, not in excess, 
dissolves the crystals with a fall of temp., but if more than enough to fonn the diso- 
dium salt is present, heat is developed, and the neutralized sob. furnishes crystals 
of sodium sulphate and the disodium salt . Carbon dioxide decomposes a cone. sob. 
precipitating sodium hydrocarbonate ; cone. aq. ammonia precipitates the dodeca- 
hydrated trisodium salt free from ammonia; ammonium salts react by douhln 
decomposition, forming the triammonium salt which is partly decomposed by water 
giving off ammonia ; and potassium sails, say the nitrate, added to cone. sob. 
produce no change, but when neutralized with an acid, the sodium salt is deposited. 
Unlike the disodium salt, sob. of the trisodium bait give precipitates with melal 
salt soln. — in some cases hydroxides are formed, and with silviT, mercury, lead, 
calcium, and barium nitrates yield imidosulplioiiatcs. There is no visible actiou 
with mercuric chloride ; and mercuric oxide di.ssolvc8 to a limited extent in sub. 
of the trisodium salt. 

E. Divers and T. Haga prepared heptahydraled pentisodlum ammonium Imldnsul- 
phon^ Na,l?Ii 4 N|(S 0 |) 4 . 71 I| 0 , in small pnsins, by cooling to 0^ a mizeil soln. of tLe 
diBodium salt and cone, aminoma. 1 ho dry salt is stable. If cone, ammonia be added to 
a soln. of the irisodiiim salt containiog the oq. of 3 moU. of sodium nitrate, a crystalline 
precipitate of the hemlpentahydrate, Nn|NU4KifHO|)|,2JJl|0, is formed. It loses wat(>r 
and ammonia when heatod. 

£. Berglund noted that some dilithiom unldosnlj^onate, NHfLiSO,),, is {ormrii 
when lithium amidosulphonate (f.v.) is heated to IGOMTO", £. Divers and T. Hap.i 
prepared disodiimi imidosalplumBte, NH(NbS 03)2.2H,0, by nuxing 2 mols <>( 
sodium nitrate and 3 mols of sodium carbonate with twice their weight of waki. 
and passing sulphur dioxide into the soln. The contauiing vessel is kept cool with 
cold water. When the liquid is ahnost neutral to laemoid paper, the flow of gas 
is slackened, and stopped as soon as the liquid reddens the test-paper permanently- 
Selecting intermedmte stages, the main reaction at this stage may be Bymboliz<'>l . 
2NaNO2-l-3Naj(‘Oj-|-0SOg=:2N(NBSOg)8+N^^O,+3CO,. The excess of pyro- 
sulphito is neccBsaiy to convert all ^e nitrite into the nitrilic salt; and its 
presence helps to preserve the imidosulphonate subsequently formed. The 
soln. also contains but very httle sulphate. The soln. then becomes wsrnt 



NITROQEN 


m 


and gives off snlphur dioxidoj owing to a partial hydrolysis of the nitrilio salt: 
2lT(NaBQg)a4]Na2B205-|-H20=2NH(NaS08)2“|“2Na2S04-l-2S02, so that the sohit 
rontaiDB nothing but imidoBulphonate, sulphate, and sulphur dioxide. The sulphur 
dioxide is removed by passing a current of air through the liquid for about 30 
iniautes ; and sodium carbonate is added to render the liquid slightly alkaline. The 
liquid is concentrated by evaporation on the water-bath, and cooled to 0^* so as to 
rrystallize out the sulphate ; a seocind evaporation and cooling may bo necessary 
to eliminate more sulphate. Another evaporation and cooling to ordinary temp. 
cAUses the separation of dihydrated disodium imidosulphonate in well-form^ 
crj'stals. The yield is about 80 per cent., and the main losses are due to the mixture 
of sodium sulphate and imidosulphonate in the mother-liquor. The salt can be 
purified by rccrystallization from warm water made slightly alkaline to prevent 
liydrolysis. Instead ol using sodium carbonate, fresh sodium sulphite or pyro- 
sulphite can be used. The disodium salt can be made from the trisodium salt^ 
llip latter is the more stable salt. The trisodium salt is treated with dil. salphuric 
.11 id until neutral to litmus, and the mixture kept for some hours at 0°. The clear 
li piOT, on evaporation, yields good crystals of the dihydrated disodium salt. 

Disodium imidosuljihonate furnishes large rhombic prisms. It is very soluble 
in water ; it has a slight acidic reaction, and is devoid of snlphurous taste. The 
(j)>tiils do not elllorcbce in air; but in air dried by cone, sulphuric acid, they 
become opaque, and lose their water. They can bo kept in a dry atm. 
jMili‘fjniiely, but they are liable to hyrlrolyze into an acidic mixture of sulphate and 
.imidoBulphonnto. The aq. snln. of the salt can be moderately heated for a short 
tjine, but is liable to hydrolysis. The crystals suffer some hydrolysis at 100°. The 
^.lIt also 4lecom])OHes when it is dehydral ed. It decomposes when heated in a manner 
«ir..ilogijus to the dipotassium salt {vide infra). The disodium sail is more fusible 
than the potassium salt. The disodium salt does not give a precipitate with many 
of the common metal salts ; but in moderately cone, soln., it gives a precipitate of the 
(lilintassium salt, with potassium salts ; of the trisodium salt, with sodium hydroxide; 

1)1 the barium sodium salt, with barium hydroxide; and of the sodium ammonium 
sail, with ammonia: 5NH(NaSO02t5NH3-2N5(NH4)N2(aOg)4+NH4N(NH4SO3)2; 
l)ut if sodium nitrate, or chloride is added before the ammonia the reaction is : 
Ml(NaS03)2+NH3-fNaN03=-NH4N03+NaN(Na803)2. Basic lead acetate gives 
a copious precipitate, normal lead acetate a scanty precipitate, but lead nitrate 
nil ])reeipitate. The latter salt favours hydrolysis so that a little lead sulphate ia 
siiou precipitated. Both mercury nitrates give precipitates ; precipitated mercuric 
oMdc gives mercury disodium imidosulphonate ; silver hydroxide forms the silver 
disodium salt; and cupric hydroxide has no visible action when evaporated on 
ilie water-bath; with sodium carbonate or acebatc, some tribodium salt is formed, 
»nrl Ciirlion dioxide or acetic acid vapour escapes. In the latter case, a sliong 
id \ <ipour rises from a highly alkaline liquid. 

If a mixture of a sola, of the trisodium salt with a slight excess over au eq. 
pioportioii of ammonium nitrate be evaporated, ammonia escapes, and the acid 
boln. IS neutralized with ammonia from time to time ; water is also added if ncces- 
Miy to dissolve any crystals. During the cooling of the hot sola., erysLals of sodium 
ammonium nitratoimidodisulphoiifttBs NI1(NH4S03)3 NaNOs, are formed iu smaB, 
Ihit, thick prisms, which are anhydrous, and stable in air. The salt cannot be 
washed with water, or recrystallizcd from water without hydrolysis. If too little 
iiiumunium nitrate is used the complex salt is contaminated with some disodium 
imidosulphonate. The constitution ia represented with quinquovalont nitrogen : 

H ^ (i^n*so4), 

NO,' " "Na 

E. Berglund prepared tripotassium imidodisulphonatet IIE(EB08)2.Hi20, by 
'^‘*''»«lving the potassium salt in a soln. of potassium hydroxide, evaporating, and 
louhng, Ihe salt can be purified by rccrystaUization from the smallest proportion 
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of hot water. F. Raschig used this proceaa. The well-formed, triclizuo orystals 
were found by A. Fock to have the axial ratius a:b: c=0'9796 : 1 : 0-B415. Thft 
water of crystallization is given oil at about 100^ E. Bcrglund found the salt 
can be heated to 200^ without change, and it is also stable in aq. soln, The salt is 
not oxidized by permanganate, and with the heavy metals it forms sparingly soluble 
|)otaSBifeiouB precipitates. 

E. Berglund obtained dipotassiom imidosulphcmate, NII(KSOs)2, by heating 
potassium amidosulphonate to IGOMTO**. E. Divers and T. Haga worked at 
350°, when the salt melts and decomposes: 2H2N|KS03)= NH(KS03)2+NH3. 
E. Fremy, A. Claus, and F. Raschig hydrolyzed potassium nitrilosulphouate with a 
little dil. sulphuric acid ; and A. Claus and B. Eoch observed that the dipotassiuni 
salt is formed by crystallization from soln. of potassium nitrilosulphonate in boiling 
water, or acidulated water. F. Raschig said that tlie yield is poor. M. Woroniii 
made the dipotassium salt by dcconiposmg the barium salt with potassium sulphate, 

E. Berglund, and E. Fremy added potassium chloride to a soln. of the diammouiuni 

salt, and recrystallizeJ the dipotassium salt from luke-warm water, or dil. aq. 
ammonia ; and E. Divers and T. Haga obtained the salt in a similar manner by 
double decomposition of the disodinm salt wilh potassium salt. Dipotassium 
imidosulphonate furnishes small six-sided plates (E. Fri^my) ; six-sided pyramiilb 
resembhug augitc (A. Claus and S. Koch) ; or long needles and granular aggregatoH 
(F. Raschig), L. Mtinzing said that the erystals belong to the monocliuic system, 
and have the axial ratios a:h:c- 1*6555 : 1 : 0- 9573, and 31'; while 

F. Friedlandcr said the crj^stals arc rhombic with the licxagonal habit in conse- 
quence of trilling. E. Frdiuy said that the salt does not change in moist air ; and, 
according to E. Divers and T. Haga, and A. Claus and S. Koch, not at 140°-15()'' 
in moist air. E. Divers and T. Haga found that at 170°"-180°, the dipotasHium 
salt slowly fixes water and hydrolyies so that the imidosulphonate loses its oryslal- 
line lustre, cakes togrthcr, and become acid. If the salt be llioroughly dried, and 
in a dry atmosphere below the softening It^mp. of soda-lime-glass, no notable chnngt* 
occurs. If the air is not dried, the salt begins to increase in weight owing to thr 
action of absorbed moisture. E. Frdmy, and A. Claus and S. Koch reported that at 
aliout 200°, potassium sulphate, sulphur dioxide, ammonia, and a coloured subli 
mate arc formed ; but, according to E. Divers and T. Haga, they did not report 
the fonnaiion of a white sublimate as well, and also the evolution of nitrogen, whirli 
shows that the salt is not an addition compound of ammonia. In vacuo, the salt 
yields a slight sublimate between 350° and 440^ ; and at the l< mp. of decomiiositiuii 
the salt melts and boils : 3NH(K808)2=N2+Nn3+3B02+3K2SU4, The sub 
limates are n product of the union of sulphur dioxide and ammonia. There was 
no evidence of tlie intermediate formation of mtrilosulphonate : 3HN(KS03)^ 
-=NIl3-|-2N(KS03)3. E. Berglund said that the dipotassium salt is less soluble 
than the other normal mudosiilphonates, and E. Fremy added that 100 parts of 
water dissolve 1-56 parts of salt at 23^ Boiling water, said F. Raschig, transforms 
the salt into the amidosulphonate, and E. Fi^my, and A. Claus and B. Koch showed 
that with acidulated water, sulphur dioxide, ammonium sulphate, and potassium 
sulphate are formed. E. Berglund found that the dipotassium salt dissolves in a 
Boln, of potassium hydroxide, forming the more soluble tripotassium salt which, 
according to F. Rascliig, can be precipitated by carbon dioxide. A. Claus said that 
sulphur ^oxide dues not decompose the cold aq. soln. E. Fi^my, and A. Claus and 
S. Koch observed the slight action exercised by sulphuric and nitric acids on thi‘ 
dipotassium salt. E. Divers and T. Haga said that very little sulphuric acid 
obtained by extracting thi^ cold mass with ether or alcohol ; and they add that 
there is no evidence of a reaction: NII{KSO3)2+2Jl2S04--2KHS04+NlI(11803)2- 
E. Divers and T. Uaga studied the action of sulphuric acid ; and they observed 
that a dry mixture of the dipotassium salt and potassium hydrosulphate may 
fused without appreciable chemioal action, but at 420°-460°, the imidosulphonatu 
is decomposed the same as it is when heated alone— moisture must be excluded. 
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E. Frimy observed no apparent decomposition of the dipolasaum salt by treat- 
ment cold cone, nitric acid. A. Claus and S. Koch found that the dil. soln. 
fl^ives a precipitate with lead acetate ; while the hot cone. soln. gives a basic lead 
acetate ; and E. Fr(?my obtained a cryKtalline double salt when the aq. soln. is treated 
with barium chloride. E. Divers and T. Haga observed that the dipotassium salt 
^rivcB many of the reactions observed with the disodium salt (g.e.). E. Divers and 
T. Ifaga found that the sparingly soluble dipotassinm salt is linrdly afiected by 
rligestion with a cold dil. soln. of sodium nitrate ; and if dissolved tberein, it crystal- 
lizes out again almost unchanged. If a soln. containing 3 mola of sodium nitrate be 
allowed to aland in contact with a mol of powdered dipotassium imidosulphonate for 
soTHf^ days, a granular mass of potassium sodium dinitiatoimidodisiiilphonate, 
MlI(KS03)2.NaN08.KN0a, is formed ; it is decomposed by water. Neither the 
two potassium imidosulpWatea nor the two sodium iinidosulphunates form double 
salts. Diaodium imidosulphonate and potassium nitrate suder double decomposi- 
tioHi but the reaction is reversible. F. Raschig obtained potassium chloroimidodi- 
sulphonate, NChSOaKja, in colourless, anhydrous crystals, when a hot soln. of 
sDcliuTu hypochlorite and potassium imidodisulphonate, NI^FIOjK)^, is allowed to 
r (lol slowly to the ordinary temp. The substance is unstable and decomposes into 
iiiirogen Iricliloridc and potassium nitrilosulpbonatc, N[S03K]3. 

Acrordin^' to E, Divers and T.'Haga^ when silver nitrate is gradually added 
to u subi. of Iripolassiiim or tri.sodium imidosulphonate, there is iirst formi'd a white 
|ire( i])itate which rerlissolves, there is then a separation of a felled mass of white cry- 
^l,ib. which redissolve, with the subsequent separation of a granular mass of minutt* 
iTV^'inls. Silver nitrate and trisodium imidnsnlplionatii yield three compounds 
ri wliicli 1, 2, and 3 atomb of, sny, sodium are replaced by silver. If a limited 
iiiiKiunl of the trisodium salt be added to silver nitrate, a while precipitate of tri- 
silver imidodisulphonate, AgN(AgS03)2, formed. E. Tierglund first prepared 
1 1n ^ salt. E. Divers and T. Haga found that the trisilver salt is very sbgbtl y soluble 
111 Mater, but is not deeninpoaed hy that liquid in washing, although after long 
washing it yields a turbid tiltrate of the colloidal salt. The voluminous precipitate 
forms white, chalk-like masses when dried ; the dried mass retains about 0'55 per 
r ent, of water even after a protracted heating at 110^. At a high temp, the salt 
ileroinposps with or without fusion, giving, in an open tube, a bttle ammonia, ami 
a ^light sublimati*, then sulphur dioxide, nitrogm, silver, and silver sulphide and 
snl]iiiate. In vacuo, there is scarcely any sublimate, and no ehangc occurs until 
the temp, attains 440°, when nitrogen and suliihui dioxide are evolved, and tho 
Tcsiduf' blaekcns without fusion, and consi.sts of silver sulphide and sulphate, and 
hilviT. The reactions are probably: 4AgN(AgS03)o--2N3 ] 2802-|-bAg2K04 
+Ag2S ; and 4AgN(Ag808)2-=2N2+48l)2+4Ag2B04“l-lAg, the latter being moie 
prononneed the higher the temp. The granukr precipitate indicated abuye is 
ilisilver sodium imidodisulphonate, NaNfAgSOs)^, and it is best made by adding 
tlie trisodium salt to a little leas than two-thirds its eq. of silver nitrate. The 
faint, bufi-colourcd, granular mass is quickly washed, and dried on a iioroua tile. 
Tile salt consists of imcrocrystalline, hexagonal plates which act on jiularizcd 
light. The salt is sparingly soluble in water, and is slightly decomposed 
by it, forming some silver hydroxide. The retention of water and the 
behaviour of heat resemble closely the results with the trisilver salt except that 
sodium sulphate forms one of the products of decomposition. The interlacing 
filiiuuH crystals, indicated above, consist of silver disodium imidodisulphouaite, 
AgN(NaS03)2 I ealt is prepared by adding tho trisodium salt to less than 

one-third its eq. of silver nitrate, and the mixture agitated at once so as to redissolve 
tho white silver salt first precipitated before the fibrous crystals begin to form. The 
salt is dried by press, in a calico filter, and betwoen porous tiles. This is the most 
Bolubh* of tho three silver salts, but it is oven then only sparingly so ; tlie salt is 
gradually docomposod by water, forming silv<*r hydroxiile, disodium imidosulphonate, 
and the tiisodium and imdium disilvei salts. It is therefore difficult to obi am the 
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salt pure. It retains water, and behaves when heated like the preceding salt, 
£. Serglimd said that when silver nitrate is added to an excess of a soln, of the 
trisodiimi salt, the precipitate contains more silver than corresponds with the 
trisilvcr salt. This is due to the hydrolysis of the silver disodium salt in dil. 
soln. with which E. Beiglund worked. 

£. Berglund report^ triCHlciom imidodisalphonatei Ca{NCa(S03)2)2.BH20, 
to be formed by mixing soln. of the tiisodium salt and calcium chloride. £. Divers 
and T. Haga showed that the product of this reaction is alwa3rB sodium calcium 
imidosulphonate--vide infra. If the triammonium salt is used t^en no sparingly 
soluble s^t is formed. The normal salt, tricalcium imidodisulphonate, is produced, 
when the tririlver salt is treated with an eq. amount of a soln. of calcium chloride, 
and evaporating Ihe dear soln. lor crystallization. E. Divers %nd T. Haga also 
made this salt by the less satisfactory process in which a soln. of diammoniuin 
imidoBulphonate is treated with the calculated amount of calcium hydroxide, and 
the ammonia all expelled by two or three evaporations of the soln, to dryness. 
The salt is only sparingly soluble in water, from which it crystallizes in rectangular 
prisms and plates wluch are stable in air. They also marie calcium hydroimidodi- 
BUlphonate, NllCa(S03)2.3il20, by decomposing the trisilvcr salt with two-thinls 
an pq. of calcium chloride, and a little IcisS than one-thiid an cq. of hydrochlnric 
acid ; and also by the loss satisfaclory method of miring the diammonium salt 
with the calculated proportion of ralcjum hyilroxulc, and repeatedly evaporating 
the soln. to (‘xpel all the ammonia. The evaporation of the aq. soln. furnishes u 
mass of radiating prisms, which, when dried on porous tiles, are permanent in air. 
When the calculated quantity of calcium hydroxide is dissolved in a soln. of tlio 
diammonium salt, a liquid is oltdineil which furnishes crystals of what are cnn< 
sidered to be ammonium calcium imidodisulphonate, possibly NH4NCa(S03]2.nIl 
They also made sodium caldnm imidodisulphonate, NaNCa(S03U-3H20, by adding 
a soln, of calcium chloride to an eq. amount of tnsodium imiilosulphonnte ; on 
cooling, the doulJe hall sejiarates in piismatic crystals which can be iccrystalli/iul 
from water. Tlu* salt is sparingly soluble in cold water, and absorbs carbon dioxide 
from the atm. llciiK'mbenng thr uncertainty iu the rolaiive positions of sodium 
and calcium in the mol., the graphic formula can be wrilten : 


Ca< 


SO3-N 

SO,-N 


.hOgNa 

Ca 

bUj.Xa 


Acoorling to E. Divers and T. Haga, E. Berglund seems to have made a 
mistake with respect to the strontium imidosulpLonato similar to that he made 
with the normal calcium salt . They obtained tristrontium imidodisulphonate, 
Sr{NSr(B0a)2}2.]2ll20, by rlissolving the strontium sodium salt in rlil, liydro- 
chloric acid andhltciing the soln. into a warm cone. soln. of strontium hydroxitle, 
repeating the operation twice or until all the sodium is removed. The soln. deposits 
thin scaly crystals which can be dried on a porous tile. When freshly pro])aT (4 
the salt IS a dodecahydiale, but after two weeks’ exposure, it {orms a liepla- 
hydrate. The strontium salt is more soluble 1 ban the barium salt, and is fairly solu i)le 
in hot water. When an ammoniacal soln. of the diammonium salt is mixed with a 
slight excess of a cone. soln. of strontium chloride, mixed ^th an excess of conr. 
aq. ammonia, and the soln. allowed to evaporate in a desiccator over potaHSiujii 
Carbonate, a white powder is formed which is the normal tristrontium salt with a 
slight quantity of ammonia in addition, and not ammonium strontium imtdosal- 
fhonate. If the normal strontium salt is boiled with water, a basic salt can bo 
formed, tristremtiam trihydiozyimidodiKalpho^ (Sr0H)N{(Bi0H)S03}2Dll!iil 
E. Berglund made irtiimtium hydroimidodisul^nate, NlIBr(S03)2.nU20, by a 
method analogous to that employed for the calcium salt, but found the product 
soluble, and so difficult to crystallize, that be did not examine it further. E. Diveis 
and T. Haga prepared sodium itrontiuffl fmidnab mlp hmiafca, NBNSr(B03}2.3U2t)i 
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by mixing moderately oonc. soln. of etrontiiim chloride and the truodium salt in the 
molar proportions 3 : 2 . The piecipitato first formed dissolves on shaking, and the 
Boln. deposits small prismatic cr^tals of the doable salt which is sparingly soluble 
in water, and which resembles tne corresponding calcium salt. E. Berglund mixed 
Boln. of rtrontium chloride and the tripotassiiim salt, and obtained a granular mass 
of potassiliin sfarontiiim imidodisuliihoDate ; his analyses calculated by E. Divers 
and T. Hags agree with Sri2KBH(ER20e)ii.3H20. The salt was probably impure. 

The reports of M. Woronin, and V. A. Jacquclain on barium imidosulphunates 
refer in both cases to double salts. E. Berglund first made bibarinm imidodi- 
solphonate, Ba{NBa(H03)2}2*5H20. It was also prepared by E. Divers and 
T. Ilaga as a voluminous, coherent precipitate when the trisodium salt is gradually 
added to an excess of a soln. of barium chloride. The washed precipitate is dried 
on a porous tile in thin layers exposed to air. It is diffirult to remove adherent 
water. The water is lost very slowly at 115 ^ Under the microscope, the white 
])()wdeT appears to consist of long, slender, interlacing needles. The salt is only 
blightly soluble in water, just enough to make the water give a slight opalescence 
with sulphuric acid. The soln. is alkaline to litmus, and is decomposed by alkali 
carbonates. The salt is soluble in dil. nitric acid, and Teprecipitated from the soln. 
by barium hydroxide. This property enables the product to be purified from 
sodium salts. V. A. Jacquelain, K. Berglund, and E. Divers and T. Hoga pre- 
pared hariom hydroimidodisulpbonate, NIlBa(S03)2.H20, by adding cautiously 
to the tnbarium salt a little leas than one-third the eq. of sulphuric acid ; and 
evajitirating the clear soln. in a dcsiceator. The minute, rhombic crystals are 
liiodorately soluble in water. The soln. is acid to Utmus, but neutral to methyl 
orange. The salt is si able in a desiccator in a dry atm., but it soon hydrolyzes in 
orilinary air at 140 °. If rapidly heated it decomposes suddenly, gmng a cloud of 
))niiiini sulphate. When treated with ammonia, the insoluble tnbarium salt and 
ammonium imidosulphonato are formed. M. Woronin prepared this salt, but 
he aasigiied to it a mol of water more, and called it barium sulphamaUf 
Ba(H2NS03)2i which is the same as BaNH(S03)2.H20, when the water is regarded 
os coubtiiutional. V. A, Jacquelain, M. Woroinn, and E. Berglund made impure 
ammonium barium imidodis^pbonate ; and E. Divers and T. Haga added that 
the gelatinous precipitate obtained by treating the diammoninm salt with banum 
hydroxide soon becomes granular, and consists of granular crystab intersporbed 
with slender needles of the tribarium salt in insigoiGcant amounts. Analyses 
agreed with the formula Ba6(NH4)2N4(S03)3.8H20, The product may be a solid 
Holn. ot Ba3N2(803)4 and NH4NBa(S03)2 with water of cT>^tallization. K. Fremy, 
K. Berglund, and £. Divers and T. ifaga prepared potassium barium imidodi- 
sulphonate by the action of haiyta-water on the dipotassmm salt. E. Berglund, 
and E. Divers and T. Ilaga made sodium barium imidodisulpbonato, 
Ba|iNaHNiQ(S03)2o.l3Il20, whieli may be a solid soln. of NaNBa(B0s)2 and 
1103112(803)4 with water of crystallization. Tins salt is formed as a crystaUine 
pireipitaic by slowly adding a dil. soln. of the barium chloride to an excess of the 
tii^»oduim salt. The salt is alkaline to litmus; very sparingly soluble in water; 
readily soluble in nitric or hydrochloric acid; and decomposed incompletely by 
ammonium carbonate. It does not lose appreciable amounts of water below 120°, but 
when heated quickly to a higher temp., it is dissipat(»d in a cloud of barium sulphate. 

Normal mercuroua imidosulphonaie has not been isolated. The only mercurous 
imidosulphate known is the basic salt prepared by E. Divers and T. Haga by 
adding dbodium imidosulphonate to an excess of powdered mercurous nitrate 
which h&n been stirred up with water until all has passed into soln. except a 
tttle basic nitrate: 8HgN03H-H20+2NH(NaR03)2={Hg4N(SQ3)2}20+4NaN0j 
-b 4 HN O3. The resulting mercurous oiyimidc^phonate, {Hg4N (SUslBkO .6H2O, or 
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is white and floocnlent. It loses very little weight at l00M20^ and part of that 
loss is due to the volatilisation of mercury, for tho salt beromes grey. At a higher 
temp, it becomes black, and tlien white again ; at a red-heat, the salt fuses and 
eServesces, evolving nitrogen, but no sulphur dioxide. The dark red liquid is 
mainly a mixture of mercury sulphates. This salt is more soluble in dil. nitnr 
acid than tho basic mercuric salt; cone, hydrochloric acid, even in tho cold, 
causes the formation of some mercury and increuric chloride, and on heating the 
change is complete owing to the production of amidosulphotiic acid. A sob. 
of sodium chloride becomes alkaline owing to Iho formation of trisorlium imido- 
Bulphonate ; a cold cone. soln. of potassium iodide dis.«(olve8 it, leaving half its 
mercury as metal ; and trisodium imidosulphonate converts it into mercury and 
sparingly soluble disodium mercuric iinidosulphnnnte, hence tho tiisodiuoi salt is 
not used in the preparation of the basic mercurous salt. 

Normal mmunc imidosulphomie has not been isolated. According to E. Berg- 
lund, and E. Divers and T. Kaga. when barium jncrcury imidosulphuiialc is treatcMl 
with dil. sulphuric a(‘id, in just sufficient quantity to remove tho barium, it forms 
barium sulphate, and mernny hydroimidosuVphonah ; the latter begins to hydin- 
lyze at once, and the soln. becomes turbid owing to the separation of merCUTic 
hydn^dodiozysolphonatet HN(SOy) 2 llf?.i 02 , or 
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£. Berglund represented the formula Hg{^'(HgS()a)oO} 2 , but E. Divers and T. 
think there is an error due to E. Berglund's product htaviug been coutaniiiiali d 
with potassium salt when prepared from dipotabsium mercury imidosiilplion.ih* 
and mercuric nitrate; E. Divers and T. Uaga’s product was obtained from t/i 
sodium imidusulphoiiaie and mercuric nitrate. (Jonc. solo, of mercuric nitrate, 
even when freed as much as possible from nitric acid, dissolve potas'^ium or sodnini 
imidosulphonates, forming clcai, stable soln.; if ihesc soln. are healed the imiilo- 
Bulphonate hydrolyzes into amidosulphouate, but if diluted without heating, lln'v 
deposit the mercuric hydroimidodisulphonatc. The same salt is precij)itatcd on 
adding a cold soln. of one part trisodium iriiidosulphonate to a cold soln. of r> 
of mercuric nitrate. Precipitation of the j^alt begins almost at once, and is finish lul 
in a few minutes. The mother-liquor still contains much mercuric nitrate iijul 
some imidodisulphonatc, besides sodium nitrate and much nitric acid. The aihli 
tion of a little more trisodium salt causes scarcely any further precipitation, but a 
larger quantity throws down the hydroiinidodioxysulphonute. The brilli.int 
white and voluminous hydroiraidoxysalphoiiatc hydrolyzes only very slowly iii 
its acid mother-liquor, on account of the protective action of the mercuric nitrate, 
it should be repeatedly washed by subsidence and decantation with an abumhim ■ 
of cold water, and drained till dry on a tile or filter, if less mercuric nitrate Ii.m 
been used, and the precipitate contains sodium (as disodium mercuric imid()dio\\ 
Bulphonate), this may bo converted into the pure hydroimidodioxyaulphoniite 
either by digestion for a day with cone, mercuric nitrate soln. and washing, i>i 
simply by continued and thorough washing with water. If digestion with iiici’ 
cury nitrate soln. is adopted, the water used for tho first washing must contain a 
little nitric acid to guard again.st the formation of any oxynitratc. The reaction h 
Bymbolized3Hg(N03)2+NagN(S08)2+2H20-HN(S03)2Hg302+3NaNOb+3HN(K 
and it can be regarded as involvingthc formation of sodium mercury imido-ox^'sni- 
phonate, NaN(S 03 ) 2 lIg 20 , which reacts with the mercuric nitrate ; Hg(NU,])i 
+NaN(803)2Hg20+H20=NH(S08)2Hg802+NaN03+HN03. This salt is an- 
hydrous ; it loses 0-7-0'8 per cent, of absorbed water at about ltX)° ; and it nniy 
be heated to 180° without change, but at dull redness it decomposes, giving nil 
water, nitrogen, and sulphur dioxide ; at the softening temp, of hard glass, it melt 
to a red liquid and efiervesces, yielding sublimates of mercury, mercurous and mi'i- 
curic sulphates, etc. Even in vacuo, the salt does not decompose compleldy 
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bcfoTP ihe mercury Rulphaten thsmBelvea begin to decompoae. The aalt reacts 
with sodium hydroxide and chloride, and with irisodium imidoBulphonatc similar 
to sodium mercury imiilozysulphonate {vide infra), B. Bcrgluiid tried to make 
annmnium mortYuric imidfdisulphontUF. by the action of aminuuiutn nulphate on 
hnriuui mercury imirlosulphonat.e, and B. Divers and T. Haga, by the action of 
ammonium hydrocorbonate on calcium mercury imidosulphouate. The precipitate 
consisted of calcium carbonate and ccdcium mercuric midottirmxynulphonaief 
Ca(S()3)2N.Hg.N(S03Hg0)iiHg. The ammonium mercuric salt thus appears 
incapable of continued existence. There are two sodium mercury imidosulphonates 
-one is the normal salt, the other is basic. B. Divers and T. Haga found that unless 
irraduaUy added to the soln. of the Irisodium salt, mercuric nitrate causes the 
immediate formation of a white, flocculent, crystalline precipitate which dis- 
iippears on agitation so long as there is enough sodium salt present to keep the 
iiiixcuie neutral ; when this point is just passed, the precipitate is 
permanent, niiil coiihists of sodium mercuric imidodinxysulphouate, 
(NaR0;d2N.llg,N(S()jUg())Jfg. If the nitrate is added until neutrality is just 
iiMi'lieil. or nearly reached, the soln. soon begins to deposit small, brilliant crystals, 
or does so after evaporation. These crystals are disodium mercuric imidodi- 
sulphonatef 11g{N(NaS03)2}2.o]f20. The Si^lt was first prepared by B. Berglund. 
'Die addition of a soln. of the tnsodium salt to one of mercuric nitrate, free from 
aii\ uuni'ccssarv excess of nitric ueid, produces a flocculent precijiitate of mercuric 
li^.lioiniidoMilphiiimte {vidr jtapui). If there i** too little nitrate, some sodium 
ineuiJiic iinidox>sulplioiLite will be deposited as well. Disodium mercuric imido- 
sid]dioiiute forms small prisms which are permanent in air, and sparingly soluble 
111 cold water. Four mids of water are lost ut ordinary temp, in vacuo, and most 
of file rem.iiniug water is lost at The residue slowly lucreasea in weight at 

1 , lor it leacts with atm. moL^tuTe, and becomes hydrolyzed. When heated 

mure strongly in on ojien tube, it }ieldh a sublimate consisting imiinly of 
.ininioniurn suljihitc, along with mercury, meiciirous buljih.ito, .suljdmr dioxide, and 
iiittoijcri. The TCMdiie contains mercurous, mercuric, and sodium sulphates. In 
\tinio. no miirkeil change occuis even at 440 , but just below red-heat, there is a 
■slfMdy decomposition: 2irgN«(NH»SOj|)4 4iNaoS04+Hg804+HgS j-2S02+2N2 ; 
and on further heating, 2ilgN^2(NaS()3)4— 4N.j2S04-f2Hg [-4SC)o-[-2N2. Soln. of 
ordinary metallic salts form a number of complex mercuric imidosulphonates 
sluduil by H. Bcrgluml. Thus, barium chloinlc forms barium mercury imido- 
Bulphonate. Sodium hydroxide precipitates mercuric oxide incompletely from the 
fmip salt soln., but not in the presence of sodium imidosulplionate. Ammonin, 
and arnmoniiiin chloride give white precipitates. Mercuric oxide dissolves slightly 
111 ail uq. soln. of disodium mercury imulohulphoTiate rendering the soln. alkaline. 
Ihitli nitric and hydrochloric acids dissolve the salt freely, but the former acid docs 
iitd ilecompohc the salt iiiiiueiliately, while the latter docs so completely, furiniiig 
ineri'urii’ sodium chloride, sodium hydrosulphate, and amidoHulphoiiic acid. 

The formation of disodium mercuric imidodiozysulphonate. 


Na^^Oa 
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has been discussed above. Two molar proportions of the tiisodium salt are used 
ior one of mercuric nitrate. It was first made by B. Berglund. K. Divers and 
llaga represent the reaction 4Hg(N03)2+2NaN(Na808)2+2H20=4NaN0^ 
1 ‘JHN03+Hg(0Hg803)2NHgN(NaSO3)2. 

When the attempt was made to prepare on inteimediate salt, disodium mtrcuric 
tHRK(S0.Na)a)0, the rpaeiioii appparrd to be ONoN(NaSO,), 
j + 4NaOH « 2HgN,(NttS0,)t 4 JIg(OJIgSO,)iN.Hg.N(NaSO,), + 12NaN0a 


Disodium mercurie imidodioxysulphonate contains water of crystalliza- 
linn, and appears to be slightly efllorescent. Protracted washing with water 
VOL. VIII, * 2 u 
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decompoaes it, leaving a residue of the hydroimido-diozyBuIphonate : 
2 Hg( 0 Hg 8 Q 3 ) 2 N.IIg.N(NaS 03 ) 2 +H 20 = 2NH(808Hg0)2Hg + {HgN(NaBQ3)2}20. 
A similar result is obtained by the action of a cone. soln. of mercuric nitrate. At 
ISO**, the colour changes permanently, and at a higher temp, the salt forms a reddish- 
brown liquid and efiervesces. The decomposition resembles closely that with the 
normal disodium mercury salt. Gradual heating in a current of dry air at ITO*" 
does not expel all the water, presumably owing to hydrolysis. The salt is more 
readily dissolved by hydrochloric acid than by nitric or sulphuric acid'; the salt is 
decomposed at once by the hydrochloric acid as it is in the case of the normal 
disodium mercury salt. Sodium hydroxide forms insoluble mercuric oxide, and 
disodium mercuric imidosulphonate which remains dissolved. A soln. of trisodiuni 
imidosulphonate dissolves a 111 tie disodium mercuric imidodioxysulphonatc. 
E. Berglund prepared what was jirobably dipotaasiiim mercuric imidodisiilphonatei 
Hg{N(KB03)2}2j and reported that it is not affected by nitric acid ; but E. Divers 
and T. Ilaga found that it is thus converted into mercuric nitrate and dipotassiuin 
imidosulphonate. 

E. Berglund failed to make calcium meicuric imidosulphcmate on account 
of the solubility of the salt ; but E. Divers and T. Haga obiaiued it in small pii>s 
matic crystals by dissolving mercuric oxide in a warm soln. of calcium imiih^ 
Bulphonatc, and evaporating the filtered soln. for crystallization. When mercuric 
hydroimidudinxysulphouate is digested with a soln. of calcium chloride, sniaJI 
crystals of calcium mercuric io^ochlorosulphonate, (NB20f)(^i)3lTgl']2.]2ll20, 
were found. E. Berglund also prepared strontium mercuric imidodisulphonate, 
N2ng{(S03)oBr}2.r)n20, by treating a cone. soln. of the potassium mercuric salt 
with strontium nitrate. The clear crystals are microscopic needles or rbombio 
])latcs. They arc more Rolulle in water than the potassium salt. When suspended 
in water, and treated nith hydrogen sulphide there is formed a soln. of fifrontLitui 
hydromidosuljihonale, {8r(R03)2)XH, which decomposes when the attempt is msitle 
to isolate the salt. K. Divers and T. Haga made crystals of barium mercuric 
imidodisulphonate, N2lIg{(S03)2Ba}2, from sodium mercuric imidobulphonate. The 
salt is but sparingly soluble in water. E. Berglund made the jitrUahytlrtUr by tlie 
process used for the analogous strontium salt ; and also by the action of banuiii 
nitrate on mercuric imidosulphonate. The crystals resemble those of the struu 
tium salt. The salt is fairly stable when heated ; it is almost insoluble in wali'T 
It is not attacked by dil. nitric acid, but is soluble iu cone, nitric acid. Com 
hydrochloric acid dissolves it freely; and with sulphuric acid it forms mercinn 
imidosulphonate. E. Berglund made magnesium mercuric imidodisulphonate, 
UgN2{Mg(S03)2}2.1oH20, as in the case of the sodium salt using as little watir 
as possible. The temp, during evaporation must not exceed 30 "', and radiiilini; 
masses of crystals are formed. The salt is unstable, and cannot be crystallizt rl 
without decomposition ; it decomposes below 100‘^, passing into a sulphate ; and 
it is easily soluble in water. 


E. Uorghmd found that when potashium Diereuric imidoBulphonate is added to a snln 
of mercuruuB nitrate, soine mnrcuric hydruimidoxyBulphonate is deposited only after JDim 
standing. £. IJiveis and T. Haga said tliat sonio nitric acid must have bt'en prehiMii. 
becauso prerjpitatioji ifl immodiate when that acid is absent. Tho composition vaiKs 
within the limits expressed hy imrmronc imidoxyjiuJpftonatef 0{Hg"N(S0,)|lig'|)|.3iJ 
and the more complex inercurosir salt : 


0 HR"-N=(SO,),=Hg'. 


+ 0 < 


HK"-N(SO,),Hg', 

Hg',-N(S0.),Jlg', 


4 fiH^O 


The former is produecd by adding disodium mercuric imidoaulplionate to half its woicht 
of normal mercurous nitrate ; and the latter by usiug these two components in the propt)rln)n 
2 ; 5 . 


V. A. Jacqiielaiu, and E. Berglund used a lead imidosulphonate in order tn 
prepare the acid. E. Divers and T. Haga could not prepare the normal salt trilorf/ 
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\rMdo&vilphoif{<Ae^ F 1 ) 3 N 2 (S 03 ) 4 . The first addition of lead acetate oi nitrate to a 
soln. of trisodium imidosulphonate gives a basic salt ; and when the basic salt is 
treated with a little nitric acid, most of it passes into snln,, while the undissolved 
|)art remains unchanged. If one of the basic salts of lead imidosulphonate be treated 
with less than Rufficient dil. sulphuric acid to make lead hydr nitniJn^ijni l plifmfttyj 
IIN(S 03 ) 2 Pb, the clear decanted soln. contains this salt in soln., but attempts to 
isolate it lead to its decomposition. This unstable soln. was also made by E. Berg- 
liind. According to E. Divers and T. Haga, in the absence of acetates, the soln. 
LAO be preserved for only a short time ; in a desiccator, the soln. dccomjinses into 
jiniiiloHulphonic acid and lead sulphate— slowly at first, but rapidly as the liquid 
Incomes coiic. A similar change occurs when the soln. is heated. The soln. is 
bligidly arid to litmus, and it produces with alcohol a voluminous precipitate, which 
gradually becomes crystalline, and which appears to be lead sulphate. 

Aci‘orrling to E. Divers and T. llaga, if lead nitrate and trisodium iinido- 
Rulpliniiate in soln. are mixed in widely varying proportions, lead trihydroxy- 
iinidodisulphonate, U()Pb.N(S 03 Pb 0 H) 2 , is precipitatci] : 3 Pb(N 03)2 \ 

\ lNji 3 N(S 03 ) 2 =(H 0 Pb) 3 N(S 0 j) 2 + 3 HN( 803 Na) 2 -i- 6 NaN 03 . The voluminous pro 
fipiiate soon becomes dense and granular. The results are not so satisfactory 
i\jth lead acetate in place of the nitrate. The disodium salt which is formed reacts 
wiHi the excess of lead acetate: .‘lPb(C 2 U 302 ) 2 + 3 n 20 -|-HN(KaK() 3)2 
( 1 * 1)1 )H),lN(S() 3 )o^ 2Na( 2 H 3 O 2 + 4 C 0 H 4 O 2 . The acetic acid so generated acts in 
reversing tlie icnction. This salt was also prepared by E. Bcrglund, and E. Divers 
.iiid T. Haira said that it ran be prepared in a high degree of purity by treating 
liMil pciitnhydroxyintidosulphonnte with but a little more nitric acid than is needed 
to icniovp the exresh of lead. The reaction is said to occur in two stages: 
(Pl)()n),N(S 03 )«Ph(()n) 2 -l (ilLVO.,- llNPb(S 03 ) 2 +r)n 20 + 3 Pb(Kn 3 )o; and tliH 
Miln then reacts with more of the basic salt: 2 (Pb 0 H) 3 N(S 03 ) 2 Pb( 0 H )2 
' 1IXI*1j(SOj)o lIjO 1 3 (PbOH) 3 K(SD 3 ) 2 * The trihydroxyimidosulphonate has 
itUo bo(m made by the action of disodium imidosulphonate on lead pentahydroxy- 
iiniilosiilplioiiate. The triliydroxvimidosulphonate forms mierosropic, prismatic 
cjysials ^Ijirli are aiilndrous ; they lose nothing at lOt)" ; are insoluble in water ; 
anil give but a slight alkaline reaction in contact with moist litiniis paper. E. Divers 
and T. IJdga reported lead pentahydroxyimidodisulpboiiate, Pb 4 (OH) 5 N ( 803 ) 2 , or 


IlO-b’ 


(SO.PbOli), 

"(PbOH), 


to be formed by adding trisodium iuLidosulphonate to a large excess of 
Unir lead acetate: NajNlSOaln-f :dHO)Pb(a IlgOa) -■ aNaCgirsOg+PblcyiaOj. 
t (Pld)II).^N(S 03 ) 2 pb( 0 ]l) 2 . Tliia salt was made by E. Berglund by gradually 
adding aij. ammonia to a mixed soln. of tbo diamiiionium salt and lead acetate so 
long us the amorphous precipitate first produced gives place to a crystalliiie one. 
When the amorphous precipitate no longer changes, acetic acid is added until 
iKithing but a crystalline precipitate is present. E. Berglund said that the pre- 
cipitate Las a variable composition ; E. Divers and T. Haga found their product 
him a uniform composition. The precipitate is insoluble in water, readily soluble 
hi ilil. nitric acid {vide supra)^ has scarcely any action on moist red litmus ; it is 
hisolulilp in soln. of the parent salts ; it docs not lose water at 130°, but at higher 
Icinp. It decomposes: 3 ( 0 H) 5 Pb 4 N(S 03 ) 2 -= 6 Pb 0 + 3 PbS 03 f 3 Pb 804 l-NHa+Ng 
^ 1 )H 20 . The mass then blackens through the conversion of the lead sulphite to 
Bulphate and to lead oxide and sulphur dioxide. 

P. Ephraim and W. Flugel prepared sparingly soluble cobalt heXEmnuilo- 
imidodiaulphonate, rCo(NH3)Bl2.{NH(SO^)2}3 ; cobalt aquopentamimiioiimdodi- 
Mlphonate, [Co(NHs)b(H 20) kfNHlSQslz}, ; and cobalt nitritopentamininoiiiiido* 

flisidphonate, [0o(NHa)j(H2O)lNU(SOs)2. 

II- Kirmrouther piepoi^ tctnpotaisiulii tcana-dicbloiodiiiiiidodijnilplioiiato^ 
platinile, [Cl2l^(NH.S03)£]K4, by disaolving potassium truis-dichloioimidosul' 
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phonatoplatinite in potassium hydroxide, and preripitating the soln. with alcohol. 
The yellow radiating clusters of prisms form a strongly alkaline soln. with water. 
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§ 51 Thionyl and Sulpharyl Amides, Imides, and Hydrazides 

H. Bchif! ^ thought that he had made ihionyl amide, BOiNU^)^) hy the action 
of thionyl chloride on ammonia, but A. Michaelis showed that the yellow product 
so obtained was only a mixture of nilmgen sulpbide, and ainmommn tri- and 
tetra-thionates. A. Mente obtained a similar product by ike action of ammonium 
carbonate on thionyl chloride. 

According to W. Traubc,^ when sulphuryl chloride in chloroform snlii. is treated 
with ammonia, there is formed (i) sulphuryl amide, SO/'l2+^^H3 ~2NH4('l 
+802(NH2)2; (ii) sulphuryl imidc, iS020l2+3NIIn=2NIl4(3-lnS02(NlD ; and (hi) 
probably imidosulphipyl amide, 2S62(^l2+7NIl3- 4N1I4C1+NI1(S02.NH2)«;, 
because ammonium imidusulphonatc was present in an aq. soln. of tlic products 
of the reaction. A. Hantzsrh and co-workers also obtained several by-products 
when ligroin was used in place of chloroform os solvent. H. V. Regnault prepared 
Solphuiyl amide, or sulphamide, S02(NH2)n, admixed with ammonium chloridi' 
by the action of dry ammonia on a mixture of sulphuryl chloride and ethylem* 
chloride in the cold. W. Traubc recommended the following mode oE preparation 

Wcll-eoolod bulpliur^l chloride, Hilutrd i^ith 16-20 vols. of chlorufomi, in sat. i^itb div 
ammonia, the precipitated product (JjasoKpiJ in water, the soln acidiljed i^ilh nitric ucid. 
and tho whole of thn rhlorine pro<‘ipitatod with silver nitrate ; the lillontd soln. ib iicutia 
hrod with alkali, treated with silver nitrate, anrl tho crystallinn pnu ipitale, which consists 
nf silver sulphimiile and some othor silver derivative, separated by tilt ration. After addin 
a further quantity of silver nitrate, the clear soln. is treated with alkali, when silver Riil- 
phamido is obtained as a colourless, amorphous preeipil ate, which, however, is invariably 
mixed with some other silver compound, probably the same as that present in the silver 
sulphimide precipitate. In order to remove this impurity, the well-washed proripitalu 
is treated with hydrochlorio acid in quantity exactly suflicient to convert tho silver min 
<'liloride, and tho strongly acid soln is noutraliznd with ammonia and mixed with silver 
riitrale, when only the silver compound of unknown eompoHition is precipitated ; pnn^ 
silver sulphamide con now be precipitated by adding silver nitrate and excess of ammonia, 
and on decomposing this compound with the neressaiy quantity of hydrochloric acJii, « 
neutral or feebly acid soln. of sulphamide is obtained. Sulpliamide is deposited in 
colourless crystals when its aq. soln is evaporated over sulphuric acid under rcdiu'iMl 
press. 

A. Hanizsch and A. HoU recommended purifying the compound by crystal- 
lization from hot ethyl alcohol. A. Mente found it among the products of the action 
of ammonium carbonate on sulphuryl chloride ; and F. Ephraim failed to ubiaui 
it during the action of urethane on sulphuryl chloride. £. Divers and M. Ogaw<i 
observed the formation of this compound in the spontaneous decomposition of 
ammonium sulphinate. 

The ammonium sulphinate is prepared os indicated in oonneotion with that salt, ami 
without removing the product from the flask in wliich it was madob a slow current uf 
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hydrogen was pawed through the flaak wliile immetBed in a witer-hath and gradually 
wanned to 70^ Thie temp, is maintained for 6*7 his. so as to drive off all tue MnmnniA 
The sulphury 1 amide is formed at 30°-35", and the higher temp, is ueed to destroy the thionio 
oompouuds as much as possibki. If the temp, exceeds 70^ the sulphuiyl amide is deoom- 
posed. The products of the reaction are then dissolved in enough ice-cold water to dissolve 
everything except tlie sulphur ; and cone, barium hydroxide is added to the unfiltered 
Aoln. Tw precipitates tlie sulphates, imidosulphinatos, and thiosulpliatw. The filtrate, 
wlicli is more or less turbid, is treated with wver nitrate until precipitation no longer 
obtains. The filtrate is neutraluod with ammonia, and the small precipitate temovod. 
TJio filtrate contains sulphuiyl amide and ammonium amidosulphonate. The former is 
precipitated by the addition of ammonia and silver nitrate, and the rilver sulphamide 
treated as in W. Traube's process — vidt supra. 

F. Ephraim and M. Ourewitsch said that sulphamide of a high degree of purity 
is niiule by dissolving the product of iho reaction between sulphuryl chloride and 
anunonia in a small quantity of water and making the sobi. just acid. After 
two or throe days the hydrolysis is complete, the mixture is evaporated to dryness 
111 a vacuum, and the residue extracted with ethyl acetate, which dissolves out the 
hiilpliainide, ainidosulphonic acid and ammonium chloride being insoluble. After 
eva])orating oil the ethyl acetate, pure sulphamide, m.p. 93°, is left. 

The colourless, rhombic, tabular crystals are quite tastedess and leave a cooling 
bi imation on the tongue. W, Tiauho said that they sinter at T5°, and melt at 81°, 
while A. llanizsch and A. Holl gave and F. Ephraim and M. Qurewitsch, 
93", for the m.p. W. Traube said that when heated above the m.p., sulphiiryl 
amide begins to give oS ammonia, and it decomposes completely with the evolution 
of arid vajjours when heated above 250°. A. Ilantzsoh and B. C. Stuer found that 
wli(4L heated above its m.p., it forma sulphuryl imidodiamide, and not trisulphuryl 
imide. A. Uautzsch and A. lloll said that sulphuryl amide is not an electrolyte, 
and its aq soln. conducts very badly. The lowering of the £.p. of water by sulphuryl 
niniile agrees with the mol. wt. 9G-8— theory for S02(NH2)n requires 96*2. The 
eonipnund is therefore onimolecular and built on the carbamide type. W. Sarow 
found the mol. electrical conductivity, fi, of a mol of sulphuryl amide in v litres of 
water at 25° to be : 

r ... 32 04 128 256 612 1021 

/A. . . 17 0 18 8 20 1 21 1 22*9 30 2 

He also measured the conductivity in snln. of hydrochloric acid, sodium hydroxide, 
and aq. ammonia, and inferred tliat the sulphuryl amide has the character of an 
and -vide supra, amidosulphinic acid. Sulphuryl amide has a neutral reaction. 
It IS readily soluble in water. Boiling acids decompose it, forming sulphuric acid 
ami ammonia ; but when treated with alkali-lye, amidosulphonic acid. It is de- 
(oiuposed by nitrous acid in the cold, forming sulphuric aciil. E. C. Franklin and 
0. F. RtaHord said that sulphuryl amiile rapidly absorbs gaseous ammonia, and 
readily dissolves in liquid ammonia. Tlie soln. so formed yields two potassium 
salts when treated with potassium. According to F. Ephraim and E. Lasocky, 
sulphamide readily dissolves in cold, cone, nitric acid, of sp. gr. 1*48, without being 
dee^mposed or nitrated. Nitration takes place immediately, however, if cone, 
sulphuric acid is added to the soln., the nitritO'CCiapound thus formed precipitating 
in the solid form. It is necessary to avoid any rise in temp, during the reaction 
and to work with a small quantity only, since the nitritosnlphaoiiAe, 
NH2.802.NH(N0a), formed very readily decomposes with explorivo violence 
when present in large quantity. When dry, it is much more stable than when moist. 
As BO prepared, it is fairly pure, and it may be further purified from ether. When 
heated carefully, it decomposes quietly at 95°-96°, but ortllnarily it decom- 
IHises with a slight puff, without detonation, white vapours being evolved. The 
formula is cuiifirmod by the analysis of the silver nibitOBulptaAiuidBi 
NJIAg.8O2.NAg.NO2, which is obtained as a lioocuicnt, white precipitate when 
silver nitrate is added to the aq. soln. of the nitritosulphamide, and then ammonia 
until the precipitate no longer increases in vol. Hydrogen is evolved when zinc 
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dufit is added to the aq. soln. of iiitrosul])hamidc, the zinc salt being formeid. If 
the Boln. is thru acidified with Bulphuric acid, oomplrtc reduction to hydrazind- 
SUlphamide, NH2.SO2-NH.NH2, occurs. The readiuu docs not stop at this [)t)iiit, 
but proceeds further, forming amidosulphonic acid, and hydrazinosiilplionic acid — 
r/r/c infra — or their zinc salts. The zinc salt of the latter is luurli iiiiirc soluble 
than the zinc salts of the former. If the nitric acirl solii. of sulphamide is well 
cooled, the addition of a few drops of sulphuric acid may give a white, ihdiquesci'ut 
prrcipi1at4>, which is jmibably a nitrato^phamide. W. Traube [uimd that llie 
compound is insoluble in ethyl alcohol, ether, and some «»tlier organic liquids ; but 
it is perceptibly soluble in cold and readily soliibb* in hot niethjd or ethyl alcohol. 

W. Traube and E. Ibmbkc found that suljiliuryl aiiudr dissolves 1-1 luol. j)ro- 
portions of ammonia at 20 ®; 3 - 0 , at O’; and 5 "l at — 20 ’, The product has an 
electrical condui^tivity 130 times that fd a 4 JS^-aq. holn. of sulphurvl uiiiiile , find 
the conduetivLty is 25 times that of a 4 .Y-soln. of ammonia alone. It is iherefurt' 
assumed that sulphuryl amide ran exist in an act- form : 


SiiliihuT}] aniKlr. Sulpha muhr acid. 


as in the case of carbamide. Sodium snlphamidate, HN : RG(NIL)ONa ; lithium, 
potassium, barium, and calcium sulphamidates were iirepan d in colourb 
nnn-hvgroscu])ic crystals. Similarly, copper tetramminosulphamidate, 
{I1N: SO(NHo)U}oCu 4NH3; and copper ethylenediammosulphamidate wi r 

obtained as blue crystals. They also pnqiared Jinnyluirne snlphamifl 
NH2.SO2.N : VllX\lK 

F. Ephraim and M. Gurewitsch made amidosolphuryl chloride, or sulphuryl 
chloroamide, C1S()2.NH2, by the action of thionyl chloride on uinidomitplionn 
acid — vide mpra ; they ah») hnind that amidr)mjl)du)mc ami ami phoqilior'i'* 
pcntachloride, in the proportion of 1 : 5 by weiglit, readily intcTactcd at 7 i) !tN . 
After filtering the olive-grocn liquid so oblaiiu'd through gla^s word, it wds dh- 
tilled on tlip water-bath under diminihlied press. Pho^jihorvl clilonde and |dM>- 
phorus tricliluriJe passed over, leaving u vii>rou.s, dark blown liquid, which depfiMieil 
white c^}^taLs (iii.p. 33 - 34 ")— after n long time at 0 . W. Traube and E. Keuhk' 
obtained it by the action of hypochlorous acid on sulphuryl amide, and g.ivi* iK 
m.p. as 66' without dccompoMtion. The aiialytu'ttl results wen* only in a[)pro\i 
mate agreement with the formula NlI^.SU^.UPC’I'j. amidosulphuryl phosphorous 
tetrachloride. The compound is very sensilivc to water vapour, hydrogen ciilondi , 
]jhos])horous acid, and aDiidnsul])bome arid being formed Boiling sodium hyiirtixidi 
dc>cs not liberate ammonia, which is only produced on jirolonged heating with fuiiiiiig 
hydrochloric acid in a sealed tube. All a1tem])ts to decompose it into its cuiu- 
poneiits were ummcceshful. 

IV. Traube prejiared silver sulphamide, H02(NHAg)2, by digesting sulphunl 
amide with ammonia and silver nitrate. The compound was also preps red b\ 
E. Divers and M. Ogawa, and A. Haiitzseli and A. Holl. F. Ephraim and 
M. Gurewitsch found that dimethyl sulphate and ammonia, instead of giMiie 
f'ulphuryl amide, formed methylamme and ammonium methyl suljdiate. 
They found that silver sulphimidodiamidi* is readily transformed with silver 
sulphamide by soln. in dil. acid, and precipitation from the warm soln. by amniuiii.i ' 
NJJ(80«.NH2)2+H20— NH2(HS08)-hS02(NIl2)2- H ammonium chlorosulphouale 
be treated with liquid ammonia; and the residue after the evaporation of tlic 
ammonia be acidified with nitric acid ; treated with silver nitrate ; and the filtralc 
fractionally precipitated with ammonia, hot soln. yi<*ld silver sulphamide, and cold 
soln. silver sulphimidoamidc. It is a colourless, amorphous powder, only slightly 
sensitive to light ; it has an alkaline reaction, and dissrilves freely in nitric acid ami 
ammonium carbonate, but is sparingly soluble in cold water. It loses aininoni i 
when heated, and decomposes completely at about 200° with evolution of sul 
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pliUTOUB anhydride j it reacts with alkyl iodides and with acid chlorides, and its 
aq, Boln. gives precipitates with mercuric nitrate — metcury salphamide— and lead 
acetate -to a d ndphanude. A. Hantzsch and A. Holl found that it is insoluble in 
j^yridine, and forma unsjrmmetrical dimethyl sidphamide when treated with methyl 
lodiiie ; W. Baiow also prepared a number of sulphaniides. 

W. Traubo described the formation of what he called sulphimidet along with 
ammonia and imidosulphonic acid, when sulphamidc is heated at 2rX)°-2lO'’. The 
solid product is treated with water, the soln. mixed with silver nitrate, and the 
precipitated silver sulphimidr, purified by recrystallization, is decomposed with 
ih], hydrochloric acid. The aq. soln. decomposes when the attempt is made to 
isolate Ihc solid, for when the soln. is evaporated below 10'*, only ammonium hydro- 
siilpliatc remains. A. Hantzscli and A. HoU found the soln. in ethyl acetate 
lias ])ropertiea in aecord with the trimolccular formula Bulphnryl tr^unide, or 
frisulphmide, (SOo.NEI)3— c.y. ebulliscopic determinations ol the mol. wt. ; and 
the I'lectrical conductivities of the aq. sob. of trisulphiinide and its salts. They 
wtTf* able to isolate a crystalline solid by crystallization frrim ethyl alcohol which 
they considered to be trisulphimidc itself. A. Mantzsch ami B. U. Stuer, however, 
^liO^^'ed that the alleged comjxmnd is extremely unstable, anrl that the sub. oblained 
])y AV. Traube, and the solid obtained by A. Uanizsch and A. HolK was really 
siilpliuryl imidodiamidc, only indications of the transient formation of triaulphimide 
111 iiDD-aqueouR solvents were obtained. Trisdpliiniide, acts as an acid, and a few 
h ills have been reimried. A. Haiitzsch and B. 0. Stuer consider that the compound 
lias laubomcric forms — a true iniidc and an acid : 


NH 

O^S^^iSO, 

llNv./NH 

SO, 


Nil 

no.osi ' \so.oii 

n', 'N 
SO.OH 


aimli»/j;fma with cranuric acid. Triaulphimide may pussiMy be constituted on the 
( \ iiiui lide tyjK*, with the tautomeric foims ; 


0 

UN:OS|^'^|RO;NH 
0\ /O 
SO: Nil 


0 

HO.NS.^ \SN.0H 
O'v, A) 
SN.OII 


'I ho losoliition of sulphimidc into the imidoamide and sulphuric arid is symbolized 


_ SO,.NH HOH 

HOH 


, HO 


A. llantzHch and B. C. Stuer reported ammonium trisolphiniide, (S 02 .N.NH 4 ) 3 , 
to bi' formed by jiassing ammonia into a sob. of the acid in acetic ether. The salt 
nqMirted by W. Traube by the action of ammonia on sulphimiJe must have been 
il'p hulphimidodiamide. Similar remarks apply to the product obtained by 
A. llantzscb and A. Holl. According to A. Hantzsch and B. C. Stuer, the golatbous 
tubstancp obtabed by these workers as a by-product in the jueparation of sulph- 
amidc by the action of ammonia on a sob. of sulphuryl chloride in ligroin was a 
luixture of ammonium chloride and Ammoniuin gulphimide, (S0N)3(011N4)3, of the 
111 ell J e-type. The mixture is difficult to separate. The product is soluble in dil. 
from which it is precipitated by alkali ; the acid sob. is gradually decomposed 
water. The salt is completely decomposed bv heating it with cone, hydrochloiio 
unil in a sealed tube at 150°. According to W. Traube, when the silver derivative— 
supra — ^LB treated with an eq. quantity of a hot sob, of potassium chloride, 
^^'ll'defined colourless crystals of potassiuiu solphimidey SO 2 ' NK, or (SO 2 • NK)^, 
fire formed. The salt is soluble m water i the sob. has a neutral reaction and is 
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quite Btabipi but it is slowly decomposed by boiling acids. The dry salt decomposes 
when heated, glowmg vividly, and leaving a residue of potassium sulphate and 
sulphite with the evolution of nitrogen aiul sulphur dioxide A crystalline ]>owder 
of sodium salphimide, say (SOg : NNa)3, was Mnulaily obtained It is soluble lu 
water, and its properties resemble tliose of the potassium salt. A green aniorplious 
powder of COp^r SUlphimide, sa} { (SO2 : N)3 {gCuQ, was also jnejiared W. Traube 
made silver sulphimide, S02NAg, as ropreseuted by A. Uaiitzsch and A IToII, 
(HO^NAgls, b} treating a soln of silver sulpbaniide with silver nitrate, and heating 
the })recipitated salt at 170 “ IWl® until ammonia is no longer given oD Tlu' 
poadcred malenal is ground up with an iiidifierent Mubstance by barium sulphate 
or ammomnm chlondc, and heatid to at first between 140 “ and 1 ^ 0 ', and later 
between 170 “ and 180 “ The mass is e\tracted inith hot dd nitrie and, and on 
cooling, silver sulphimule is obtiiiiiMl in aciculai tri slats, wimh ran be puiitied 
by re-crjstallization fiom vati 1 It ih sparingly Mdiibk in i old i\ater, more snlubh 
m hot water and ver^ soluhli in watei aridulatiMl siith intne iitid [t decomposes 
completely when heated, foiniiiig siher and silver sulphate A llantzseh and 
A. HoU prepared romplev s ^illi p\nilini , (StkN \g) j (it (,IIr,N W Tiaube made 
calcium sulphimide, {(^0^^)2J^(‘a3 soluble innvaKr, anil banum sulphimide, 
J (SU2N3|2Baa ^ lustiou^ in edh s, i^lnch lose wati r i\Leu heated The s ilt 

18 freely soluble in uater, and deciinipojcd by boiling li}diorh1r)nG acid, 
barium suljdiale Siher iiitiate piodiiccs a H])aiingl} soluble piiLijiitate with tin 
aq soil! A Ilani/srli and B V Stuir obtained the nuliiletype of baiium sid 
phinudo, "ilkD, by the action of binum chloride on the aiiimoniiiMi 

salt W Tiaube also prepaiedlcad SUlphimide, prEsiimibh A^lilil'b, winch 
crjstalli/is from hoi clil alcohol m long lunlKs A Jlant^sch and i lloll also 
made rnifhyl sttlphiniidr, (hO_X( l^)j , and hetrmjl An/juAwn/rfc, (hO^\ t'O ,)j 
A Monte rcpoited sidplinryl umdodiaimde, or ^ulphimidodiannd' , or inudu 
fiulphmide, NII^ RO2 Nil SO^ Mf., or IIN{S()2 to be forme d w In 11 amuioni j 

acts on p>rosulphuryl ddoiide This has not been couhrmed The subsiarm 
\vhichA llantzsch and A lloll desenbed as tnsulpbnnub ^as shown by A Ilant/^rn 
and B V Stucr to hr sulpbui}! imidodiainide M ({uieMitsch obtainr^d tins 1 oni 
pound by the action of sulphur}! chloride on liquid ciinmoaia • iJS02U2 | TMli 
=NH(S02 NIIj)^ I likewise* bv the ac tion of aiuidusulpkiiiyl chloiidi 

on the same niLiistniuni 2(Nll2 S()_ (1) -[-OMIj 2Ml4( 1 J- NI1[SU_ Nil2). In 
preparing sulphuryl imidoaniidr , A Ham/sc h and A Holl decomposed siK<r 
tnsulphimide with liMlrogm sulphirle ami €r> st rillizenl tin* jinuluet from iinflivl 
alcohol, and A llantzsch and B V Stucr picferred to dt compose tin* siKu 
rompouud with anh)dious hydrogen cyanide, and to use cth}l acetate as tin 
crystallirmg agrnt ; 

Fifteen to twenty c c of tborouglilv dned hydrogen cyanule at - 12 woretuati el 1 iHi 
3 to C gnnp nt diicd and pondered nilvei irisulpliintide in binall qiiantitKH ul a tunc, vmiJ 
fiequont agitatiuii J lu hltratt utM iapidl> uaalu d Hilli b} dingi n t } anido, uiid tin huUi n( 
evaporated m \ncuo Lhe ci}atallLne n-^idue, piutrcliid from the niuistine cpf Die a1 r 
was treated with dried cth>l ai state at 50 , and tJie iiltrato esapuiated in \a(iJo 11 
residue was pressed on pciious lilrs to remove oli u^^mous niatteiH, wnshe^d u little c th\ 
acetate, and ei^stollizrd fiuni its aoln in dned ethyl acetate 'Jlie operation hhinild 
Londurtf d in deaiLoators 1 he yield is only 5 poi i ont. of thi kjIv or ti isuljilmuuU eiiipli)} 1 d 

The needle-likp prjBldls have no colour or smell, but have a stiong nculir t idi 
They are not readily dissolved by waticr, they an* not h)grosiopic, ami are faiiK 
stable Tbe compound is at onre* di*composi*d b\ walei at 0 into ainidosulplionii 
ae‘id and sulphur>l amide* IIN(H()2 NH^)^ | Iljt) 8D2tNH2)2 f-Nn2 HSOj 1 
mol wi detenu mat ions of the salt 111 aej suln , aiirl the edectncal e’oinliirfiMi ^ 
LOnhrm thisuaction The ekctncal loniluctivity of aq seiln gives values 
spunding with those for amidosulphomc acid, since tin suiphui vl amide* also produi 1 1 
IS not an electrolyte The comjiouiid is insoluble in benzene, and chloroforni 
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Bporiiigly soluble in ether, cold and hot ethyl acetate, and acetic add. It is soluble 
m cold ethyl or methyl alcohol, and more so when heated. 

Sulphiuyl iraidodianddc is moderately stable towards alkalies, and it acts as a 
nmJiobasic acid, forming salts of the t^e (NH2.S02)2NH, It is not certain whether 
i]lp metal is directly attaclicd to the nitrogen. A.. Hantzsch and B. C. Stuer found 
that when Bulphuryl imidodiamide is mixed with finely divided glass, and exposed 
to dry ammonia, about 20 per cent, of gas is absorbed ; if the product be kept in 
a dohicrator until its weight is constant, arnmnninm 
I N llo.S()2)2N(Nll4), is funued. The same salt is produced when a soln. of sulphuryl 
imiduiliamidc in liquid ammonia is evaporated in vacuo. Its m.p. is in'*. When 
Milpliuryl iinidodiaiiiidc is gradually added towards an excess of an aq. soln. of 
jiDtassiuin hydroxide, the potassium sulphimidodiaiiiide, (NH2.S02)NK, first 
iiitiued gradually decomposes— unc-third of the total nitrogen being evolved as 
.immoiiia, anil an amidosulpbonaio is formed: H20+K0H-f(S02.NU2)2NK 
->M'bt f 2 Iv(N 1 I|>S 03 ). Hence, alkali-lye does not hydrolyze sulphuryl imidodi- 
to amniuuium iniidosulpLonate os supposed by A. Mentc. There are similar 
iiiilii'alious of the formation of liariu 7 n sulphimulodiamide, by the action of bar3rta- 
watcr. It was also found that silver iniidodiainide» (NH2.S02)2NAg.l|H20, 
obtained by adding sulphuryl imidodiamide, to an excess of silver carbonate or of 
mIv ei oxide suspended in water, is not acted on by cold cone. aq. potassium hydroxide 
tlie formation of ammonia ; it separates from a mixture of ether and pyridine 
]n sif'llale crystals. When acti‘d on by aeiilH, it forma mol. proportions of amido- 
Milplinnic aril I and sulphonamide. It is formed in small amount during the prepara- 
tion of silvei tnsuljdiiuiide. It is sometimes formed in rhombohedra. F. Ephraim 
and M. i 1 un^wil sch found 1 hat silver sulphiniidodiamide is obtained from ammonium 
. Iiloiosul|dioiuite as indicated above. When sulphuryl chloride is added drop by 
dro]) to liquid ammonia cooled by an ether-solid carbon dioxide freezing mixture, 
tliMe a violent reaction according to the equation: 2SO2OI2+7NHS 
NliiS02.N[L)2T4NH4(1. No trisulphimide is formed, and, after evaporating 
oil 1 1 j(< PA(‘ess of ammonia, silver imiilosulphamide may be obtained from the residue 
II. a iiiiinner similar to that aln^ady described. It is always coutaminated with 
^ulp]lam[de, tlie sulplmniide being formed from the sulphuryl imidodiamide 
.iieonling to the equaliuu : Nil(S02.NJl2)2+H20=NH2.S03H+802(NH2)2- In 
fart, Sliver siilpliiiuiilorliauiide may be reailily transformed into silver sulphamide 
h) soln. in dll. and and preci|)itaiiun from the warm soln. by ammonia. Pure silver 
^iilpkimidodinmide was prepared by extracting the product of the reaction between 
.sulpliund clilnride and bquid ammonia with ethyl acetate in order to remove 
till* sulpliuinidc, and th<m working up the residue at the ordinary temp, to silver 
*'Ul|iluirLulodiamide in Ihe manner already indicated. 

lii.stcad of working witli an excess of sulphuryl chloride, F. Ephraim and 
K. Mu lie] worked with an excess of anuuonia, adding a soln. of sulphuryl chloride 
In ligriiin to a soln. of ammonia in the same solvent, while a current of ammonia 
passing so as to keep the ammonia in excess. The products of the reaction 
•ire dilicrent in this ease ; very little sulphuryl amide, or trisulphimide is formed, 
riie L'liirf products are sulpliuryl imidoaiuide, and long chain products involving 
four 802-groups-€.(7. Nll2.S02.NH.S02.NH.S0o.NH.802.NHa-and these form 
oiilphuryl imide only by secondary reactions. The different substances were isolated 
-I*' hilver sails,. The product of reaction in the light petroleum was dissolved in 
walnr, and the soln, digested with freshly procipilated lead hydroxide to remove 
llii* (Unmuiiiiiiii chloride. After cooling and filtering, the filtrate was acidified 
nitric acid, and the remaining chlorine precipitated with silver nitrate. After 
cnlhM tmg the silver clilcuide, the filtrate was frai-tionally precipitated by ammonia, 
i II'* Jirst fraction was obtained by adding ammonia until the whiU', flocculcnt precipi- 
liile began to ball together, and then stirring for some minutes. The filtrate from 
I Ills reacted acid ; excess of ammonia was added, and the second and chief reaction 
was obtained. The filtrate was again acid, and gave a further precipitate of 
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unimpure product (not further inveatigated) on neutraliang with ainmonia, The 
silver salts were all amorphous, and contained irregularly varying amounts of water ; 
they were very difficult t*o purify. 

The first fraction furnished a white powder only slightly allected by light ; and it 
corresponded with Ag|N.80|.NAg80|.T^iS0t NAg.SO,.NAg|, t.e. heratidvfr ietraeuL 
jjhuryanmidodiafnide^ or Ag|N.60|.NH.80t.N(K0|.NAg)|. The first fraction contained 
what was ronsidetod to bo an oquimnlar niixture of silver sulphamide, and silver sul- 
phimidamide. It gives an addition product with pyridine. By frartionation still more, 
the salts (80,)cN|Ag,11.211,0, or Ag,N.SO,.MAg.8(l, NH.SO,.NAg.BOt.NAg|, hexaailver 
t€^ra^ntlph^4rylfnm^doduImidL• ; (SUa)|N,Ag78U|0, or AgiN.S0|.NAg.80|.NAgS0,. 

NAg.80B.NAgi, hfptasilvn tiirMulphurj/Ummfdodiamide, (S0 |),N|Hb^,. 6{H|0, or 
AgNH 80|.NAg S0| NAg 80,.NH(NH4}, atnmoniutn trunlver irMphvryldwnudodiarnide , 
and (80 |l4N,AgBB,.4HBO, which may l>e a mixture ot hilvi'r Hulphaimde and sulphiniida- 
mide, or (NH4)NAg 80,.NAg SO|.NAg S0| NAg 80B.NAg(Nli4), i.b. diammonium puUa- 
silrir UtragulphuryUmnidodiamide. 

F. Ephraim and E. Lasocky found that sulphuryl cldoride reacts with hydra- 
zinecarboxylic acid, ur preferably with hydrazine hyLlrnzinccarboxylAto, according 
to the equation: SOina+SNlIn.NU.COgH.NsH*^ SOi.(Nl[.NH2)jj+2N2H4,UCl 
4'2C02, forming sulphury] hydnudde, S02(N[1.NH2)2. The hydrazine hydruzinc- 
carboxylate is suspended in light petroleum or carbon tetrachloride, and thi* 
sulphuryl chloride gradunUy added, the moss obtained being well kneaded in order 
for the reaction to become cuniplete. It was not found possible to obtain 
the pure sulpho-hydiazidc, owing to the difficulty of separation from thi^ 
BCcom]}anying hydrazine hydruchlniide, but the hy^BZiiifi ^phurylliydrazide, 
S 02 {N(N 2 H 5 .NH 2 )} 2 , was obtained from the reaction product as follows : The 
reaction product was dissolvi^d in water, and the sola, digested at 50 '^ with freslilr 
precijiitatcd and washed lead hydroxide for several liours. The suspension of Iim*! 
hydroxide is alkaline enough to prevent the decomposition of the sulpliohydiazid'*, 
which is very sensitive tow'arJs acids. On eva]iorating the filtrate in vacuo an 
unciystallizablo syrup was obtained. The ( impound is stable in neutral or alkalinr 
soln., but it readily derouiposes in the presence of acids. It gives no prenpiiaie 
with the salts of the heavy metals, exeiqit mercury. When the soln. is evaporated 
with lead nitrate mul) a syrupy residue is hdt, from which hydrazine nitralr 
may be crystallized out by morulation, leaving an oil eorrespomling with (In' 
formula of lead hydrazine sulphorylbydrazide, Pk{N(NH2).S02N(N2ll^).Nll2|j 
A crystalliuR benzoyl derivative, sodium dibenzoyl sulphurylbydrazide, 
S02(NNa.NIIBz)2, was obtained by the action of benzoyl chloride on the alkahin* 
soln. of hydrazine sulphuhydrazide. 
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§ 66. NitroBulphinic and Niirilonilplumio Adda and fheir Salts 

A. Claus I assumed that a scries of substitution poducts are obtained in vliirb 
the nitrogen is qum^ucvalent,thus, N(HSO,)s,jwntasu^Aaiiiffiontcocut; Nll(Hri0j)4i 



NlTllOGEN 


667 


tdrasulphamnumic acid; NH2(irS0B)3j trisidpMmnmio acid; NH9(HSOs)2i 
disidphamfmnic acid ; and N^ilHSOa), mnosulphamnmic acid. There in, how- 
cviT, very little support for the hypotliesiH, the first n^'nibcr is not known ; the 
ir‘])rospntative of the second member is based on what is nnw considered to have been 
mixed product ; the representative of the third member is dubious ; the term 
ilisiilphammic acid was apx)lied to imidosul phonic acid wliich is now considered to 
Lave the constilution Il.N : (HS03)2 » “^^^d the last mnmber is TP])resented by 
snuiionium hydrosulphitej (Nlf4)(HS03). The replacciuent of the third hydrogen 
iitDUi of ammonia by the sulphiuic and sulphonic acid radicles furnishes the corre- 
sponding mtrilo-acids, in which the nitrogen nucleus is assumed to be tervalent. 
TLc first momW, nitrilosulphinic acid, N(HS02)3 , prci)arril. There 
IS a possibility that II. Schumann produmd ammo nium nitrilosolphinate, 
N(SU2N]l4)3, with the ultimate composition INH3.3SU0, by boding a solu. of 
iiniiLloHuIphinic with carbon disulphide in a reflux cuntlciiber with tlie careful 
f M lusioii of moisture ; ammonia is given off, and a dark red crystalline subbiiiato 

I liis couip4juiid is formed. It is very hygroscopic, iiml U deiiomiiosiMl by water 
vith Die evolution of amiiiunia. E. Divers conuders the allegcfi com])ounil to bo 
A imxturc of the decomposition products of anunoniuin amidosuljihinnte (7.1’.). 

E. Divers and T. lluga ^ have showm that Diere is an mberesling list of compouudjs 
of aimuonia with sulphur trioxidc, namely : 


tNH3.3SOa,t.r. . 

NIl,.2SOj, i,e. 

NHjiSlV L.e,S]\j{\m\) . 

4NU, 3SOj.i.P. NtNIUSlM, 
3Xlla.2.S(),. I r. HNtNJl,SO,), 
4 NJIa. 2 S 03 , i.r. (NHilNINll^SOj) 
2NnaBCVi.p. J1,M SOjNH* . , 


XitrilotriHulphonic neidj 
Imidosulphonic oi'id 
AiuidoAu 1 [)lionir and 
Amriiomi 1 1 11 mt i i 1 os iilpl 1 onate 
Diammonium inuclusulphonate 
Tnainmonium iiuidctbulpLoDnte 
Ammonium amidosulphoiiate 


The first member of the series, nitiilotnsiilphonic acid, X(US03)3, has not been 
isoKited in the free state, although its ammonium salt Is fourth on the list. The 
iMiiainder can be derived from one another backwards or forwards. The nitrilo- 
sulphonates were discovered byE. Fremy in 1815 and calli'd by him 'ndphammonfUrs ; 
HI iHfiO, their sulphonic nature was established by A. (laus ninl »S. Koch ; and m 
11^75, B. Berglund demonstrated their nitrilic consritiiiioii and called them nitrilo- 
piilpLimates. This was confirmed by F. liaschig in 1888 . E. Divers and T. llaga 
called them niirilosulphates, and suggested as possible names, amin itrisulpho^uitiM, 
trisulphamaies, £. Fremy called the acid anlplinmnionic arid; A. Claus, 
irisuJphammonic add ; and A. (^aus and S. Kix^h, tvtrasulplmnmoiiic acid. 

The nitrilosolphonates cannot, be olitained by the union of ammonia and sulphur 
tnnxide since the imidosulphonate is formed which is not resolved by heat into 
aiiininnia and nitrilosulphate. These salts are made by the sul])honaiion of the 
liydroxylaniidosulphonatcs which E. Frfmy accomplished by adding a nitrite to 
an excess of, say, potassium pyroaulplute when the i^otaasiiim nilriLwulphoiiato 
crystallizes out, or by treating a hydroxylamidosulphonate with sulphur dioxide 
111 ])resenr.e of a bass, a process which, in practice, resolves itself into treating the 
J orresponding nitrite in this way since the hydroxylamidosulphoiiat/e is funupi by 
the bulphonation of a nitrite. E. Fremy prepared ammoiiiam nitrilotrisulphonat^ 
114803)3.21120, by passing sulphur dioxide into a cone. soln. of aminoniiim 
lutritu mixed with a large excess of auuuonia until an abundant preeijutation of 
<’^y^tal 8 occurs in the soln. kept sufficiently cool. The cry&tiils were washed and 
dried. E. Fr 4 my represented the salt as a monohydrate, but E. Divers and T. Uaga 
F'liowcd that it is really a dihydrate ; E, Fremy s cr)^tals had lost some watt*r in 
the desiccator. Ammuniuin nitrilosulphonate separates in minute crystals which 
have only a slight taste, and are somewhat sparingly soluble 111 water, but so much 
niore so than the potassium salt that E. Fremy suggested that its solu. might be 
iihed as a qualitative reagent for potassium salts. It is not volatilized by heat, but 
is decomposed into sulphate. It is a very unstable salt, being liable in the solid 
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state to decompose (hydrolfee) suddenly with a hissing sound, charring paper in 
contact with it. 

E. Fr^my prepared potasilnni Ditrilotriaalphoiuitai N(ES 03 ) 8 . 2 H 20 , either by 

mixing soln. of potassium nitrite and sulphite ; by rapidly passing a soln. of sulphur 
dioxide into a dil. soln. of potassium nitrite ; or by the action of potassium sulphite 
on one of the other nitrosulpho-acids salts. A. Claus, and E. Divers and T. Haga 
showed that E. Frumy must have worked with soln. made alkaline with potassium 
hydroxide, A. Claus and 8 . Koch thus describe the process : A soln. of 100 grms. of 
potassium hydnixide in 200 c.c. of water is neutraUzed with sulphur dioxide, and 
mixed with 20 grms. of potassium nitrite in 10 c.c. of water. The mixture very 
quickly forms a mush of crystals winch is allowed to stand for an hour. The 
alkaline liquid is warmed with the addition of water necosaary for the dissolution 
of the crystals, and allowed to cool. A. CUos and S. Koch believed that if the 
cr)'Htals are separated at onco, they consist of potamum tdrasulplMmmonaie, 
HN(K 803 ) 4 , but this has not boon confirmed, and his product is considored to be the 
impure nitrilotrisulphonate. The slender needles with a pearly lustre were shown 
by F. Raschig to belong to the rhombic sptem, and, according to A. Fock, have the 
axial ratios a:h: c=-0-S156 : 1 : The crystals lose a part of their water over 

cone, sulphuric acid in vacuo, and all is lost at 100°-110^. At a higher temp., 
oxygen is given off as well, and potassium sulphate is formed. At a higher temp, 
still, E. IVemy said that sulphur dioxide, sulphurio acid, and ammonium and 
potassium sulphates, but no nitrogen oxides are given off. The salt in the course 
of a month decomposes into hydrosulphate, and imidosulphonatB ; but F. Raschig, 
and E. Fremy said that it does not appear to change whim kept in an atm. of 
ammonia. A. Claus and S. Koch said that the salt is insoluble in cold water, and 
E. Fr£my found that at 23°, 100 parts of water dissolve 2 jjaris of salt. A. Claus 
and 8 . Koch said that the salt is not affected by water at 40°, and E. Fremy crystal- 
lized the salt by cooling its aq. soln. from 4:0°-00°. F. Raschig showed 1 hat boiling 
water hydrolyzes the sdt to potassium amidosulpLonate, and also, if the action has 
been in progress only a short time, imidosulphonatc. The presence of free alkali 
in the aq. soln. was found by A. Claus to retard the hydrolysis. Dil. aciils act liki* 
water, but the salt is not decomposed by sulphur dioxide in a cold soln. According 
to E. Fremy, cold cone, sulphuric acid, and cold nitric acid act slowly, forming 
potassium and ammonium sulphates. The cold aq. soln, does not precipitate the 
metal salts, but with warm soln. complex, spaTiiigly-suIuble barium and lead salts 
may be formed. A. Claus and 8 . Koch said that the soln. in water at 30''-40'’ 
gives no precipitate with either baryta-water, or barium chloride ; with lead acelsl i* 
there is a dense, white precipitate of vaiiable composition ; mercurous nitrate soln 
forms a black powder ; and silver nitrate is not changed. 

F, Raschig prepared an impure form of sodium nitrilotrisulphonate, 
N(NBS0g)a.5H20, by pouring a cone. soln. of 3 mols of sodium hydro- 
sulphite or pyrosulphite on a mol of solid nitiite avoiding a rise of temp. : 
NaN 02 -|- 2 Na 2 S 205 =N(NaS 0 s) 3 +Na 2808 , but the product also contained hydroxyl- 
amino-BuIphatc, sulphite, and unchanged nitrite were present. E. Divers anrl 
T. Haga showed that the soln. should be alkaline, and recommended the following 
procedure : 

A soln. nontoinixig 2 mols of sodium nitrate and 3 mols of carbonate and water eq. to 
B^ut twice the weight of the anhydrous carbonate, is treated with a rapid stream of sulphur 
dioxide while the soln. is being shaken. The ftask is cooled by cold water ; and owing to 
the temporary formation of hydrocarbonate, the shaking is maintained. The warm solo 
is now at a temp, of 50°-Q0**, and the rate of passage of the gas is reduced os the quantity 
of hydrii carbon ate suspendBd in the soln, losseiis. As soon as tho soln. roddens litmus, Uk' 
current of gas is stopped, otherwise tho iiitriiosulphate will hydrolyze. IJuriiig tlio linul 
Rulphonation cri^ala of the uiinlosuliihoriate separate ; and the quantity iiicroases os tlit) 
soln. oouls It is best to work with the soln. mode alkaliue by a drop or two oi a r*eni; 
soln. of sodium hydroxide. The mother-liquor can be evaporated over sulphuric acid for 
more crystals. The reaction is symboUzed: 2NaNO|-|-8Na,CO,-H8SO,-2N(NaS(la)j 
4-Na|S|U|+3CO|. The crystals are washed with a little oonc. aq. ammonia, and dned 
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on a tile. The ezoeea of pjrroBulphite beyond that shown in the equations is neoessaiy for 
the prompt Rulphonatirin. The crystal containing 21-8 per cent. 11 10 lose 15*6 per cent. 
driid in vacuo over sulpburic acid. 

Sodium nitrilotrisulphate crysialliisee in short, thick prisms which melt when 
heated and dccomposo in thrii water of crTstallization into sulphates. A. Fook found 
for the hexagonal prisms the axial ratio a : c=l : E. Divers and T. Haga 

sliowed that the crystals cannot be long preserved under any circumstances, soon 
Biifiering deromposition and becoming opaque and acid, even in their own liquor 
aft it has been made alkaline. That is, the sodium salt is more unstable than the 
])otaBBium salt. It is neutral to litmus, and must be soluble in about its own weight 
n{ water, tn judge from the amount of it left in the mother-liquor in its preparation, 
although here, no doubt, the pyiosulphite also in soln. will aficct its degree of 
solubility. F. Baschig also Tci)ortcd Bodium dipotasaiam DitrilobriBiilphonake» 
N(S03)3K2Na, to be formed by adding a soln. of potassium chloride gradually to 
£1 crude soln. nf sodium nitrilnsulphonatc. E. Divers and T. Haga obtained the 
same salt, which is like the sodium salt in appearance and like the potassium salt 
ill being nearly insoluble. According to F. Baschig, it is anhydrous, and occurs 
either as a sparkling sand or in hard crystals the size of pinheads and of adamantine 
lustre. 

E. Frdmy treated a soln. of barium nitrite with sulphur dioxide and obtained 
crystals of a salt— probably impure bariom mtrilotiisiilphoiiate, { N (SOsjs | 

--which gave ofi ammonia when heated, and which was too unstable to investigate 
liirtber. E. Frdmy also obtained a crystalline precipitate by adding ammonium 
iiitrilosulphonate to a soln. of a banum salt. The composition approximated 
ammoniiim bariom lutrilotrisolphonate, N(S03}3Ba(NH4). It was sparingly 
.soluble in water; poiassdom bariom nitrilotrisolphonate, NiSOalsBaK.nHsO, was 
made in an analogous way. E. Divers prepared what was possibly sodium bariom 
nitrilotrisulphonate, N(S03)3BaNa.tiH20, by adding the sodium salt to a cone. 
biiliL. of barium rlilnnde rendered faintly alkaline with ammonia, a flocculent pre< 
ripitate is obtained which become.s dense and ciystalline on standing. It is sparingly 
soluble in water and very unstable. According to E. Fremy, impure ammovium 
lead rntrilosulphonatc, and potassium Irad niinlosulphonate have been prepared. 
F. Ephraim and W. Fltigol ])repared sparingly soluble cN)balt hexamminoniMotri" 
Bulphonate, |Co(NH3)3].N(803)s; cobalt aooopentamminomtrilotrisQlphonate, 
|Uu(Nll3)3(H20)]N(S0g)3 ; cobalt cis-diiritritotetraiimiinomtrilotrisd 
[('d(NH3)4(N 02)21^(803)3; and cobalt trana-dimtritototrammmoiut^ta^ 
Phonate. LCo(IlH3)3(K02)2]lNSU8)3. 


Rsterentes. 

^ n. Sehumann, ZtiU ofiorg. Chm„ 28. 43, 1900 ; E. DiverB, Proe. Chm. Soc., 16. 104, 1900 ; 
A. I’lHiiH, lin„ 4. 504, 1871. 

^ K. Divere and T. Haga, Journ. Chem, 6'oc., 7B. 1008, 1901 ; E. Fremy, Ann, ('him, PJiys., 
15. 408, 1845 ; A. Claus anil S. Koch, Lithiy's Ann., 162. 336, 1869 ; F. KatH^hig, tb., 162. 
•'KKi, 1869 ; A. ('Uus, Ber., 4. 504, 1871 ; A. Fork, Zeit. KrysU, 14. 534, 1888 ; W. Flugel, Jahrb. 

FttkuUal Bern, 4.84, 11)24; F. Kphrujiii aud W. FJiigid, litivehfa Chm. Ada, 7. 724, 1924; 
F. \Wrghmd,JjufidB Vmv. Ada, 12. 12. 1875; 18.4,1870; BuU. 80 c. Uhim., (2), 26. 452, 1876 ; 
(2). 28. 422, 1878; Ber„ 9. 252, 1896, 1876. 


§ 66. Hydronitrilomonoflolphonic Add and its Balts 

The Bulphozotiaed acids reported by E. Fremy in his momoii : Sur i/ne nouvdle 
fffrie d*acides f amis de ozi/gine, de soufre, i'hydrogine, et d'asote, ( 1615 ), cannot all 
be identified ; but A. Claus’ memoir : zur Kenntniss der Schu^dsticistoff- 

iauren ( 1871 ) ; F, Baschig’s Veber das VerhaUen der soJpetrigen zur scJtweJligen Saure 
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( 1887 ) ; and E. Divois and T. Haga’s Identif cation and corutitiUion of Fr 6 my’$ 
Bttlplm(Aized salts of potassium, agree more or Il-iw cloflely with the following : 


E. Frfmy's aclli. 

Acido Biilfazoux, 3SUg NjO, 3H,0 . » 

Acide Bultaziqup, 4Sl)i.N|Uv3H|0 
Acide sullazoliqiie, 5S0sN,0|.3iig0 . 

Acide sulfazibqno, gOa H |0 . 

Acide metanuliRzilique, 480, 2SUa.Na()a.31ItO 
Acide sulfezidiquc, ISO g N gO, 3H aO . 

Aride bulfamnionique, fiSOg N,0^.3Hs0 
Acide niotnlsulfamidique, 4KUg.Sg02.K\0a 311 gO 
Acide fiulfnmirljque, 2SaOg.Kg()g.31i gO 


roasible equfvalrnts. 
llydroxynitriJodiKulphonic acid 
llydrQxyidtrilodilBuliJhomo acid 
N it ril ohy droxynitrilodiHulpli onates 
J'enixyamidot^ulphonic acid 
H 3^1 roxynit rilosulplionic ari d 
I lydruxy'nitnlonioiinHulpliOiiio acid 
Kilrilofaulphonic acid 
(Tranaition form) 

JmidoBuljihonic acid 


A scries of aeida ran he derived from orthonitrous acid by the substitution of 
sulphinic, HSO 2, 01 su1]ilir*nie, HSO'3, radicles in place of the hydrozyl-groups. 
The result with the sulplionic radicles is : 


HO— K< 


on 

OK 


Orlhunitroiih acid. 


HiSOa— X 


.oil 

'"OH 


IIQ-N< 


lIRO 

IISO 




n\\lrn\\ nlfrllo- Uy ilrownll riliuli; ul* 

niiiiirisul|)lii)iii(‘ acid. jilioiiit and. 


IISO, 



KflrllDtriBnlplioiik acid. 


E. Divers niul T. Knjja 2 obtained no evidence of the existence of the second inemlier 
of tliis scries: and it was therefore that the series is better reganleil 

as biiiip derived fiom hvdroxylamine by the substitution of siilphonic radicles in 
place of hydro^'en, thus : 


H3 dTo\3 laniiii 




} 1 S(), 

H 


HO- 3 f< 


HSO, 

USO, 


(HS03)0-N< 


IISO, 

HSO, 


ilro\\ uiUilotiiuiui- U}ilnixynltrniiiIi>.uI|ili»nlB Uy ilrox] iiMrilultIaul|i|j>iuic 
»iU|>li(iiiu xciil luiri. uiit. 


In the rase of these mono- and disulphouic acids, isomeric forms arc possible. 


(HS 03 ) 0 .N<“ MO-K<y^JJ> 

llvdriixMiitnlO' lT>ilrri>Miit]ilr>‘iMj- H\ilri>\Miitiili>iIi 
luoncMiljilinnic odd nirjiu>bUl]ihoii]( and. iiuljdiiiijir acid 

According to F. Ruschig, the hydrozyuitrilo-iso-moiiosulphonic add appr^ui^ 
as a transient interniediate stage in tlie hydrolysis of the iso-fonns uF the disuljilu)- 
nates (f.r.). It diHers from the ordinary form of the monosulplionateH in possesMiig 
oxidizing ]»ropertiefi — e.g. it liberates iodine from potassium iodide. He therefore 
considers thisacid as tlieamide of Caro’s acid, amidopeiSuIpbonicaddBNllo.O.llSO,]. 
The flihulphonic forms will bo cjmsiderccl in the next section. 

The other acid, hydiozynitiilomonosiilphonic add, IIO.XII IISO3, was called 
aindf sulfaiidtqw by E Fiemy,^ and ISulfhydroxylaiPummrv by A. Claus. It is not 
known in the solid stale ; the aq. soln. aie fairly stable. E. Fri'iny, and A. Clau-. 
obtained the soln. by dcrompuHiug the barium salt wilh dil. sulphuric acid. 
F. Raschig re]irosen1f‘cl the reaction between sodium nitrite and hydrosulphilc : 
NaN02+KaHS034 S0^=-110.N(NaS03)2, and when a soln. of the alkali hydroxy- 
mtnlodisulphoiiate is br)ile(l it decomposes into alkali sulphate and the mono 
Bulphonic acid : H0.K(NaS03)2+Hsj0=IfaHS044 HO.NH.llBOs. The former ran 
bo prciijiilated by alcohol, and flic evaporation of the fdtrate gives a syrupy liqunl 
containing the inijuire moiiosulphonic acid. F. Sommer and II. G. Tcmjdin obtaineil 
the acid of n high degree of jiunty by the action of chloroauljihonic acid on hydroxyl- 
amine IjydrnthlonrJf at the ordinary temp. It separates from a mixture ol ctluT 
and methyl alcohol in the form ol a microcrystalline powder, liberates iodine from 
potassium iodide, and is hydrolyzed in acid soln. to hydroxylaminc. A soln. uf 
the acid is also obtained by gently warming hydroxylaminc sulpliatc with fumin|J 
sulphuric acid. Ihc acid can bo purified by dissolving it in cold, dry mctlijl 
alcohol and precipitating it with dry chloroform. The hydrolysis of the aq. boIil 


lI^UrnAuillrlln Kn- 
dlhul|ihi)iiir and. 
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of the acid into hydrozylamine and sulphuric acid is accelerated by dil. hydroohlorio 
0,rid, and hy heat* 2(HO)NU(HB03)-^2H20=Il2B04-f’2NH201I.Il2S04j the change 
18 rompleted after many hums’ boiling a cone. aq. soln.i bui> in the presence of hydro- 
cLloric acid, at 130 °, the reaction occupies about an hour. A. Claus, and F. Raschig 
found the hydrolysis is very rapid in alkaline snln. : UO.NH.KSO3+KOII 
K2S04+N^0H. Consequently, many of the reactions of the acid are those of 
livdioxylamine — e.g. decoloration with potassium pomianganatc, evolution of 
nitrous oxide with sodium nitrite, etc. E. Divers and T. Haga said that in an 
alkaline soln., the hydrolysis yields a hyponitrito, not hydroxylamine. For other 
])rr)])ertipB, vide infra in connection with the salts. A. Angeli showed that with 
iilileliydes, the acid splits into the sulphurous acid and the radicle NOll which 
iriiTiirdiately combines with the aldehyde to form R.COH : NOH. He therefore 
lO'iMdcrs hydroxynitrilomonoBulphonic acid to be related with nitrohydroxylamine, 
NOll : NO(OH), and he writes the formula HO.N ; 80 ( 0 H) 2 . F. Sommer and co- 
vorkers found that hydroxynitritomonosulphonic acid reacts with alcohols to form 
roni]H)unds of the tyije 1l0.S02.0H,NU20IT. Aldehydes and ketones in alkaline 
solji. react to form salts of oxime acids, e.g, CR1R2 : NO.SO3.OK. On boiling with 
alkali, tlie acid is decomposed aceording to the equation 3 NH 20 . 802 . 0 n+ 6 K 0 Il 
- 3 KmS 04-| 6H2O-I-NIT34 N2. The salts are very unstable and liable to explode. 
]\Iany of the reactions of the arid suggest that It possesses the alternative structural 
formula IlN : 0 « 80 ( 011 ) 2 . On boiling aq. soln. of the acid with a considerable 
[\ce.ss of ammonia, 50 per cent, yields of hydrazine are obtained. Amino-com- 
[jouiuls yield the corres|)onding hydrazine derivatives. Alkaline soln. of ethylene- 
ili.iniine react to fnim a-hydrtiZino-^-amhineihanc, which furnishes a number of 
hulls. Ueiizylidcne-hydrazino-jS-aminoethane was also obtained. 

According to A. P. BaliantVlT, ammoniam hydroxynitrilomonosidphoiiate, 
IU).N1I.NH4803, is obtained by boiling a sob. of the potassium salt for a few 
iiiiiiiitcs, and adding barium hydroxide to the filtered liquid whereby barium 
111 c 1 rox}iutrilumoiiosul])honate is precipitated. This salt is decomposed with 
HiritnoTiium Bu]]ihate. The crystals decompose on keeping. The salt is isomeric 
willi hydroxylaniine amidosuliihonatc, NH3OII.NH2.SO3, and with hydrazine 
Milpliatis N2H4 H2SO4. E. Fn^niy madi> potassium hydroxynitfilomonosnlphonate, 
110 NII.KSba, ^hieh he call'd sulfazidate de potme, along with potassium hydro- 
hiiljiliate by boiling a soln. of the corrcs])ondiag disulphonaio in water, or allow- 
ing the soln. to stand for some time. 

The Bi}. Rolri. of jiotnatiiuni h^iliox>iiilii1odiRulphonato is boiloil for some luinutes, 
nouliuli^cd 'viith nminonia, treated \Mth barium uhloride, and filtered. Tho cloar liquor 
I'* tronttid \vilh baryla-wator 'vihen iNinuin hydioxyiiitrilnmonotiiilphonato is precipitated. 
'Ills product IB iroated inilh dil. sulphuric a< id, and tlie aq huIq. of tlio acid noutrulizod 
imtaasium hydroxide, and tlie soln, ovaporatnd for er^Btallization. 

The hexagonal plates so obtained liave a neutral reaction. They decompose 
'ilicn healed, forming oxygen, ammonia, and ])otas 5 min hydiosulphate, and the 
^aine products were reported liy E. Freniy to be formed when the salt is boiled 
with alkali-lye, while, according to A. Claiis, one- third to onc-half the nitrogen 
IS thus given off as ammonia, and the remiiiniliT as nitrous oxide. A. Claus 
f-uid that the aq. soln. mixed with a cold soln. of potassium hydroxide has the 
cliaraclfristirs of a soln. of liydroxylamiue, but E. Divers and T. Haga 
^luwed that a sulphite and hviKmitrite, not hydroxylamine, are produced: 
I10.NH.KS03+2K011=:KO.NK.‘KR03+2H20, followed by 2 (K 0 .KK.KS 0 s) 
=“ K2N2O24 2K28OB. Ammonia is not formed, and very little sulphate or nitrogen 
fippears. If the aq. soln. of the salt be evaporated with sodium carbonate, carbon 
dioxide is evolved, and sodium hyponitrito is formed. According to A. Claus, dd. 
a<*i(l 8 or water decomposed the salt with prolonged boiling, the action is slow because 
Jhe E»alt Can be crystallized from boiling water, or by evaporating the aq. soln. 
Jhe products of the dccompositiou by dil. acids are ammonia, sulphuric acid, 
Oifvpcn, and nitrous oxide. B. Divers aud T. Haga said that the oq. soln. reduces 
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Balts of bStst and gold, while with copper salta, the decomposition can he sym- 
boliaed : 2(H0.NH.KB08)4-2Cu0+2K0H= K2SO8+K2RO4+OUSO 3Ha() 

E. Fr^mj Raid that the warm aq. soln. reacta with manganese dioxide giving oil 
oxygen. The salt is not aoluble in alcohol. According to F. Jlaschig, the ball is 
oxidized by iodine: 2(HO.NH.KSOs)^ 212 H Il2()-N20+411I+2K[IS04. Thi* 
primary product of the oxidation in alkaline soln. is to form the residue, 
(0H),N.KB03, which, by condensation, forms KB03.N(0H).N(0H).KS03, a prodiiil 
which loses water, forming oxydiazodisulphonate : 


0 < 


N-KBOj 

N-KSOs 


This is unstable and yields half its Bulphur as sulphite and llie remainder as <1 
dinitrosulphonate, E2N2O2.SO3. 

E. Fremy, and E. Divers and T. Ilaga prepared sodium hydrQXynitrilomono- 
salpbonatB as a clear, gummy, viscid, neutral liquid, which did not solidify 01 
any signs of crystaUization. E. Fremy reporU^d dibariom bydroxyxuWomono- 
snlphate^ as sulfazidaie de baryte, and A. Claus ns ^nlfhydroxifhmivisaures Barytim 
The mode of preparation, used by E. Fremy, aud by £. Divers and T. TIagn, 1 
mdicated above in connection with the ammonium and potassium salts. The white 
crystallme precipitate is sparingly soluble in water ; aud the soln. has nn ulkaliiK 
reaction. It is soluble in hydrochloric acid, and when heated, it detonates with fin 
production of ammonia and oxygon, li Divers and T. Haufa also marlr^ barium 
bydioxynitrilomouosalphoiiate, ([10.Nll.!S03)2Ba H2O, by ndding to the dibiininn 
salt as much sulphuric acid as is necessary to precipitate half the barium as banui 1 
sulphate, and evaporating the neutral filtrate over cone, siilphiiric acid. 'Jli 
crystals are tabular and prismatic and very soluble in water ; they deeom])ose mi 
keeping ; and when heated to 100 °, decompose suddenly into ga.ses and bLinuiii 
sulphate. W. Fliigel prepared cobalt hexamminodihydroiymtraomoncxwriplmiiate, 
[Co(NH8)3]{(HO)2N(BOa)}2, freely soluble in water. 


RErz1lE^^BS, 

' E. Fn^my, Ann, Chim, Phys,, (3), 16. 40S, 1846; E. Divers and T. ITaga, Jomn, f h 
Soc,,TI. 440, 1900; F. Rasebg, Lizhig^tt 241. J6I, IbS?, A. I'linis, ib., 158 
1871 ; Jkr,, 4. 607, 1871 ; W. Flugd. Johuh. Phil FakiUtaL Btm, 4. 84, 1924. 

■ F. Rwhiff, Ber,, SB. 246, 1006; Sdtwjd^ vnd iittcl toff^udien, Leiprig, 13 J, J'L'l 
E. Divers and T. Haga, Joum, Chem. Soc., 77. 437, IIKK). 

* E. Divers and T. Haga, Joum, Chm, Soe,, 65, 7CG, 1S89 ; £. Fn my, Ann, ('him. 7V n 
(3), 16. 446, 1845; A. Claus, Liehtg's Ann,, 158. 85, 1871 ; F. Kasdiig, ih„ 241. 18.7, |s^7 
Schwffd- uni SUukdoffiudien, Ijdpzlg, 164, 1924; A. Angeli, Atti Atrad, Lincri, (.7), 10 i> 
158, 1901 ; A. P. 8ahw£eff, Zeii. anorg. Chm,, 17. 480, 1808 , F. SSommer, 0. F. Schulz ami 
M. Naasau, (b., 147. 142. 1925 ; F. Sommer and H. G. Temphn, Bcr., 47. 1221, 1914 ; W. Mi> > I. 
Jahrb, Pkil, FahUUU, Ben^ 4> 84, 1924; F, Ephraim and W, Flugfjl, lltixilua Vhtm A f, 
7. 724, 1024. 


§ 67. Nitrflohydroiyduulphoiuc Add and its Salts 

As indicated in the preceding section, there are two ibomenc forms of 
acids : 

HO-N<JyQ| (ILSOo)0-N<J[‘^^» 

Normal add, Iso-aelii. 

F. Rucliigi prepared Balts of vliat lie called hydnxylaminodiimlphonic 
and £. Divers and T. Haga salts of what they caUed ozmxdotulphoMO aeid, wluch i'' 
here regaided as a nitnlosulphonic acid with one sulphonic radicle replaced by 
hydronl-gfonp. It is hence called nitrilnhy dww yiMinlpliwiiift iiW, or bydiozy 
nitrilouralphffloic add, N(0H)(HS03)2. £. Divers, and W. 0 . Keynolds m d 
W. H. Taylor ahowed that the add is formed as an intermediate stage in the reaetioe 
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between nitrous and sulphurous acids because^ working at 0“, if one mol. propor- 
tion ol the former is mixed with two of the latter the reaction : HNO2+2H2SO3 
HoO ^(H0)N(HR03)2 i takes place, and if the product neutralized and ooncen- 
iratedi alkali hydroxynitrilodisulphouatc is furinrd. On the other hand, the 
jirorluct of the interaction of the two acids furnishes nitrous oxide if mixed with 
aii'.ther mol of nitrous acid: (H0)N(HS03)2+HN02=N20+2H2S04--wae 
nil rosy! sulphonio acid. The oxidation products of hydroxynitrilosulphonic acid in 
iini and alkaline soln. are the same : 2(H0)N(HS03)2+O=2N0+2H2S04+H2O, 
but in alkaline soln. the nitric oxide combines with the sulphite to form alkali hypo- 
mtniOHulphalo— w’de infra. Hydroxynitrilodisulphoiiic acid itself has not been 
isolated, but numerous salts have been reported. In ihi' so-called neutral salts, only 
tJio bydn>geu atoms of the hydroxyl group of the acid radicle arc replaced by a 
metal, M', forming the series U0.N(MS()3)2 ; and in the su-called basic salts all the 
li N drogen atoms are displaced by the mrtal, forming MO.N (11803)2. There are also 

I ^ niiplex salts formed by the union of the basic and neutral salts. This makes the 

sii bjee 1 somewhat complex. Thu most im]Kiitant memoir on the suLj ect is E. Divers 
.Hid T. Ilaga’s OdmidosuJpJumates or Sidphazotates. E. Frcmy descnbevl a number 
ii\ ilii'se salts, and the subject was also examined by A. Claus. F. Kascliig said 
tli.it h\druxymtrilodiHulphuuir acid in a cold acid soln. yields the moiiusulphonic 
.uiil , and when the alkali salt is oxidized with a dil. soln. of ix^rniaiiganate, what 
III (.ilJed sulpluizahnatr^ 0 : N : (NaS03)2, is formed, and this, when hydro- 

]^/ul with polassium hydroxide furnishes the di- and tn-sulphonates ; 
1 N ( i(KS()j) 2 f KOH =KN02-f 2N0(KS03)3+H0.K(K80j)2. F. Raschig said that 
pota^iurniso-hydroxsmitrilodisnlphonate, NH(K803).0.KS03, is produced by the 
]nilrii]}Ms of the cuiresjionding trisulphonate with a weak acid. In the 
yu SI lire f>f hyiliochloric acid, the KSOa-group attached to the nitrogen atom may be 
fiiiiiinated to form i>o-hydroxyuitrilomonosulphonic acid, NiJ2.U.TISU3. The 

II .u iiLiii oi the tso-disuljihonatc with hypochlorite is represented : K803.NH.0.KS03 
l-liNaOd I ll2^"IJN03+*2KII804H-3NaCl ; and with permanganate soln., the 

/su inoiiosidphunate is formed, tlien NO.IISO4, and finally nitrous oxide and 

hiiljili.ile. 

1 ^ Divers and T. Haga prepared triammoniam hydroxynitrilodisnlphonate. 
Ml |0 N(N 1)4803)2, by shaking the basic lead salt with a soln. of ammonium hydro- 
lailiiiiidle, or the barium salt with a soln. of normal ammoniuni carbonate. Thi* 
^dt (imid not be isolated, because, when the clodT soln. is cone, by evaporation 111 
uii, it decomposes with the evolution of ammonia. If the soln. be mixed with 

I oiu ammonia, and evaporated in an atm. of ammonia over potissiuni hydroxide, 
piisiii.ilie crystals form as a crust near the walls of the containing vessel. They 
fc'iowlj ellloresco in dry air. The analytical results were not satisfactory; it is 

a complex salt — pcntaminoniwn hydroTi/lnsnitrilodMdpliomte — or solid 
H In i)l a null each of IIO.NlSOsNHJa and NU40.N(803NH4)2, If the ar]. soln. of 
llic tiiuinmonium salt be evaporated to a small volume keeping the soln, alkaline 
hy adding a drop of ammonia from time to time, and finishing the evaporation 
Mpjilly over sulphuric acid, prismatic crystals of diammoninm hydroxynitrilodi- 
sulphonate, 110.N(NH4S03)2, arc formed. All throe ammomum salts are decom- 
pnsrd when heated with the formation of ammonium hydrosnJphate. 

F. Ilaschig prepared tiipot&ssiuin hydzoxynitrilodisulphoiiate. K0.N(KS03)2. 

II d), which he called basic poiassium sulphazoiaie, by rapidly cooling a hot aq. 
snlii of the dipotassium salt and adding a cold soln. of potassium hydroxide until 
tlie liquid begins to appear turbid ; or adding an excess of poUssium hydroxide to a 

Kohl, of the pontapotassium salt, and then adding alcohol. E. Dlvors and 
I Haga obtainod the salt in an analogous way — ^the precipitate obtained with 

ohol was the dihydiated salt. F. Uaschig assumed that the salt is bimoleculac 
and has the constitution : 

2 X 


Vox,, vuj, 
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It forms npodlo-Iikr crystals, or a crystalline powilcr ; when recrystallized from 
water, it forms the dipotassium salt. It decomposes when heated with explosive 
violence. It is freely soluble in Gold water, and reacts towarvls salts of the heavy 
metals like free alkali, forminf^ at the same time a soln. of the dipotassium salt, 
£. Divers and T. Haga reported a complex salt with potassium Tiitrite^tripotuaiam 
rntritohydroxymtcaoduolpho^ 2(E0)N(KSa,)2.KN02, with 4 ' 4 H 20 , and 
GUsO. The potassium metasulphazntinate of E. Friimy is supposed by F. Raschi); 
to be the imjmre dipotassium salt, and by E. Divers and T. Haga to Ira a mixture 
of the normal tripotassium salt with the complex of that salt and potassium nitrite. 

E. Fn'uiy described what he called suJfnzolaic de potasse basiqw ; A. ClaiiH, 
polas^ium suljihmdQlc ; and F. Kascliig, neutral potassium sulphaMate, wliieli 
E. Divers and T. Hnga showed to he pentapotassium hydroiybisnilxilDdisul- 
phonate, H0.N(KS03)2.KU.N(KS03)2.U20. F. Divers and T. Uuga showeil that 
this is only one way of preparing this salt, namely, by dissolving the dipotassium 
salt in a soln. of enough potassium kydroxiile or an eq. salt, and crystallizing 
The dipotassium salt should not be put into cold water, or even into the alkali- 
lyc, and then heated for its dissolution unless the mixture is enntinuinisly 
stirred ; otliorwise, uiulissolvcd salt lying on the bottom of the vessid is liable tn 
liydrnlysis. This method was used by A. Claus, and F. Itascliig. In K. Frenii 's 
proresB, the sail is apparently formed dirc^ct by sulphonating the nitrite, but lu 
reality, the dipntahsiuin salt is first formed, and then eonverted by the alkali-lyi’ 
into the five-sixths salt. E. Fremy said the crystals arc white, rhombic columns; 
A. Claus, rhoiubohedral crystals, which, when raj»idly formed, furnish aggregate^ 
en tr(m}es. They have an alkaline reaction and caustic taste. The rr3''stals werf 
said to lose no water at 120 °, but E. Divers and T. Haga found that water is gi\ rn 
off slowly at this temp., and that the water is restured by exposun* to the atm. 
A. Claus said that the crystab can be preserved for months without cliangi*, but nut 
if any of the dipotassiuiii salt be presimt. £. Freniy showed that the crysi.iU 
become matt at give off red fumes, sulphur dioxide, and ammonium 

sulphite, leaving a residue of potassium sulphite ; thi^ salt decniupoacs slowly win n 
boiled with water; and A. Claus said that it loses pola.ssium when rep^ateJb 
crystallized from water. E. Fremy showed that the salt is not soluble in alcolml 
or ether ; and found that red fumes are evolved when the salt is tn*ated with mtne 
acid, and, added A. Claus, the whole of the sulphur is transformed into sul]klunu 
acid. E, Fremy, and A. (<laus showed that cone, sulphuric acid decomiioses tin' 
sail V ith the evolution of nitric oxide. If the aq. soln. be warmed with silver oxide, 
lead dioxide, or chlorino, it acquires a violet colour, and is transfonned into potassiuiii 
nitroxysulphonate. A. Claus showed that one-third of the nitrugen is given oil 
ammonia when the salt is heated with admixed suda-lime. Almost all salts of the 
metals — excepting those of calcium and struntiuni— give precijiitatcs of ^armble 
composition when their soln, arc treated with this salt. 

F. KascLig riaioiDd to liave made an isomerin form of Diis salt — ^which he ( ulH 
jHiteufSium hydro rylamtiMiiodvmlphoMtt— but K. Diven and T. Ifaga believed Lhut llu' 
alleged isomer was a complex salt of putassiuiii nitrite and tbu dqmtassium salt. F. 
recoinniended the foUowing pruroHS for making ilio potassium salt : sodium hydrosulplnti^ 
soln (SA'-, 12D0 c.c ) is added with continuous stirring in a mixture of ice (1000 gmis ) uni 
commercial sodium nitrito (100 grms.), whereby the temp, is not allowed to rise atsivo 
One e.r-. of the soln , when tested after the Edition has been iiiiisliod for ton mimilun, 
stioiild react with about 17 d . c . of 0*lA^-iodiDe soln, and siiUsequontly require li-io > ^ 
ot O'lA^-sodium hydroxide for neutralization in the presence of methyl-orango. Au} i<'° 
partii'les are removed and the soln. is treated whilst being vigorously slialw with 
dioxide (000 grms). It is subsequently wanm<d on the waier«bath, frequent agilHin'n 
being required to prevent the oxidizing agent from becoming aggregated. The conrliisKi'i 
of the oxidation is reached when 1 c.c. of the soln. neutralises about 0 c.e. of O'lJy-hyilrii- 
chruric acid and subsequently does not react witli more than 1 o.o. of O^lAf-ioclino hola* 
The Boln. is filtered and ilie residue washed with hot water (200 c. o. ). The filtrate is warms'll 
with commorcial potsasium chloride (BOO grms.) until the precipitated lead chloride ionw'i 
coarse particles, which are removed. The filtrate, after remaining for three days ui an 
ice-chest, deposite potaasiiim hydroxylamiiifitrieulphonate (790 gms.) in large mono- 
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gynuDotrio piinu. tt b Altered, dried qzi poroua earthenware, and eubaeqnently over 
c all ium chloride. The Anely-divided, dry salt (423 grms.) ie agitated with boUing water 
(HOC O.C.) containing 1 o.o. of^dil. hydrochbrio acid until ooin. ib complete; the 
Hinount of lead eulphate which eeparatee is removed. The filtrate depoeits potoi- 
Kium hydroxylamineisodisulphonate m oolourlesB ciystals, the yield being about 9 o per 
1 t*nt. of that theoretically possible. £. JDivers anu T. Haga mode three complex salts 
^lih polosaiuni nitrate— pentapotassium nitritohydroxylnitrilodisulphonald— nnmoly, 
2 K.>J(NS|Ot), 7 KNO,. 3 K, 0 ; K,I1(NS,0,).3K,N0,.H,0 ; and 3 K 5 U(N 8 , 0 ,). 7 KN 0 ,. 
K. Divers fdiowod that the mj/oefna/e (U poiaaae of E. Fi4my, and A. iliaua is a mixture of 
iiiu* of these complex salts with the tri- and di-potassium salts ; and the rMtaaulfuzate d$ 
ptitnaHv of E. Vr^my, a mixture of Uie tripotasaium salt and one of the complex salts with 
pntassiuin nitrite* 

Thr sulfazoiale ie potasge neufrs of E. Fr^my, tbe dmdfhydroxyazosaureH Kdiuvn 
of A. HauB, and the potamum tmmidosdphonaJte of E. Divers and T. Haga, is ffipo- 
tassium hydroxyidtrilodual^cni^ H0.N(KS0 b) 2.2H20. E. Frcmy prepared 
this salt by possuig 8iil]>hur dioxide into a soln. of potassium nitrite and hydroxide. 
If the Boln. be too couo., the tri-potassium salt is formed, in that case water is added 
tri dissolve the salts and the current of gas continued. A. Claus alwoys obtained 
some iiilrilosulphonate when using this process, but by keeping the soln. cool 
iluniig (lie passage of the gas, he ubtaiiicd a soln. which gave crystals of the 
il]|mtaHsium salt on standing. F. Kaschig did not obtain good results with this 
|irfK'L'SS. E. Divers and T. Haga speak very liiglily of this mode of preparing 
iinth rite (listHliiim and dipotassium salts. The former salt may be taken as a 
lyp- for both : 

gniiH. of sodium nitrite containing 90 per cent. NaKO| and 100 grms* of sodium 
I aihoiiuto (or 30*8 grms. of sodium hydroxide) are mixed with 150 c.c. of water in a 500 c.c. 
Ha (iJ Hodium hydrctxide is used, 2fK) c.c. of water are iicodod). A piet^e of lacnioul pafter 
N also placed in (he flask. A rapid stream of sulpluir dioxide is paLsed tlirough the sulu. 
Minis the containing flask is agitated, and cooled in a freoziug mixture. In about 
711 iimuiles, the soln. will bo acidic to laemoid paper. Tlio iiiiriloBulplirmate iiJiich is 
proM'iit 18 hydrolyzed into imhlosulphonato and hydlrosulphonate, and to make sure that 
Tli'h I hiiiigo in cniilfilntod, the well-cooled soln. is left in its acidic condition for 10 -J5 minutes. 
The 8iil|)liuT dioxide is removed by a stream of air. A oonc. soln. of sodium I'arbomito is now 
adili d until ttie soln. is alkaline. This preventa the hydrolypis of the UiRodLuin salt 'Ihe 
mill, uiiw contains about 160 gnns. of the disoilium salt, 15 grms. imidobulplioruite, and 
212 grille, of sodiuTn sulphate in about 220 c.c. of water. The filtered soln. is evaporatEul 
I'lthnr ut a goniU* heat in air, or in vacuo over sulphuric acid. When the aoln. weiglis about 
200 gnus., il is cooled in ice, and after some hours it is strained free from iho cTt’stiils of 
sndiiim sulphate, When the soln. ls lurther conr. in vacuo, a crop of crystals of the 
dHCMliuni salt appears, and when grms. has separated, iho soln. moy bo again 

cooled to ciy^etallizo out more sodium sulpliate. Another evaporation gives onollier 
crop uf erj^HtaJH of the disodium salt. Thn salt may bo rac^f^tallized frjm a sinaU 
ipiaiitily of liot water roiidured alkaline wlUi ammonia. The main roartion is repri^ontod 
haNOj I NB0H+280|«U0.N(NaS0,),. 

F. Easrhig tnixod a mol of potassium nitrite dissolved in as little water as 
[uissible with a well-coolcd soln, of 2 mols of potassium hydro6ul])hite, and added 
a rolrl sat. soln. of about 2 mols of potassium chloride. In 21 lirs., the luieJlc-liko 
crystals of nitrilosulphonatc were separated from the crystalline crust of the uilrilo- 
iliaiiljihonatc by washing. The latter salt can be purified by crystallization from 
^ariii water rondered alkaline by ammonia or potassium hydroxide. A. Claus 
also made the salt by mixing 4 mols of potassium sulphite and ons of potassium 
nitrite. The soln. is filtered from the crystals of nitrilosulphonatc, and iu about 
b)-l2 hrs. it deposits c^stals of dipotassiuni nitrilodisulphonate. Ho also made 
the Haiup salt by cryeiallization from a soln. of potassium nitrosyl sulphonate in 
Warm water. 

The Well-defined, colouiless, prismatic crystals of dipotassium nitrilodisulphonats 
wprt* found by A. Fock to belong to the monocUnic system, and to have the axial 
ratios a:b: c==r6490 ; 1 : 0*9208, and ]8-74®. The crystals, said E. Freniy, are 
houtral and neatly tasteless. A. Claus said that the crystals are stable only when 
lu the presence of free albali ; if treated with water free from alkali, the crystals 
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decomposed in half an hour when confined over sulphuric acid in vacuo. F. Raschig 
also said that the salt decomposes in a few days when confined in an aim. of ammonia, 
forming iiitrilonionosulphonate and sulphate. The hydrolysis occurs very ra])idly 
in acidic soln. The crystals detonate when hoateil rapidly to about 85^ anil when 
slowly healed, water is given off. E. Divers and T. Haga found that when heated 
to 170M80® in moist air, watiT is absorbed and hydrolyzes the salt. When the 
dehydrated crystals are heated above 100^ acid vapours are given off along with 
sulphur dioxides ; the salt melts and forms ammouium and potassium sulphates 
and free sulphuric acid. Cone, nitric acid acts on the crystals, giving oil rod fiime.s 
and transforming the sulphur into sulphuric acid. A. Claus said that when heated 
with soda-lime, one-third of the total nitrogen is given oS as atniiionia. Barium 
salts with warm soln. give a preripitute of barium sulphate ; while lead and silver 
salts give no precipitation. According to K. Divers and T. Ilaga, when boiled 
with a soln. of coftfUT sulphate, a copper salt is fmmi'd which is ])artly oxidized 
and partly reduced, forming nitrous oxide, water, .sulphuric acid, and copper sulphate. 
They also prepared a complex salt with potassium nitrate, dipotakiinm 
mtratohydnnynitrflodisulphoiiate* HO.N(RS03)2.KNO3.H2O; with sodium 
chloride, deospotassiuin octosodium chloiohydroxyiulrilodisalphonate, 
5(H0)N(ES03)2.8NaC1.3if20 ; and with ])otassium nitrite, dipotasmain nitrito- 
bydrmoFiulzUosd U0.N(K8U3)3.KN02 ; they say ib.it F. Kasehig's 

ifulfazhmurc Kalium is the same as the complex salt witli potiissiuLU nitrate ; and 
similarly also with hi.s ImUch dihjftlroxylaminsulfosa\ire KttUiui}, This i.s also Iht* 
case with E. Freiny's stJfazifr de jiotoi^sc. 

E. Divers and T. Haga prepared trisodiom hydroxynitrilodisulphonate, h\ 
adding the ealrulated quantity of sodium hydroxide to a soln. of the disodium sail 
and evaporating for cryhtallizalioii ; or it is precipitated from w rone. h»Iii. of the 
disodimii salt by adding an excess of sodium hydroxide. The rhombic, prismatu' 
crystals l>egin to decompose when heated in air to HM) , owing to the action of 
the absorbed moisture ; if moist air be excluded, tliey ilerompnse at lS2-l8d , 
forming a residue of sodium sulphate and thi().Hulphat4‘, a little f^iiblinisn 
of sulphur and an animimiuni salt, and the gases MiiI]dniT din.'tide fuel 
nitrogen: 2NaO.N(NaS()3)u'-3Naj.SD4+N2 ] SO.>. At 20', J(K) parts of walei 
dissolve 77 parts of tin; salt ; the soln. is strongly acidic, and incliiUMl to .sujmm 
saturation. The soln. reacts towards metal salt soln. like free alkali-lye, and (hi 
disodium salt pa-sses into soln. If a solu. of the dtsodium salt he mixed with soim 
scMlium hydroxide, or the trisodium salt ; or a soln, with tlie iheoretieal proportion*' 
of the component salts be evaporated in a de.')iceuL4ir, prisinatie or tabul.ir erystiib 
of what is jirobably the pentasodium hjpiroxyhmitrihdmlphonafv are formed ; bin 
on filtration the cr}^stals are those of octo^um hydroxytrisnitrUodu 
IfONtNaSOgla 2(Na0)N(NaSt)3)2.3H20. When recrystallized from water, muro 
scopir crystals arc formed without decomposition. At H’', 100 parts ol wiit»’ 
dissolve GG parts of the salt. The aep soln. is ca.sily »upersatiJrat«>J. E. I)isii'> 
and T. Haga also prepared disodium tiydrozymtrilodistt^ HO.N(NaSOd.. 

by the process indicated above. The salt apjMuirs in thick prismatic crystals wdin ii 
can bo rt'crystallized without chemical change from ainmoniacal waU^r. T[.« 
salt is decomposed by the moisture in atm. air, but in dry air it can be lieateil 
slowly to 140^, and rapidly to 171'’, whereby the salt fuses .and deeom[M).ses witli 
inturnesepiice. The n^sidiic consists of sodium liydrosiilphate, and the 
which are formed consist of sulphur dioxide and nitrogen. Vo nitrous filmed u' 
observed ', but some nitrous fumes are given oil when the salt is tireakd wiHi 
sulphuric acid. The salt is soluble in rather more than its own wiMglit of wat< r. 
and the soln. reddens blue litmus. The trisodium salt is formed when tlie a j 
sob. is evaporated with sodium acetate or carbonate. lUO c.c. of a sat. soln. ol 
sodium chloride dissolve 25 grms, of the salt, and from the soln. a complex buH 
is precipitated. It forms complex salts with potassium nitrate, but not with p>A<i - 
slum chloride, or sodium nitrate or sulphate. It also forms a complex salt VrUh 
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Milium nitrite, dlaodiam niMtohijroiyiiittflndiiqljlifln^ HO.N(NaS(^]2.NaNO„ 
which on account of its free solubility was not investigated closely. 


K, Diven and T. Haga proparod a number of oomplexos, potaoliim lodliini liydniiy- 
nltrllodlsulphonatas. There ia nothing to sliow which of the eomplcxea in tho following 
M are ihomiral individuals ; 3K3(N8,0,)-2Naa(XS|0T). 1111,0 ; 0 Kb(NS,O,) Na,(XSaO,). 
iJ,(NS,O,).20HaO ; KBH(Nfl.O,),2Na|lf(NHaO0.4Nii3(NS,Oy).5ff,O ; KNaH(NS,0,). 

; K,.,Na,..(NS,(),).lI,0 ; 6Ka(NS.0,).Na,(NS,O,).Na,II(N.Ot).H,(NS,O,). 

611 0 ; K,.,Na„..Ho ,(XSbO,).0-7211bO ; ; K,(NB 0 ), 

KNaH(NS,<),); 2Ka(N8aO,).NaH,(NBaO,).2HaU ; l^alllNSaO,). 311,0. 


Barium chloride does not give a precipitate with a sola, of tho dipotassium or 
(Immhum salt, but the mixed sola, aro very unstable, and, as shown by A. Claus, 
rapidly hydrolyze, forming the sulphates and hydroxynitrilosulphonate. E. Divers 
aiul T. Haga prepared tribariom hydroxynitrilodisidpluiiiate, Ba3(NS^07)2.4H20 
(anil SlloO), by the action of barium chlondo or hydroxide on an excess of a soln. 
ol 1 lie tnsorlium salt ; the washed precipitate is nearly all dissolved in dil. hydro- 
I'lilorir aeiii until a neutral soln. or one slightly alkaliuo to litmus ii formr^d ; tho 
turbid snln. is rapidly filtered into an excess of warm baryta- water ; and tho 
preeipilate washed with well-boiled hot nr cold waU^r. The voluminous, curdy 
priM'i])itatc generally changes to a chalk-like powder consisting of crystalline 
pnitieles. It is piacticully insoluble in water, but soluble in a sola, of ammonium 
I'liloride. It is dccom])osed in the cold by soln. of ammonium or sodium carbonate. 
If heated dry, it siiililiMily decomposes into barium sulphate and gases; it loses 
ACAter at orcUnary temp., in dry air, nnrl nearly all at 110''. A soln. of barium 
hydioxynitrilodi^phoiiate, l[O.N(Sf y2U.i. can be obtained by adding just enough 
siilpliurio acid to the tribariuni salt, and iilteriug. The sulii. is acid to litmus, 
.ind hyflrolyzea too quirkly to permit the isolation of the suit. A compniiud 
(ll()Jiaj2lINS207, or (110Ba)Ba.N8207, is known only in combinatiou. 


\] 1 livers and T. Jluga prepared n sorioi uf petassium barium hydroxynitrilodbul- 
pbonates; r p. 4KUa(NS,0,) (HOHa)iH(N.SA) »lBt) ; K,H(N8,0,)K,f.\S,0,) ; 

3Hrt(0H)a Kj(NS,0,),3na4(NS,U.) ; KHa(NH,0T).H,0 ; K,(N8,D,).3Ba,(X8, (),),. 

UllaO ; and }f»j(N8,(),),.4h:,ri(NiSj)7l 9H,0 ; as well hh Bnt’l, 2Ba(UU)j.4Ba,(iNH,()7),. 
;!K,(NiS2(),HdFl,0. They also pniuired a sfrirs uf sodium barium hydroxynltrilodl- 
Bulphonates, r ff. 5Nn(NSjr)7) 613aj(NS,t)7),.2ll],0 : Na,(NH,0,) I’BaafNS^Oy),. 711,0 ; 
nrul NajfNSjOyl 3Bttj(NS,0,),. 711,0. 


^^■ithe^ E. Fn'uuy, nor A. Claus ubt«ained a preripitato on ailding an alkali 
Ijvdiuxyiulnlodirtulphonafc l/O a stroiitiuui salt, but E. Divers and T. Jlaga showed 
tlitii tho soln. remains clear for a moment, then forms a voluminous silky 
]>nLipitate; w'hih* with the ammuuium or tiotassiuoi salts, tlio soln. deposits 
nlLy crystals iu a few hours. The potassium Strontium hydroxpiiitrilodisul- 
phonate had the coin]iOHilioii (II0Sr)s(NS207).8SrK(NS207).161l20 ; while the 
sodium strontium hydroxynitrilodisulphonale ami the ammonium strontium 
hydroxynitrilodisulphonate were not analyzed. E. Fr6iny obtained nf^edle-like 
c riblals by tho action of sulphur dioxide on a soln. of calcium iiitrit/C ; they gave off 
ammonia when heated, but were not further examined. According to B, Divers 
Jiid T. Haga, calcium salts give no preoipitai-e with soln. of the alkali hydroxy- 
mtiiloflisulpLonati's, but the hydroxide forms salts by reacting with aininonium 
hyilroxynitrilodiaulphonate, mol for mol. The evaporation of the soln. on the 
bath gives off ammonia and forms a LTysUlline residue, probably ammonium 
calcium hydroxynitrilodisulphonate, Ca(NH4)(NS2D7), or calcium hydroxy- 
nitrilodisulphonate, CaHNS2U7. If this is treated witli water, some nearly insoluble 
ralcium hydroxynitrilodisulphonate is left, but the greater part dissolves as the 
cal(‘iuni ammonium salt. If afl er dissolving 2 mols of ealciuin hydroxide in 2 mols of 

1110 ainincmium salt, a third mol of the softest moist ralcium hydroxide be stirrerl 

1111 it is L'onvert.ed into a voluininuus pn'ripitate, whieli most probably is normal 
calcium hydroxynitrilodunlphonate ; this precipitate is only sparingly soluble 
m Water, and is so free from ammonia as to evolve none when mixed with calcium 
hydroxide, a test, however, which is not quite conclusive. 
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According to E. Divra ud T. Hag&^ the reaotioiiB of the alkali hydiozynitrilo- 
diBulphunatcB with lead salte ate oomplez ; the diaodium and ^potasaiam aalla 
give no precipitates with normal lead acetate, but they do so with soln. of basic 
lead acetate. Trisodium hydroxynitrilodiBulphonate and norioal lead acetate 
give DO precipitate unless the soln. are dil.i but with basic lead acetate there is no 
precipitate unless the lead salt is in excess. The tripobassium salt gives an 
immediate precipitate with normal lead acetate^ but with cone. soln. and basic 
lead acetate the clear soln. deposits a flo^ulent precipitate, which dissolves on 
heating and re-deposits on cooling. If basic lead acetate in excess bo treatefi 
with the trisodium salt, the voluminous flocculent precijutate, when washed and 
dried, is tri^umUipdroiyl bydzoxyiutEiloduid^cmBt^ (Fb011)3NK207.3M20. 
The reaction is symbolized Na3(NS207)+3(Pb0H)C2H302=^(Pb0H)g(N8jiU7) 
+3NaCsll302 ; the same salt is formed by adding the disodium salt to an excels 
of highly basic lead acetate, Na2H(N^O7)+Pb9(0II)4(t2H3O2)2=?2Na0nH302 
+H2O4 (Pb0Il)3(NS207). The salt decomposes when heated to a moderate temp. * 
(Pb0H)3(NS207)=n6.PbN02+2PbS034H20; and tho residue, when heated still 
more, gives ofi red fumes ; and if moistened with hydrochloric or sulphiinr! 
acid, evolves sulphur dioxide The salt is insoluble in acetic and other aeirl^, 
and in soln. of ammonium chloride or other ammonium salts, and sodium hydroxide 
It is immediately and completely dissolved by cold soln. of sodium, pota.iMuni 
or ammonium hydrocarbonale. When the salt is stirreil with enough buIpliurK 
acid to deprive it of two-thirds of its lead, tho slightly arid mother-liquid, on 
evaporation in a desiccator, gives a crust of minute crystals which, under the iiiit ro- 
scope, appear as transparent prisms. The salt was not analj’^zcd, but uas tli'm^ln 
to be lead hydroxynitiflodii^phoDat^ PbHiNS^O;). If basic lead acetate 
added to a slight exce^ of the dipoiassium salt, diplumbhydiDxyl hydroxynitrilo- 
disolphonate, (PbUIl)»H(NS207).il20, is formed as a voluminous llocculent p < 
cipitate, K2H(N8207)4-2(rb0H)C2H30n=. 2Riyi3t)2+(Ph()n)2H{NS207). 

A cuiuplex Balt uith lead acetate was also pitqiart^ viz., tetraplumbbydlroxyl acetobis 
hydroxynltrUodlsulptaonate, (rbC'sII,0,)(rb011)|ll(Nfci40;i| l{il| 0 ; and n couplo ot pou^ 
dam lead hydroiyiUtrilosulphonates: (PbOIiyVfUstNS.u,).; and (PbUH)PbK,LNhji . 
A salt simiJnr to tho latter was reported by F. Freiiiy. K. and T. aiso 

re^Kirtcd sodium lead hydroiynitiilosulplioiiate, (FbU[i),Na|H(NS,0,^4 lMI,o , uni 
ammonium lead taydroxynlirllceulpbonate, (FbUll)Mi4(NK|(),) The diBuiiium ;iril 
dipotasHiiun hydmxy-load salts cannot be prejiarod in a Buiular viay, but a i^olu 01 
either of these salts or of tho diaminonium ^t, along with acf^tale, seems to iH'Dhtiiiin d 
on mixing enne soln coutaiiung liObic load arotate and tho tii'»odiutn, tn|>«>l4iHhiii; 1, 
or tnanuiionium saltci ui mol. proportiuD The soln dni*s up to a vilrooiis inasn, mil 1 
btiie cr}’stalhne matter, and is precipitate<l on dilution with water. 

T. Haga - discovered sails of bydioxyoitrUo-iao-disulphoi^ acid, 
HSO3O iNII.HROg, whirh F. Rasebig called Ujfdroxylamin’-iso-dwulfoMUHit, arid 
T. Haga, hydroxylamin-aP’diiulphonic acid. The acid is dibasic, ami loniis a seri< '> 
of salts, the liydroxyiutrQo-too-di^ IJnhke the hydroxyhutnlodMi) 

phnnates, T. Haga showed that (1) the iso-salts furnish the sulphate and the aim l*i- 
Bulphunate : Il20+2Na+(NaS03)0,NH.NaS03 - Na2S04+Na0II+(NH2)S().,Na, 
while the ordinary salt is unaffected ; (ii) while the ordinary aalt reverts to nilriu* 
and Bulpliite when it is left, even in the cold, in a cone. soln. of potassium hydroxulo : 
HO.N(KS03)24“3KOH^KN02+2H20+2K2S03, the iso-salti is incompleli*ly 
decomposed into sulphate, amidosulphonatc, and nitrogen after many lioiu ' 
digwtion at 100 ^- 125 ": 3{(K803)0.NH.KS03}+6K0H..5K2S04+Naf3nd) 

-f NH2.KSO3 ; and (iii) the aq. soln. of the iso-salt is not coloured bluish-violet w)t> a 
treated with Icarl dioxide, or silver oxide, whereas the aq. soln. of the ordinary 
gives a coloration. F. Raschig also showed that (iv) the iso-salt is not hydroiy/»*fl 
so readily as the ordinary salt ; and (v) whilst the potassium iso-salt separaTt ^i 
from hot acidified soln. m anhydrous crystals, those of the ordinary salt aic 
dihydratod. 

T. Ilaga prepared 
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NH4S0a0,NH*NH4B0ft, by crj^talliring ammomum hydroxynitrilotrisulphoiiatft 
from its ^ ^ water, acidifiod with a drop of Bulphuric acid, 

q'he trisnlphonate is hydrolyzed into a sulphate and the iso-sulphonate : 
2 {(NIl 4 S 03 ) 0 .E(NH 4 S 03 ) 2 } + 2 H 2 O =2{(Nn4S03)0.NH.NH4S03} + 2 NH 4 (HS 04 ), 
The hydrosulphate is eliminated by adding jubt enough baryta-water, filtering, and 
i>vaporating, at first at a gentle heat unfl then in the cold, over suljjhuric acid 
under reduced press. It occurs as small, thick plates, which arc somewhat hard^ 
iiiul as noilules composed of minute, tabular crystals. It is very soluble salt, tliree 
jiartrt dissolving normally in just two parts of water at 18 ®, but it is very apt to form 
hU])eTbaturatcd sobi. It is a more stable salt than the ordinary salt. Its crystals are 
j)rol»abIy anhydrous, but those analyzed showed the presence oI 0 ' 25 HjiO per mol. 

T. Haga precipitated tripotassiiim hydroigrmMo-iso-disulphoiuite, 
(kS(i3)().NK(KS(y.2ll20, as an oily liquid by adding alcohol to a cone, hut aq. 
ht>lii of the disulphonate and the raleulatcd quantity of potassium hydroxide. 
'I he f)ily liquid slowly forms masses of microscopic tabular crystals. The salt 
IV. very solulde iu water ; its solu. is not precipitated by barium chloride, and it thus 
(lillers from a solu. of the ordiiuiry salt. It has a caustic taste; and the salt 
r'\f)ln(h>^ when heated. T. Haga, and F. lla<^ehig observed that dipotaSsium 
hydrozyiutrflo*iso-4isalphoiiat6, (KS<)3)0.N]{.KR03, is obtained by the hydrolysis 
(,i Ihe aq. suln. of potASsium hydroxynitrilosulphonalc, as in the case of the diam- 
ijiiuiiuiii salt just described. The hydrolysis oct iipies ui>nut four days. The iuoud- 
I linu' prismatic rrystals may appear as thick prisms, thin pIutos>, or slender needles. 
'I lu* suit IS not dimor])hous. Tlie iso salt is about twice as soluble in water as the 
Diduury salt; thus, Vi) parts of water at dissolve 6 ‘il parts of salt; at 
\rh , 17-18 jiarts , and at 2 (r, 8 ‘t)j parts. The soln. is neutral to litmus, inethyl- 
and phenolphtlialeiii. F, Haschig said that the .salt is stable at l(iO ; 
,nid iin e.vccss of hydrorliloric acid hydrolyzes Ihe alkali Lsr» salt into sulphuno 
KMbimlliydruxyhnuiue: (NaSQa)O.Nir(XaS();j) |“ 2 IL()- NHjtlll.lI.j.St)| f XajjSOi, 
Willi the pos.sible iiitnrmcdiato formation of uto-monosulphomr ac^d, T. Haga ])re- 
pared tri^om hydroxymtrilo-1^^ (NaS03)0.XXa(XaS(^)o.2Ho0, 

the same method as that u.sed for the tripotussium salt. The mol. magintiuleH 
•jf the anhvdroua ordinary and iso-'«aIts are related a.s IVVI, and T. Hag.i 

pr0]iarcd disodium hydioxymtiUo-iso-disalphoiiate, (NuSO,dO.XIl(NnSO,,). vliu h, 

like the ordinary salt, is anhydrous. Thus, a .soln. of sodium hxdroxvuitrilotn- 
.suI{ilioiiate in five times its weight of water and ucidiFiod writli dil sulplnine acid, 
will be { ompletely hydrolyzed in two or three days at tlie ordinary temp. ; the soln. is 
then to be neutralized with sodium carbonate; and on evpi»‘^ure for a night in the 
lie L'haniher, almost all the sodium siiljdiate will crystallize out, iind the moilier- 
liquoT ean be evaporated to ohUin the required ^alt. Like the ordinary iso-salt, it 
forms hard masses firmly adhering to the sides of the ve.ssel. Tlicse ina-sses are 
stellar or w’arty groups of microJH'Opic, thick, rhomliio plates. The salt is exceed- 
ingly soluble in water, from which it can be nearly all precipitated by ahohol. 
The liyilrolysiB of the salt at flo® is represented by j{(NaS()j)().NlI(XBSOj)} 
f.ill2O.-.N2+NH4(HS04)+4Nn(HS04)4Xa2HU4. 

T. llaga did not obtain barium hydro^rnitrilo-uo-disulphonate in a state 
''iiiti'd for a satisfactory determination of the nature of the salt. The evaporation 
of a soln. of the ammonium salt with excess of barium hydroxide iu a vacuum over 
sulphuric acid to a small volume removed all aniiuoiiia. After removal of the 
uress of barium hydroxide liy carbon dioxide, the filtered soln. was further 
evaporated in the desiccator. First a viscid aud then a bulky, friable, porous mass, 
devoid of crystalline character, were obtained. The latter was not quantitatively 
nudlyzod, but it yielded, when hydrolyzed, huniim sulphate and hyJroxylamino 
Bulphatc in crystals, which were further identified by a very satisfactory arid 
determination. The product was therefore undoubtedly a barium iso-salt. By 
Ill'll ug less barium hydroxide, crystallized ammoniuni buriom h3rdroxynitTilo« 
w-dtaalphimate, ({{(NHiBOjlO.NmNIUSDa)} lJaiS03)3()NH, was formed. 
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W. Fliigel prepared the following eporingly soluble salts ; oobllt nitritopMlfauil* 
minohydiwyidtriloiliwdphfliMriB, [C!o(NH,)s(N02) IHO-NiSO^Ig ; eobiU iao-niMto* 
pentamminijiydianyiutrilodtoiilphona^ [Co(NHs)g(NO:)JHO.N(BQi) 2 ; oobalt 
iM>dieniiiiiiiiiobydtasyidtEflodi8aiphoa^ [Co(NQg)alHO.N : (S0j,)2 ; oobalt iao< 
iditorojmihinminohidroKyidtiflodisdph^ [Co(Ni]s)gCl |IIO.N : (SOg)^ ; oobalt< 
da - Modiiutrotottamminoliydwiiyidttflodiwilplicmat^ 

N ; (SQb )2 ; and oobilt tEaiis^too4iiuititotetraiiiiiiinobpdEoipiutrilod^^ 
[Co(NH,)g(NOj)i]gHO.N.(SOg),. 
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§ 68. Nitrilotrisnlphonic Acid and its Salts 

Among the sulphazotized salin discovered by K. Freiiiy,^ tlirre are two wliiih 
result from the oxidation of one of the poiassium hydroxynitnlodisulphonuli" 
in aq. soln. of either silver oxide or lead dioxide. One of these is the unslaMi’ 
Balt, which cryalallizes from the violet-blue aq. soln. in golrlen }elIow needles, 
which he railed i^ulphaziie depolasse ; and the other, which he called mctasulpkazthh 
de poia^sr, crystallizes in colourless rhombic prisms which are so well defined that 
he said : Jr considirr cc sel comme k plus bfrtM dc tous Irs si h sulfaznics. IJ. Frcinv a 
analysis of the mpta<^u]phazilate was correct, HsO^NoSgKg, which F, JtiiscLn' 
regards as being oonstituted : 

(KSO,),N<q>N(KSO,),.211,0 

A. Claus called this salt frisulphoiifazoatcj and represented it by Hie formula 
0 : N(K803)3.H20. In both formul/', the nitrogen js consnlercd to bo quiiique 
valent. A. Hnntzsch and W. Semple rejected V. Jiaschig's formula, and adopti d 
that of A. Claus. F. Raschig doubled the empirical formula bora use the salt is 
not formed by the oxidation of potassium niiritotriHulphonato, but A. llantzscli 
and W. Semple said that this argument has little weight when it is known 
that the oxidation of the tertiary ammouium derivatives docs not yield amine 
oxides, ONR3. The determination of the mol. wt. of the potassium sat. bv 
cryoBCopic and electrical conductivity methods is unsatisfactory. The mono- 
molecular formula is preferred by analogy with dibenzyl nitrilotrisulphunatc, 
(CoTl5S()3)O.N(CoH5SO^)2- T. Haga’s oryoscopic observations agree with the 
simple formula, although the hemihydrated character of the ammonium and polas 
slum salts suggests the doubled formula. T. Haga argued that the metasulphazilat c 
is a triacylated hydroxylamine, (£808)2 = N.OtKSOs), in which the mtrogen ih 
tervalent. All other compound of this type appear to have a more complex 
constitution— e.<7., W. Lossen’s formula for dibenzhydroxemic acid. This view 
is in agreement with the scheme in which the metasulphazilatcs are considered 
tobcnitailotrisnlphoiiate8,(K803)(ON)(ESO^)2. The free acid -lutriloMaalphoiiic 
add, (11803)(ON)(1I803)2'— has not been isolated. A. Claus, and E. Fremy found 
that when the potassium salt is treated with hydrofluosilicio aidd, the free acid m 
formed as potassium fluosilicate is precipifiated, but the acid immedialcly 
decomposes into sulphuric acid, ammonia, and nitrogen. According to T. Hngs, 
when the soln. of a salt is acidified, it forms hydioxynilrilo-iso-disulphouate (j.v.) » 
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flulphitoft have no action on tho salts ; and sodium amalgam, or a warm coppar-zino 
couploj reduces the acid to imidosulphonic acid; (HS 0 a)O.N(HS 03 ) 2 +H 2 =H 2 SO 4 
-f-NHlHSOj)*. 

T. Haga prepared Ammonium idiribt^ (NH 4 S 0 a)( 0 N)(NH 4 S 08 ) 2 . 
iHaO, bj digesting the basic lead salt with ammonium carbonate, evaporating 
the soln. on a water-bath until it has almost lost its alkalinity, and concentrating 
it under reduced press, over solid potassium hydroxide. The thick, rhombic plates 
ajid prisms are probably isomorphous with those of the potassium salt. The salt is 
neutral to litmus and methyl-orange, and closely resembles the potassium salt in its 
properties. It is very soluble, 100 parts of water dissolving nearly 164 parts of 
s,ilt. £. Fremy, A. Claus, F. Raachig, and T. Haga prepared potattium nitrUotci- 
sulphonatOy (KS 03 ) 0 .N(NIf 4 S 03 ) 2 .iH 20 , by gently boiling the somewhat alkaline 
of potassium hydroxynitrilodisulphonate with silver oxide or lead dioxide 
iniLil the violet suln. just loses its colour. The evaporation of the filtered soln. 
luriii.'^lies erysials of the suit. The main reaction is; 2 PbU 2 -|- 3 {UO.N(KS 03 ) 2 } 
\ KDll 2Pb(0H)24“KNOa+2{(KSO3)(ON)(K8Qa)2}, ateugwith a little sulphate, 
ciniiilrisulphonate, nitrogen, and nitrous oxide. Yields as high as 87'S per cent. 
h,i\p been obtained. F. Raschig also obtained the salt by allowing the yellow 
prrnitroHyldisulphunate to staud for some days in contact with water, and rorrystal- 
lizeil the colourless residue from water. The crystals are flattened monoclinic 
prMius which, according to A. Fork, have the axial ratios a : b : c=-3-7602 : 1 ; 2-0763, 
.mil p 27^ A. Claus said that the salt dissolves freely in water, and that 
tlie srdu. can be boiled without decomposition ; and F. Raschig added tliat it can 
l)*‘ re])eateclly crystallized from alkaline liquids without change. According to 
'r. JIaga, 1(KJ parts of water at 18’' dissolve 3*9 parts of the salt. The soln. is neutral 
to lituiUH, phcnolphthalein, methyl-orange, and other indicators. When slowly 
lie.ited to 1(10 -120 ’ in air, it loses some water of crystallization, and is then hydro- 
by the remainder acting together with the moisture of the atm. Hence 
tiiere is first a loss of weight and then a gain. The residue is strongly arid owing 
to the presence of hydro.su]])hate. It has not been found possible to obtain the anhy- 
drous salt beraubc of the hydrolytic action which occurs even in a current of dry air. 
A. Claus found that when heated with soda-lime, one-thiid of the nitrogen is given 
off as ammonia: 3 {(K 808 ) 0 ,N(KS 03 ) 2 }+ 9 K 0 H= 9 K 2 R 04 +N 2 + 3 H 20 +NH 3 . 
M. Ficniy, and A. Claus found that the salt is not decompn.sed by nitric acid or other 
rlil. ill ids ; but F. Raschig, and T. Haga found that when the salt is boiled in 
dll liydrochlonc acid, hydroxynitrilo-monosulpbonic acid is formed. F. Raschig 
Mini that an acidic soln. of permanganate is reduced by the salt, and A. Claus 
obtained no precipitation with soln. of the metal salts, although with lead salts a 
roiuplex salt is formed which is decomposed by water. The inactivity of the Bul- 
pliitcs towards the hydroxynitrilotrisulphonates, and the reducing action of sodium 
«iiiialgam and the copper-zinc couple has been already indicated. T. Haga prepared 
sodium nitrUotrisiilphonate, (Na 803 )( 0 N)(NaSQ 3 ) 2 . 2 H 20 , by boiling a soln. of the 
dhulphonate with the eq. amount of sodium hydroxide, and lead dioxide. It is more 
ililllcult than the potassium salt to purify, but by the cautious addition of sulphuric 
ucid, the impurities can be converted into sulphates which can be removed from 
tiu* suln. by freezing. It crystallizes in aggregates of small, tabular, monoclinio 
crystals. The solubility of the salt is considerable, 100 parts of water at 21-5'* 
dissolve 35 parts of salt. Like the potassium salt, it is neutral to indicators, and 
when heated, it hydrolyzes in its water of ozystalliMtion. The mol. wt. of the salt 
by the cryoBcopic method agrees with the simple formula. T. Haga also found that 
lead hydra^tritotiu^ (rb 0 H.Pb 0 . 808 )( 0 N)(Fb 0 H.Pb 0 .S 03 ) 2 . 3 H 20 , 
the only insoluble compound formed when a warm soln. of the potassium salt 
poured into a soln. of basic lead acetate. The chalky white powder is readilv 
decomposed by a soln. of an alkali carbonate. F. Ephraim and W. FlUgel added 
iliffcreut eobaltic ammines to a soln. of the potassium salt and obtained oobaltio 
*^inminoiiitrilotri«di^^ [Co(NH3)e]S02.0N: (803)2; oobaltio aiuopentam- 
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minodtrfloirianliihiiiute, [Co(N:E^)i(H 20 )]S 0 g. 0 N : (SOa)i ; aAtlfle d» 41 iittrito- 
tetemminmiitriktriiaMHiMto, [Co(NH,)4(NO|)]{SO|.ON : (SOt){)2, as veil u 
oAaltic (nni-diiiitritotetruiiiiiinoniWlot^^ ; and colmo nitritopnt* 
uuninomtrOoWnilphoiiat^ [Co(NH3)s(N02)]S08.0N ; (SOslg. 
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§ 6B. B^rdnzinoBiibiluiiic and HniiadnimiliaiODic Acids 


According to F. Ephraim and 11 . Piotrowaky,! when sulphur dioxide ia slowly 
passed into a cooled soln. of hydrazine in absolute alcohol, a white crystalline pre 
cipitate of hydiazme hjdmiiiodisnl^iiiiaiei NsUgfllSOz-N,!!,),, is formed. It 
sinters at bU*', and gives a rloudy li((uid at which decomposes with the 

evolution of gas. The aq. soln. is weakly acid, and smells slightly of sulphur dioxul >■ 
when treated with a soln. of a barium salt, it fuiniahcs a precipitate of haciuni 
fafdnuinoduiiliihjiiate. 




innrhirh the hydropeo atoms of hydrazine as well as those of the sulphinie rndji lo 
are replaced by burinm. Thr salt f^radually decomposes with the loss of 
Impure silver hydrasinodisiilpbinate was similarly obtaiiieil, as well as calcium 
hydraziiiodisiilphiiuite» and lead hydrazmodisulphinate. The parent mi* I, 
fajdraziiiodisalpliiiiic add, 

H-N-^SO.-a\aH6 

has not been isolated. For the action of hydrazine on sulphur, hyclrogen BulphiJi , 
sulphur trioxide, and tbionyl chloride, see the chemiral properties of these huh 
stances. In the case of thionyl rhloride, there arc indications of the foriuatioM 
of a hydrazine of sulphurous ar-id. 

There are derivatives of hydrazine in which one or more of the hydrogen alnrn^ 
are replaced by the siilplionic radicle. K. Stolle and K. A. Hoffmann passed carlmii 
dioxide into a well-conlpd, cone. aq. soln. of hydrazine and obtained hydrazino- 
carbozylic add, NH2.NH.COOH, as a white powder which can be dried o\ir 
sulphuric acid in an atm. of carbon dioxide. When heated to 90 “, it decompu'''^ 
into carbon dioxide and hydrazme hydnumocarbozylate, N2H4.Nn2.IH)0li. 
which distils at 140 '’ under ordinary press., forming a clear, viscous liquid wlmJi 
when kept over sulphuric acid forms a crystalline mass, melting at 70 ^. It f^n1)^ 
an alkaline soln. with water ; and it is rapidly decomposed by acids ; when heutnl 
to 140 ° in a closed tube, it forms some earthy drazide ; and when treated 
ethyl chlorosiilphonatc, it yields bydraonoduidphoiiic addi NH2.N(HS03 )*ji 
H 8O3.NlI.NH.HSCls.H2O, which can be isolated in the form of potaniiim hpdrazmo- 
disulphonate, N2H2(K803)2.Il20, which crystallizes from water in transpariMit 
prisms. The arid does not yield a condensation product with benzaldehy^h'. 
F. Kaschig prepared the potassium salt by the action of chlorosulphonio acid fui 
a mixture of h vdrazine sulphate and pyridine ; and the potassium salt is dorompo^f'd 
by alkali hydroxide; N2H2(KS()a)2+2KOH-N2 f-2K2SQ,+2UgO. F. KascliiJ 
suggested that diliydroxyimide, or dihydioxyhjdminei 

II-N--OH 
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is formed as an intermediate product because no nitrogen and no sulphite are 
formed when the alkali hydrasinodisnlphonate is tre.ited with alkali-lye cooled 
by jce ; only when the temp, rises to, say 15 "*, is nitrogen evolved and alkali 
sulphite formed. 

£. Konrad and L. PsUenB prepared pyrldins hydnzliiodtoalpliODate by the action 
of cliloroBulphonio acid on a BUBpenainn of hydrazine sulphate in cold pyridine and mib- 
Einnoently precipitating the salt with ethyl alcohol. The rorrespouding anmaniuin, 
gm/tum, and banum hydnuinodisulp/ionaies were prepared respectively with 1, 2, and 
3 uinls of water of crystallization. 

W. Traube and 0 . Vockerodt found that when dry air is slowly drawn through 
a flask containing fuming sulphuric acid rich in sulphur trioxide, and then through 
a fla<ik containing anhydrous hydrazine, a considerable quantity uf hydrazine 
hydrazinomonoealiillQnate, N2H2.H2N.NH.HSO3, is formed, and when the aq. soln. 
of tlim product i.s dissolved in water, and the soln. heated with an excess of barium 
Intlroxidc, to drive ofi the free h}’drazine, the excess of barium precipitated by 
(.ifbon dioxide, and the filtrate evaporated in vacuo, barium hydiai^omono- 
salphonate» Ba(N2Ha.S03^2>^1^2^> is formed. When the aq. soln. is precipitated 
\m1Ii iilcnhul, the salt is obtained in glistening needles. By treating the barium 
salt with sulphuric acid, free hydrazmomonosulphonic add, N2H3.USU3, is 
framed , and the white noedleb of the acid melt with decomposition at 217 °. By 
triMtiiig the barium salt with ammonium carbonate, ammemiam hydrazinomimo- 
sulphonate, N2H3(Nll4S03), is formed as a dcliquc.scent, crystalline mass. 
A Sabanoclf noted that this ammonium salt is isomeric with hydrazine amido- 
sij||iliu]iate. By treating the barium salt with a suitable alkali sulphate, acicnlar 
rn'^tals of potasfiittm ^drazinomonosulphonata, N2H3(KiS()3), and monoclinic 
of sodium hydraanomonoflulphonate, N2H3(Nn803).H20, were produced, 
'liie salts are stable in alkaline niul neutral soln., but arc decomposed by acids 
iilphuric acid and hydrazine. F. Haschig said that the suit reacts with 
loilijic in acetic arid soln,; N2H3.KS()3+2l2 fH^O- N2^-ml-|-KHS04 ; and 
^licn treated with potassium permanganate, nitrogen gas is evolved, and tivo liydro- 
CMi atoms are removed, forming potassium diazomnnosulphonato, K]i;N(KS()j), 
wl>i( h then breaks down into nitrogen and potassium hydrosulphite. Ammouiacal 
mIwt nitrate is rapidly reduced by these salts, but the barium salt and silver 
nitr ite furnnhes acicular crystals of klver bydrazinomonosulphonate, N2H3.AgS03. 
ll\ a]iplving the method used for the barium salt to the other alkaline earths, 
calcium bydrazmomoDOBulphonatei Ca(N2H3.KU3)2.H2f), and strontium hydra- 
zinomonosulphonate, »Sr(N2H3.IS03)2.2H2i\ were formed. 

W litai iho barium salt is tmaUnl with au aldbJiy tie, e.f 7 . Bahcylalilohydo or benzaldehydo, 
hydrorybinzyltdenehydrazinoimnwiuiphinyUi^, (011Cfll|Cll : N NH.SOg)|Ba 
ami htiriufn &rnz^ftdfr»f/fi/<fnt:motiKntoauf;i/ionttfc, (Cll.C*|ll| : N NH KOj),Da 2i]|0, 
t"niiul Jf ethyl enediaiiuiio Iw sulphonated like hydrazine, hmuin L//iv{mrdiam(no* 
‘nnKulphonritr^ (NIlf.CHs ('U| NJl.SO,),Ha, is foririod , and whon this it> tn^trd for 
lilt* tree iwid, there are iorined eulourlees leafiets of <r/iyIfn(dtamino/no»Dm/;d(on«r at'td, 
J^tl3Lll,uH|.NU.HS0, or 

CH,.NH.SO, 

CH3.NH,.d 

B. Konrad and L. Pellens found that if pyridine hydrazinotlidulphonate be 
oxiili/cd by sodium hypochlorite in the presence of water at — 20°, and the liquid 
treat erl with potassium chloride, pota^um diazodisulphonate, N2(KS03)2, or 
; N.KSOa, « formed. The parent acid, diazodisulphonic arid, 
HSOj N : N.HSO^, has not been isolated. F. Baschig said that potassium diazo- 
sionosulphonate, H.N ; N.KSOs, which he called potamum dnmnlomomisulphonatv, 
f^Jiined os an unstable intermediate product in the oxidation of potassium 
hyilrazinomonosulphonate by potassium permanganate. The parent acid, 
^omonoBiflplunio add, H.N : N.US^, has not been isolated. 

• Traube and 0. Vockerodt observed that a well-cooled, cone., aq. soln. of 
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potaBsium nitrite vhen treated with finely powdered hydtaidne monosulphonste, 
reacts : NIl2.NH.HS03+ENO|=2H20+Ng.E80^, and the resulting potaMnun 
tnaioBKmoB^honatet N2.KS0^, is obtained in an impure state by spontaneous 
evaporation. When purified, it furnishes long, flat prisms is hioh explode on heating. 
The parent acid, tziasomonuMolphonic add, Ng.imOg, 

JJ>N— HSO, 

has not been isolated. They obtained^ in a fsimilar mniinfr, sodium triaiomoiio- 
sulphonate, Nj.NaKOp ammonium triazomonosuipbonatop NjNil4SUa; ami 
barium triazomonosuIphoDatep (N3 sOjjJia. 
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§ 60. Perozyamidodisulpbonio Acid and its Salts 

The floln. of Iho ttulphi i/m of K. Fr»*my ^ pn^jMreJ Ly oxidi/ui^ a potassium 
hyilrox>Ditril<KliAulplioiiato with silvur oxide or J(«id dn^xulo have .in iiitni^ 
Molot-liluo n^our, «iuci fuim^li golden 3'cllow crystals, lie leprc^uiied tin mm 
position of the potasHiim salt by H07NtS^K^, wliir'li, aaid A. Claus, would tiern 
with the formula al present eiin»loved if the hydmgen be ouiitted. T. Ili,i 
showed that other oxirliring agents prudure tho violet eulorution- t 7, o/dn* 
nitrous fumes, and aridifud .soln. of a nitrite- -but hydrogen dinxnlo, pol.i hu' 
fciTicyanidp, potassjuiii permanganate, alhrilmc cupru solii., and men urn o\m 
have no perceptible action. A. (Irius showed that the ]troduction of the eoli 1 
halt is not necessarily accompanied by a sulphate ; that it is u product of omiI iti »i 
and that it passes spontaneously into the tolourless trisulphnunte, a little '<<ul[il iti 
and gaseous nitrous oxide. He recognized the sulphonic character of the y nloui' I 
salt, and named it onfsulplauHti to wLifh he as^ogried the forrmila: 

N. KM), (KSO,j,-N II ,N (KSO 

A. ClatH ) S'riiiuli F. IUkIjIv'p lorinuU. 

where the nitrogen is quiu(|ueva]ent, P, Rascliig inodihed this formula int>) 1 d 
just indicated. A. llantzich and W. Semple rcgardinl the coloured siih I 
flulphonated nitrogen peroxide, and called it nilroxylduulphomlc, 0.!N L’ 
in which the nitrogen is tcrvaleut, and oxygen univalent. Tho yellow ci.) 
are suppoRed to ha\e twice the mol. magnitude of the dissolved violet fi^nn 
analogy with the two forms whicdi nitrogim jieroxide itself assumes. P. H.il .Hf' 
investigated the violet aoln. produced by the action of reducing agents say, sulphur 
dioxide-on a soln. of hylroxynitrosylsulphunc acid, NO(HO|8t^, in intmohvdr il j'l 
sulphuric acid. The similarity of the colours Icil him to assume ili'd "u 
coloration w due to the presence of the acid of E. Fremy's potiisaiiim wilt. m'U- 
stituted 0 :N(IlS()dj T. Uaga raised the objections that there arc htriliu;? 
chemical contrasts iii the nature of the two soln. 

ft) L Kn fuy^H viulol siilt la produt'etl by nction of liwd dioxide imd is 
by it, whereuH P. Hulmtior'e \iulot ai'id m at oiieo attar ked Ly Icwl dioxide , (u) f •'** ' . 
ar^id w produced by and is iridiffeient towards sulfihur dioxide, wlieroaB llic violi't 1 ‘ 
at once cFianged by tins reugont ; (ui) H Kekigiiclii was unable W convert E. Frr in) *< 
salt into P. tiabatior's violet acid, or I’envor^oly. 
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Thr Bulphonic character of the violet salt was established by the work of A. (lausi 
ftuil by the fact that it can bo |)Todupofl by the dchydro.jonation of hydroxylamine 
(li-iilphonate. T. Haga defended the ihehis tJiut tko jiitToxy-residue in the violet 
s,di of E. Kremy’s salt of pernxylamidodisolphomc acid» (]LS 03 ) 2 N. 0 , 0 .N(HR 0 b )2 
-.'i derivative of jieroiylamnPf II 2 N.O.O.NH 2 . It is mniutained that the 
mode of formation of tlie potassium salt proves that the constitution is that 
id a peroxidBi and therefore of a peroxamide. For example, the disodium 
h^droxynitrilodisulphonaie loses two hydiujo^eii atoms oi ordinary temp., when 
iiMihzcd by ozone, silver oxide, or lead dioxide, but not by oxygen itself : 

(KSOalgN.0 114 II|0.N(KB0b) 2 bO^(KSOa)2N.O.O.N(KSOa)24ll2^)- The rever- 
Mon, at ordinary temp., by a reducing agent occurs so that the peroxylamido- 
ili^uljmoual^* fnrjus hydro\ynitnlodisnlphonic acid. Again, the reacliou between 
the peroxylamidosulphninc acid and normal alkali sulphite is most probably 
t lii‘( liul the oxygen atoms of the peroxvl group : (KSO.d 2 N 0 . 0 .^(KS 03)2 

K0.N(KH0aj2+(KS03)0N(K80a)3. T. Haga then di8cus.sea the im- 
pioliubility that the nitrogen atom is more than t«‘r\aleiii. E. Divers favours 
T Ibiga s view of the constitution of this salt because of the reactions with 
sulphite resulting in the formation of hvdroxylimtnlotnsulphonate 
.iiiil di>^iilphonat4*A ; and aith water resulting in the formation of nitrous acid 
.Hill liMlrnxynitTilo-tiiMiliihdiiate and dMilplionate. 

\\ hen the attem]it i» made to isolate perozylamidosiilphoilio acid, N/)z(KSP3)4, 
1)1 n idifying an aq. soln, of the pota^-^-mni salt, brown fumes ore evolved owing to 
tin ilcroniposition of the peroxjlainidosulphonic acid A, Hose pcj^sibly obtained 
I nlu of the acid by the action of nitric oxide m sulphuric and: ; 5 X<j | III2SO4 
ill 0 N(»(11I^03)2 4-(N0)J1SD4. 1 he blue liquid oMdined by r.Stibdlierl)} the 
.11 'll in of Niiljdiur dioxide on a soln. of hvdrDxynitrosylsulphonte and in sulphunr 
li III niay also coniniii this and. As indicated below, the identity of P. Sabatier s 
hliii .1(1(1 with ]icroxylamidc)iiulphouic acid has not been e<i1abhshed. Uotb 
V Iio e\s and P. )Sabatier'« jinulucts may be hydroxjiutrosyKulphonic acid 
Ill preparing potassiom peroxylamidosnlphonate, N202(KSU3)4, E Ficmy 
pii]Mr('d the dipotas'iiuiu or penlapotassiuiu livdroxMiitjilodisulpltouales; 

\ ( Ians used the latter, V. linsclng the former. T. llaga h.ud that the peiit.i salt 
i'' 11 m better bccaubo the product is moic stable in presence of the moie alkaline 
mIi, and then' is roiiscquciitly less loss, and the Kilt is mure easily purified. 
L. Kniiiy pi pf erred ailvcr oxide ns the oxidizing agent, A. Clius, lead diuMilo. 
i ll.iga found lliai tlu‘ wlvcr oxide gives tlie better yield, but lead dioxide w the 
iiiiiii convenient oxidizing agent. The IcmuI which contaminated the firoJuct is 
cjimIv Kuuoved. 

h li’jcmy culled this salt sulfazilate de ; A. Claus, ujy^ulfuzntinsame 

hm uin , and T. llagu, prrofjflamumnlphomtc. T. Haga siid that the 
uiistibl<' ^alt .should be prepared just when it is wanted, and recummoiuJed the 
h'lldwmg ]irtM'ess : 

Ti I’nns, of fientApotasHUim liyitroxjnitnlodisuljilinnfttn — or the (iipotft^*»iam sail 
sell 11 liitlo piiiaHsmia Ijjdroxiih' and a litlla iiuiie tlmii thu Hiiiiif aciglit ot liatl liioxulo 
«i mUi r ovule, ami makn up with water to 2.i c i* Agitato Iho mixluie lur 15 iiiinnto*^ 
11 1« iii|i iicur to hill nut exeeecling 40 lleconl the miIii at oii[s\ nuiiovo any lead by a 
< luri ut of ciuhun djDXkdn, ami hiter the warm soln Mom ii>alalhuitinii sols m Allow 
jia imxliiir to stuml iii on ice-hux for Home hoiirb' wlu'ii llie wlude ui the rli sirtsi salt w'lU 
s(|)iuateiJ lu. 0 eruat nl iniiiute yellow ueedlin Thcvtc can ho roi rental liAod with a 
ii ' 'jS In iin hot water nu do alkaline w ith ] »nl ushiuiu hv di oxido T f any Ralt has Cbcaiied 
It will puntuininalo thu yulluw ouhtaU, ooloiiring ihwin violet, owing, os 
ni.ni/si h and W’ Mnple observed, to livdioxvmtnlodihulphonato retaining 1 to 4 per 
ui tiift violet soln m aohd soln 

Ihore are some discrepant ok.sorvationh by E. Frcmy, A, Claus, F. Rasehig, 
T. Hagu on the projiertics of tlic potassium salt, the following arc mainly 
roia Haga's revision in hin luenioir: PeroryUmyneSulphonates and Ilydi ux^/lamine 
^^^''ulphonaUsH, Solid potassium peraxylHmido.sulphonate is too unstable when 
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dry and free from alkali to exist many minutes without rapidly and almost 
explosively decomposing. In this decomposition, slight white fumes of ammonium 
salt (probably pyrosulpliite and pyroaulphate), nitrogen and nitrous oxide, and a 
small quantity of sulphur dioxide are given off, whilst the residue, when the mass of 
the salt has been at all considerable, becomes very hot (above 300°) and melts. This 
residue consists of potassiam sulphate (principally pyrosulphate) with a very little 
ammonium salt. Sninctimes a trace of amido-mouosulphonate can be detected 
by the mercuric nitrate teat ; also a trace of hydioxylamine (or other substance 
reducing alkaline onpric soln.), but none of the other sulphonates, the temp, having 
been too high to leave these substances undecompused. The true products of the 
spontaneous decomposition of a poruzylamidosulphonatc are only found (in company 
with small quantities of apparcutly secondary products) when the salt is heated 
to boiling with enough water to dissolve it, and iu presence of sufficient alkali 
to prevent both the aciflification of the soln. during the decomposition of the suit 
and also the secondary changes which would result from acidification. The alkali 
does not appear to modify the nature of the primary change, although it distinrtlv 
increaso.s the stability of the salt, as already mentioned. When carried out in the 
foregoing manner, the decomposition of a peroxylaminosulphonate proceeds largt'lv 
in such a way that not only do threc-fourtLs of the sulphur of the salt, as suggc^Lcii 
by A. Claus, sud by K. Kascliig, together with one-half of its uilrogcn, come out as 
hyilroxylnitrilotrisulplionato, but the rest of the sulphur and one-fourth of the 
nitrogen become hydroxyoitriiixlisulphonatc again, whilst the remaining one fotirlh 
of the nitrogen appears as nitrite, 

2(SOaK)4N|0,fH,0==2(«OaK)|NO+(SOtK),NOH-HNO,H, 

although some nitrous oxide and sulphate, besides minute and uncertain quant it ks 
of other substances, are always produced. This result cxpIuiuH the produnifui 
of the large quantities of acid sulphate and nitrous oxide Db.^e^ve(l by A. t 
and h\ Aaschig, for the nitrous acid when not neutroliKed by alkali interacts 
the bydroxynitnlodihulplianate and yields acid sulphate and nitrous oxide 1 lie 
regeneration of liydroxyiiitrilodi^ulphonatc in the spontaneous dcconiiiOLSilion ot 
ft l>eroxylaroidoFiiJphoDutc accounts for the fact, met with in the present invest i'.m 
tion, that much more hydroxynitrilotrisul}>honate is obtainable by hiMimi' 
hydroxynitrilodisul])honatc in soln. with exce.sh of lead peroxide than can be clcnv hi 
from the dcrompOHitiou (out of contact with lead peroxide) of the peroxylaimiln- 
bulphanatc equivalent to that quantity of hydroxyniirilodisul}ihonute. 

E. Fremy was inhstaken in saving that when the salt is left in a closed hotile 
it furni4ie.R nitric oxide. Acconling to T. Ilaga, the general character of the 
decompoMtion of the salt is ns follows ; the mol of peroxylamidosulphonatc h 
halved by the liydfulysirt, and converted into bydroxynitTilodisulphonatc, aiifl 
probably an unstable potasaurnhydroxn^orcmylaiiiidiogDlj^o^ 
which ha.s not been isolated : (KSQ8 )kN.O.O.K(K 8Q5)2 '^HO.O.K(KS(^)j 

-|-H0.K(KS03)2. The unstable bydroxyperoxylamidosulphonate reacts with llie 
original salt N2O2(KS(b)4-hHO,O.N(KS0i)*-HO.NO+2{(KSO2)0.N(KS( I,).} , 
and, neglecting intermediate products, this gives as a resultant equation |i)- 
2K5.()2(K802)4+ll20- IINO24 20K(KSQ8)s4-H0.N(KSO3)2. Thehydroxymtnl'»' 
disulphonatcmay also react with the original salt: 2N2U2(KBQa)4+2U0N(KS(Mj 
--4{(K803)0.N(KS(’^)2}+H2N202, which gives the resultant equation (n)’ 
6N202(KSa,)4+H20 - N2O+2HN02+^(KB()5)O.N(KB0i;2}. The sulphate found 
among the priniucts of the decomposition in varying amounts do(‘s nut comn 
from the hydrolysis of the salt itself or from the reaction products hydroxynitnlo- 
trisulphonate and disulphonaie. The trisulphonate is stable in the presence of 
alkali, and the disulphonate yields sulphite not sulphate. T. Hags assumed InJi 

it came from the decomposition of the unstable hydroxyporoxylamidosulphunutc, 

where it fails to react with the peroxylamidosulphonato. It may hydrolyze eduer 
according to 2{H0.0.N(KS0,),)+Ha0-H0.N(KSQ,),+HN08+2KHS()4, 
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Arrordiog to 2{H0.O.N(KS0A]a}+H2O=N2O+4EHB0|, which may be combined 
With tlie primary equation. The nitrogen which is fi^rmcd may be produced in 
the reaction ; N202(K803)4+2H20=N2+4KH804, and the potassium amido- 
tfiilphonate by: N202(K803)4+3H20=.3KHS04+HN02+NH2.KB0 b. Part of 
the instability of the peroxylamidosulphonates is to be attributed to the presence 
of oxiilizable impurities. Thus, 1!!, Prruiy noticed the decomposing action of atm. 
(Inst; while nitrites, liable to bo present as an impurity, greatly increase its 
iiinI ability, and acids hasten while alkalies retard the decomposition of the salt. 
Pr)t.i<isium jierozylamidosulphonate is very unstable in water and very slightly 
M'liiblc in the cold. In which fairly represents its u'iual mother-liquor, 

]t i** more stable, but still not very soluble ; 100 parts at 3“ dissolve only 0-62 part 
of tlip salt, and, at 21)'', only 6-6 parts. It interacts in soln. with normal potassium 
sii1|)hite and then produces hydroxynitriloirisulphonaie and hydroxynitrilo- 
Milphonate, evidently in mol. proportions, this change being a fact of great 
ilirorclicul importance. Its chemical activity is manifested in oxidizing certain 
i>.(silv oxirlizable substances, and being thereby reduced to its pareiit salt, hydioxy- 
iutrili)disulphonate. Although it liberates iodine from hydnodic acid, it fails 
to nxjdize liydrochluric acid. When the latter acid in cone. soln. is poured on the 
solid salt, it sets up the same decomposition as that which occurs spoiitaueously. 
Hut Iktc, as the rise of temp, is moderated, definite although minute quantities 
of .iiniilomnnosulphonate and of hydroxvlninine (not its sulphonaie) can be found, 
Tti(‘silt hns practically no action on alcohol ; nitrous and sulphurous acids rapidy 
icduic it, HO also does sodium amalgam, first to hydroxynitrilorlisulphouate, as 
uiiHrccd by P. Sebutzmann, and then this salt ]»asscs slowly but completely into 
iiMi(liMli«ulj)honate. Clean granulated zinc slowly reduces the salt, but copper 
not. The spontannous dt'compositum of the salt may, however, easily be 
oil akeu for its alow reduction by a reducing agent, since in this case also hydroxy- 
nitnl(Mhsulphonate is pnaluccd. The ditTerence is readily dotccU‘d by testing 
for nitnto, which is produced only in the spontaneomi decomposition of the salt. 
iMiugiUJCse dioxide very slowly dcH'omposes it, eausiug a minute effervescence; 
li .id peroxide is inactive. Potassium permanganate is reduced to green manganate. 
I l>*in filter-paper, unlike the paper in use in K. Fremy's time, dues not affect it. 
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§ 81. HppoiutritoBiilpliazic Acid and its Salts 

In 183.5, J. relouze,^ in his Mtuwire sur qudquea combimuom d'un noiml acide 
Jonne d'azote, de Moufn^ et i'oxighM^ described what he called I'acidt n}im\ilfuTiqae^ 
9T in scU nitraiulfotea^ by bringing nitric oxide in contact with ulkali subihites, or 
A niivture of nitric oxide and eulphux dioxide in contact with an alkali at ordinary 
An excess of alkali promotes the formation of the compound. Ue aided 
lli d llic alkali absorbs two vols. of nitric oxide for every vol. of Kulphur dioxide, 
y the lutric oxide predominates the excess loniains iinabsorbed, while if the sulphur 
'l»>Mde predominates, an alkali sulphite is formed as well as the nitrosulphate. 
b Divers and T. Hoga emphasized the (act that these salts are formed from 
sulphites by a process analogous to that by which sulphates and thiosulphates 
f firmed from sulphites, namely, by leaving a soln. of a normal sulphite in contact 
^dh nitric oxide, oxygen, or milphui as the case requires. The nitrosulphates of 
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J. PelooEe bIso revert to nitric oxide and milphile, Hence, w in tie ease of, 
luy, 1‘alriain thioHulphate, 0aS2(^?i('ariC^ -I S, au in the cafie of tbe njtruaiilphatoK. 
K(N£O2).S()2.0K«^K.B0gOK j-NgCg; and in the case of ealphatcs, KU.BO£.()K 
-SOs-OK-l 0 . Again, nodiutu ainulgam acta on a thiosulphate, forming sulphiln 
and sulphur, so on a nitrosulphate it forms sulphite and hyponitrite. TIu' 
Eulphouate constitution was advocated by F. Rasuhig, W. TrauW, A. Hantzsili, 
and F. Dudeu, but other formula; have been suggested ; 


0 < 


N:N.OK 

SO|.OK 


E. Divers* lormula. 


O.N.OK 

A HaHfiHrh'B lorniula. 


F. KaiiclilK's iunuulu. 


F. Ilaschig said that the potassium salt is best obtained by the action of niliu 
oxide on a 40 pei cent . eulii. of potassium sulphite as indicated below. £. Divert 
showed that the ordinary nitrogen-sulphonic compounds give a precipitate of 
barium sulphate with an acidified soln. of barium chloride only after standing an 
appreciable time, while the nitrosulphatcs give a precipitate immediately. Again, 
alone in aq. soln. the potassium salt slowly decomposes into iiornial sulphate (luil 
nitrous oxide, whereas in the presence of a little alcohol, potassium ethyl sulplj.iii*, 
potassium hydroxide, and nitric oxide are formed: KO.SOg.O.N : NOK^ rwilr,ni! 
-■(C'oll5)KS04-j-KOH+Ki>0; it is extremely probable that the nitrous oxnli* h 
formed by tbe decoinpositicn of the jHitassiuin hydrohyponi trite, KO N^OII, if 
W. Zorn, so that tbe reaction is formulated . Kl)N2.KS04-| tyi^f >U (lyi^lKSi 
+K0.N20H- F. Eaachig 8 formula is well suited to explain the deconiiiositi.ui 4 
tbe salt into sulphate and nitrous oxide, bub it does not account very well fm tlie 
action of .scxlium amalgam in harmony with thpt of other sulplnmateH , Minil jrl\, 
P. Duden's explanation of the action of potassium hydroxide by ol 

F, Raschig's formula does noi make it clear why a sulphate is foriucd when 
sulphonatcs under similar conditions yield sulphites. P. Diideirs synilie'^i- rd 
hydrazine by Ike reduction of the nitrosulphate does not agree with the .sulpliMiin 
character of these salts. A. Lachman and J, Thiele also showed that whih' ul 
undoubted sulpbonates give nitrous oxide, and sometimes a little uitramide, i 
mixed in the cold with nitric and sulphuric acids, potassium nilrosulphati* (loe-^ i m 
do so. Pi. Divers and T. Haga also found that while the aiiiidoHulpliNn.iti ^ 
oxygenated or not, resist the action of sodium aiualgain, the nitrosulphutcs .irc it 
once reduced, hliowing that the latter are probably not sulphonates. lu coih iimiuf, 
it is urged that the hypomtrite-bulphatc formula explains every known i In nci .il 
action of these salts while the sulphonic formula explains only some of tlii*in arnl 
suggests others they do not possess. The dibasic acid is therefore n.ini«’il 
lOTcmitritosiilphaiic add. ITO.N : N.IISU4, and the salts bjriKinitritOfiuIphaiies. 

J. Pelouzc prepared crystals of amnuminm liyponitritoialpbate. (N L* 

by allowing a soln. of ammonium sulphite, cooled by a freezing mixture, to jh >>1" 
"nitric oxide. At and upwards, the soln. dec^oinposes into nitrous oxide -.ii'l 
ammonium sulphite, but the reaction is retarded if the soln. be mixed with tl.u i' 
times its vol. of aq. ammonia. The crystals were washed with aq. ammoiii.i •niil 
dried betwuen bibulous paper. The clear, rhombic prismatic crystals have a shuidK' 
bitter taste, and a neutral reaction. The crystals can lie heated to 110 ^', but 
that temp., they decompose with an explosion, forming nitrous oxide. They dci < >11^ 
pose with sparking when thrown on red-hot coals. They cau be dissolved m wjtf r, 
but the salt in aq. soln. soon decomposes; N202-(NU4)8S^Og -N2(H 
The decomposition at U° is alow, but very rapid at 40 ° ; the speed of the reaelit'U 
aceelerated by the presence of carbon, pyrolosite, silver oxide, and platinum spuiip 
The salt does not reduce manganic sulphate or indigo soln. ; it is decompo^c^l ^ 
acids and metal salts. It is insoluble in hot alcohol, and is precipitated by ale 
from its aq. soln. J. Pelouze prepared potelBiim hpponittitofinlp^^* 
^ indicated above. The salt was also prepared by A* 

F. Kaschfg reported another modification. He said that one isomer " 1^*' 
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ci]»itiAic with barium obloride which is insoluble in wate/, but which dissolves in 
bydrucliloric acid to forio a snln. whicli remains clear for a short time and then 
posits barium sulphate ; the other isomer, obtained only once, gives no pre- 
tipilfif c with barium chlorirle, though on adding hydrochloric acid, barium sulp^to 
IS jmiuediaUdy preeijiilaiod. This was not conlirniod by A. llautzsch, B. Divers 
and T. llaga, and 0. M. Luxraorc. 

A llawtzfech proj)arod the Halt by duiHolYing Diif^-fourth of a wpi;^hei] (quantity of 
1 ) 1)1 asMiim hydroxide in a littlo water, and sat. the hoIu. with Buli)hiir diuxidn bo ob to form 
djopiilphito ; the remnindor of the iKita'isium hydroxide was added, and nii\(*d with the 
uiHe*4'ar> amount of water for its diSHolution T]io air wan diHplocod by a fuHt eurrenl 
i)f nitnr* oxide, and the liquid nat with tlie goa Tlio aUcahnn liquor was Iheu docuiiled 
ifoin till' erystaliH whirh were washed twice with icod-WLiior, E Divers and U . Hoj^a dis- 
pl.irt'd the air by a streaiu ol )l^dlogl*n ; and rerommendpd ueing vobhcIs whinh oxposi'd 
,1 wirfaoe of liquid tio the nitric oxide gas They u*»cd a soln. containing 40 per ront 
Ilf ])u)uspmm flulphite, and 5 per omd of polassuim hydnixiJo. The rrystals w&re purified, 
jf ihM by dwBolvuig them quii kly, at 50*" G0\ m 4 to 6 limes thuir wci^lit of water 

riirifunirig 1 to 1^ per cent, of potiunium hyiiroxidc The reciystaliizaimn involvoa 
1 1 11 kIi iiihle loss 

V. Un*^cbig said that that salt is not attacked by potas'^ium peruiangunate in 
ar i«li( soln. ; but it is oxidized by sodium hyjiocblDriie in the presence of a little 
Wilier, Tlu' U'-mil produiis of decomposition arc nilnms oxide and potassium 
lul] , hilDc oxide and potosMum sulphite tan be obtained from it by boiling 
wjlh potassium li}droxide soln., nr by fusion; and bydrazinosnlphoine add, by 
alk ihni* reduction. He said that the formation of the hyponitiitosulpliale can be 
I \\\\ lined liY as-uminp, with A. Hiintzs(h,that before the combination, nitric o.xide 
form iloulde niols, and also that botli potassinni atom*< in potassium sulphite arc 
jdiiiiil to the sul)ihur atom. When nitric cixide riMris with potassium hydro- 
Hilplnti*, the first product proliablv has the conMilulum N0.N(()K)S08K, which 
tlii'i iiiulergoes reairangnnient. When nitric oxide is passed into a soln. of potas- 
MiiTu }i\drohulphite, potasbiuiii nitnlosidplionate, N(H()jK).^,L*H 20 , is formed, 
wliiih decomposes on boiling, yielding pota^'-ium hydrogen sulphate and potassium 
amulosuijihonate. The reaction between nitric oxide and pottis.'^ium hydro- 
•inlpliite may be explained by assuming the formation of potassium nitroxyl- 
‘iiiiphonafe, (.)iI.N.St)aK, which combines fiirllicr with nitiic oxide, yielding 
potiismuin nitrosohydroxylaminoHulphonate, ON N((iJI)S 03 K, from which the 
potassium nitro8<»sulphite, ON N(OKjSO,J<, is fonmd in alkaline soln. In the 
.ihstiiire of alkali, potassium nitro«i(minidodi^ul]dii)niite i.s obtained. In tbe decom- 
jH»-ition of potnasiiim nitroxysulphonate, OH.N SOjK, li)’pomtroiis at id and tbe 
re i.lue, SO^K, are first produced. From the latter by simple association ivotussmm 
Millminite results. 

A 11 iiit/.'srh said that the colourless nmllt'dike cry.staU are stable in diy air, but 
111 uioi-t air they slowdy form potasHUm sulphate. J. Velouzo said that the crystals 
nri' irregular, six-sided cuhimns which resemble potassium nitrate. The crystals 
li Li I* no muidl, a slightly bitter taste, and a neutral reaction. E. Divers and T. Hagu 
i"iin 1 tli,it the drier the atm, the more slowly dot's the salt lose w^iclit w'hen heated. 

iM Luxrnore observed a loss of 2’5 per cent, in five minutes a little below 105® ; 
J Vclouze said the salt did not lose weight at 115®. The different results are due 
to dilTnrcncca in the humidity of air and salt. J. Pclouzc added that the salt decom- 
at ITO®* into nitric oxide and potassium sulphilc. A. Ilantzsch, however, 
^ ‘I'l tlmt tbe decomposition is qnantitative at 9U®, and nitrous oxide is the gaseous 
pi'nluct. E. Divers and T. llaga said that if the ga‘4 observed by J. Pelouze was 
J‘dTic oxide, it must have ariHcn from some impurities. They added that the 
j exploded in a current of air at 91®, in nn oil-bath, and at 108^ m an air-bath. 
lAixmore found that with a thermometer immersed in the salt, explosive 
Opposition occurs at 127®-14K®. The difference in these results is due to the 
JP^iilaiieous heating of the salt to about 130® before it explodes, E. Divers and 
llaga reported that 100 parts of water at U*5® dissolve 12-5 parts of salt. 
VOL vm. 2 Y 
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J. Pelouze h1iowp< 1 that the salt is insoluble in alrohol, but easily soluble in water, 
and that the aq. soln. is fairly stable ; as indicated above, E. Divers and T. Haga 
found the salt is decomposed by absolute alcohob and by water. With warm 
water, A. Ilantsst'h said that the soln. gives ofi nitrous oxide, and efiervesces, but 
no nitric oxide is fornied. The soln. in dil. alkali-lye was found by F. Baschig to 
yield crystals of hydroxynitrilodisulphonuto. £. Divers and T. llaga said that 
alkaline soln. are reduced by sodium amalgam: KO.N2<K804-fH2=H2S03 
-[-£2^2^21 forming at the same time some ammonia, nitrogen, nitrous oxide, 
sulphate, sul[diite, amidosulphonate, but no hydroxylttmine ; and P. Duden found 
that in the cold, reduction by sodium amalgam, or by zinc-dust and ammonia or 
soda-lyc, furnishes some hydrazine. J. IVlouze said that even the feeblest of 
acids decomposes potassium hypomtrif nsiilphate ; and contact wit h barium chluiidp, 
copper oxide, silver oxide, zinc oxide, iuangane.<ie sulphate, lead acetate, and 
platinum sponge clecompnscs the salt. As indicated above, barium chloride act<> 
only slowly on the aq. suln , precipitating barium sulphate. A. Hantzsch said that 
the salt forms complex salts with the salts of the heavy melnls— thus, potassium 
silver hyponitritos^phaie is formed as a wliite mass, which decomp(*sca at 2)' 
with the evolution of red fumo\ when soln. of the salt are tree tod with silver nilniti* 
and potassiam barium hyponitritosulphate, when tre«it«id with barmiu chloruh' , 
the complex barium salt is soluble iii a large proportion of water. 

J. Pclouzc obtained a soln. of sodium hypomtritosulphate* NaO.No.NuSO^, 
and found it to possess properties like tho^e of the potassium salt, and to be 
soluble ID water that he did not I'^olate it. £. Divers and T. llaga prepared Llit* 
salt by ex}'osiiig to an atm. of nitric oxide at ordinary temp., a rone, soln. of uortijiJ 
sodium sulphite mixed w'ith^'ljtli of itswciglit of sodium hydroxide as a preservatnr 
At the end of five days, the soln. was eflervescmg, and nearly nil the bulpliate w 1 
crystallized out by keeping the soln. for some tune at a temp, a little below' /rru 
The clear soln. was quickly evaporated m \ acuo, when it Jepoiited minute cry daU 
These w’ore drained and dried on a poroua tile. The crystalline powder w»h 
anhydrous, but rontaincd about 1*1 jier cent ab.sorbcil w'ater. The crystals ta Ini 
like coniiiion salt ; they were sliLditly alkaline to litmus, and were free from snip', 
and ^ulphlte. Sodium hvponitritusulphate is, therefore, an anhydrous sa]t,lilr> 
the putas'sium salt. Like the jiotabsium salt al^o, although it continuou.s1y dei om 
posi>fi, into sulpiiate and nitrous oxide w'hen in neutral auln., it can be tu iii'd 
moderately witli very Iitlle change, if some sodium hydroxide is present; wl tn, 
however, such an alkaline and somewhat cuiic. solo, is boile<l, ib rapidly deeouijiu^i 
into sulphite and nitrir oxide, aiirl the potassium salt does not do. It lims 
seems that the reversion of hyponitntosulphales into nitric oxide and fliiljJiili' h 
ihjicudeut on temj>. alone, and is not preveiitc^d by the presence of WidiT. I( 
otherwise wnlh their dccompoMtion into nitrous oxide and sulphate, whicb is r him J 
eitliiT by Writer alone, or by elevation of temp, alone ; for at the common leiep. 
they can be kept for an apparently indefinite time when dry, but deroiiijif 1 m 
damp air or in soln. ; on tlic other hand, when heated, even in dry air, they genei ilH 
decompose much more in this way than into nitric oxide and sulphate, Hue 
exception to this is the potassium silver salt, which, when heated, gives oiilv lutiic 
oxide and sulphite (A. Ilantzsch). This fact points to the latter decomposition as 
the primary effect of heat in all cases, and to the production of sulphate and nitrous 
oxide af) the result of the interactioD of nitric oxide and sulphite. Potassium >s>b 
sulphite not being readily oxirJizable, this interaction does not occur when pota 
silver hyponitritofiulphatc decomposes. 
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§ 62. NitmtoBoliibaric Add and its s*n» 

According to C. F. Schonbcin,^ a luixturc of nitric and Hulpkurio acidH acts as 
,<1 more vigorouM oxidizing ogrnt than nitric acid alone, and producuH different 
priiilucls. If only a Hinall proportion of nitric acid is present, and in the cold, 
^ul]JllU^ dioxide with very little nitrogen peroxide is evolved ; if more nitric acid 
1, prc'cnt, nitrie oxide is given off--?'ide the action of sulphuric acid on sulphur, 
riic soln. dissolves selenium, and phosphorus at 0 “ without evolution of gas, 
liiriniiig selenium dioxide in the one case, and phosphorous and phoB}>horic acids 
111 the other; and iodino is converted into iodic acid. A. Cuhours found a 
mixture of hydrated sulphuric arid and fuming nitric acid converts many organic 
Mih'iant es into iiitro-coin|H)ands ; and M. Dietzenbaeher, that it oxidizes snlphur, 
.iiiil .iTsenic m the cold ; and it inflames phosphorus, and carbon. A. Itose showed 
tint hv di'.tilliiig the mixed acids stnne nitro.xylsulphonic arid is formed. Free 
nitratosnlphuric acid, IlN'D^i.lI^St)^, or (H0)i{N0.0.HS03, has not been isolated, 
i Kendall, ami A. \ . iSapo-shnikoil said that rone, nitrie does not foiiu with 
■■uliiliiini acid th«> coinisiiind su)tiK)«‘d to exist by W. 1 ). Markowuikoil, but the 
M. M.l Mihi. may eontaiii a little free nitrogen pentoxide. W. ('. Hi(liiie.s reported 
1 ' M llicre is a maximmii ou the fp. curves of mixtures of sulphuric unduitnc 
.'.111 (iiru‘'|ioudiug with mlralopettimdphurir acid, TlN()3.r»lL.S()j, but 11 . (’ar- 
p. nic and A. Iji'lirinan showed tliat the rom|Hmiitl is really a crniipl'.v 
dmitiatosnlphattHictonilpburie idd, 2 HNOj 811 mSO^.SDj, or loSO^.NgO^ '.illoO ; 
.11.1 il licliiiigs rather to the ternary system; SO,; NjOj-ILO, although it is 
1. -|iiiU'ible fora iiiaximum on the f.p. curve of the biiiarjf systi’m— Fig. 102 , The 
Mih.l phiLscs iu the ternary system arc illustrated by Fig. 103 . 



i‘'n! 102. -'Freo/.jnn Paints of tbo Fni. 103.— Sutnl PhaseB in the Ternary 

I!iiuvr.v SyaU'in : H.VO, JIjSO,. Syatem: II,SO,-lf.NOj II, U. 


Ill tilt sodiUBi nitntOBIllphatBS diseu-ssed in a previous volume 2. 20. 
.nid .'lO ami in the potassium and ammotiium nitratosulphiites inilicated 
hclna, ('. Friedheim and J. Mozkin hoH that ordinary double salts arc not 
ill' I lived, but rather niols. with definite and atomic structures. Thus, with 
pi)Ui.ssium salt, KNOj.KHSO*, or HNDj.KiSO*, it is argued that since 
“0 tri‘e nitric acid is given off at 140”, and water is evolved at 180”, a ])yro8alt 
biiisf be involved, and they express the cliange : 2{KSOg.O.NO : (OK)OH} 
lii.O JTO : (OK).O(KO) : ON.O.KSO;+HjO. The action of a mol of sulphuric 



692 


INORGANIC AND THEORETlCATi CHEMISTRY 


acid on two mnh of ammonium nitrate in dil soln . followed by slow evaporation, 
fuiDishrd V Fiiodhpim and J, Mozkin with deliquescpiit crystals of anmuxniam 
iiitratosiiIphate» NH4 NOj (NIT4)HS04> or HNO^ (N 114)2804; tho ronsiitutiun 
resembles that of the potassium salt, HO NO(ONH4) 0 »S()j ONri4 V. A. Jaujup 
I ain obtained a crop of crystals of potasaium nitratosolpliatei KnR04KN0) 
or K28O4 HNOsf A potassium siil])bate in warm sulphuric acid alter 

sonic crystals of potassium nitrate and hydrosulphntc had separated out Tlit 
sp ^r is 2 1I8I, and the m p 1%)°. C Fnedhenn and J Mo/kin also obtained tin 
same salt from a soln containing one mol of sulphiiru acirl and t^o niols of iiitiir 
acid. As indicated above, they represent the constitution I 10 .N 0 (UJv). 0.802 OK 
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§ 68. Nitroeylsolphomc Acid, and HydroiymtnMylsiiIphomc Acid 

F Raschigl considered that nitrosylsulphoniC acid, 0 N 80 ^ Clf, fniini i 
u«> d trdjisu nt intermediate compound in tin load i hamber pnx ( ss /or 1 lie o\iii t i 
o^^ulpha^dlovIllc b\ nitrous acid lINOj SlK NO Tls(), but tbisn irtnrEiih 
more nitrous if id forms hxdrovjnitros^lsulphonic acid NO IlSO^ IIM)^ 

NOf ON(OH)HS()j The hyjiothesis disc Qssed b) (i Luufre diicl I I »■ 
W Manchot, P Rischig, aud () MVentAv F Knsdng »iid that nili \i 
sulphonic atid deconijiosi's in accord with the silnmc NOIISOj-* 11 NON 

H2SO4, and the h\pnnitrous and biiiks down into nitrous ovule iinJ y, iln 
W V Re}nolds and \V H Itt>Ior sud that the alliged Jiilros\Kiil|ihotiK 11 
does not exist, dil soln of nitrous and '^ulphurous acids inutiullv lifromf 
one another, giMug oil nitrous oxide E Divers said that the real turn pioiu I 
proceeds in two 4 ages HNO^ + NflfjSH-jlj i 11 »0, and tlif h\ In 

mtrilodjsuliihonir atiJ then decomposer 110 j IlVOj l!H SO4 NO 

If, atO , a dll soln of nitrous and is added to t^o mol proportions of iil] liiir 
acid, no gis is evohed and the luteimodute ludrovvnifnlndisulphunK u n 
foruud — if tlu “^oln is iicutralizpd and coiKeniriited, the and cun be isolili 1 
the addition of another mol ])roportion of nitrous and furiudies nitrous oxub ml 
sulphuriL and 

W Manchot argued that since the absorption sper train of the blue and 1 ^ 
not rcs*mble the ubiorjitinu spectra of the ferrous and ciipiic nitrosjl mIis u i'^ 
not (unstituted as F lUschig supposed F lug r* ])li( d * 

A 8oln of sodium nilrste m cour sulplmno at id in tlip alwoiuo of air arqiiirfR nf r 
the artion of men ur\ cofipc^r, or silver on inti nse blue colour, vlia h arurlutill} In 1 i> 
(oluiirlpsa soln innUuns nilrruis oxido Nitrosulplmnic atid fonns a solji o) f i^l ' 
dioxidt in sulpluirir and a bhto soln from wliiili nitrir oxide is i|UBn1itati\i b nib 

2NO2 r bOg-t ^R|0 2N()*t3H|h04 Kilnt osido w absorUni bv topf« rhulj I • 

dissohed m com sulpliurir atid in the mol ratio 1 1 at stin icinp and pnsis li ’ 
ception that tiio dark blue soln lonUins tho lopfX'r salt of uitrubisiil|)bi lu 
Btrengthemd by the oliservation that h^droxylamiiu Hulplionir mid is oxidi/id I v in 1 
porsulphurit ruid in pit hi ore of sulphuric aoid and a triuo ot t oppci to a dail bim 1 
pound, whoroas hydro \}bimine is not similarly ollected 

Ihe blur acul obtained by the rcdm^ioii of nitrox>IsuIj)homc acid was assiiiiinj 
by P, Sabatier to be a variety 0/ perox>lamidosul])honic ucid, but T. Hanb ! 
F, Raschig did not arcepb this hypotbesin F. Kascliig called this acid 
/hnsaure, and G Lunge and fi. Jierl, Sulfmlronsiure, M. Trautz showed th it 1 
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may be regiirded as an intermediate stage in the reduction of nitrozylsalphonio 
flcid. Raachig showed that it is produced by reducing nitrozylsulphonic acid, 
()2N.S02*0H, and consequently that it is hydrozynitrosylsulphonic acid, 
()N(0 HjHS0^, i.p. 0= N(011).S0jj.0H, where the nitrogen has the same valency 
s s ill nitrogen peroxide, 0. Wentzky represented the acid by the constitutional 
formula; 


i)<. 


N.O.HSU, 

X.OilSOj 


and called it nilroftylfms sulphyric acuL He assumed that P, Sabatier’s blue acid 
ioiiiiod by the reaction : ^NO^.HSCXj | H2S0jr--H2S04-f 0(N0.HS03)2, by the 
:inmvul ol an atom of oxygen from two mols of nitroxylsulplionic arid, and not, 
as F. li.iHcIiig supposed, by adiliiig an atom of hydrogen to a mol ol nitrozylsulphonic 
in j(l Both B. Divers, and 0. Wentzky showed that only sulphur dioxide is evolved 
action of mercury on sulphuric acid, and that magnesium, which does furnish 
L\ lrf)goii, does not jiroduce the Idiic acid when it arts on a soln. of nitrozylsulphonic 
!)i 1(1 in Milphuric acid- A i shown by \V. C. llcynolds and W. H. Taylor, P, Sabatier's 
IjIlic field can be foriiicd only in soln. containing the nitrozylsulphonic acid. The 
at III las nut been isolated, but (i. Lunge and E. Berl synthesized it in cone, sulphuric 
ai id sole, by mixing In^uid sulphur dioxide, and liquid nitrogen peroxide and water 
•it --1^ -Ntt, 1 SO2 \ TLO NOillOfllMDp. h'. Uaschigsuid that hydrozynitrosyl- 
^iilphunir acnl is stiiblc in Mil|)hiinr acid soln. It is also formed by reducing 
n.itoMlsulpbonie acid with copper nr mercury in suljdiouir acid holn. The soln. 
h wiy unstable, for it quickly ducompuses into nitric oxide and sulphuric acid. 
li\<lru.\yiiitriisyl8ulpljoijic acid forms a blue soln. with cone, sulphuric acid ; with 
dll. suljdiurie and, it forms a red eolnraliou, which becomes violet when 
i ii|i[ier .sulphate is added ; it is very uiLdable, the jiroducts of iU decomposition 
OPiiii:: nitric o.xide and sulphuric and. W lih cupper and iron respecti\cly, it forms 
(MinijMiuiids of the nature of s»H.m, the soln. of which m couc. sulphuric ucid do not 
gi\c on nitric oxide on being agitated. Aecordiug to i\ Baschig, nitric oxide is 
( smInhI when nitrous and sul]>liurniis acids react in the presence of a great excess 
of sul]>huiic arid ; and if sulphuric and be ub.^enr, nitrous oxide* is evolved. In 
both LMst^s, ]iot.issium iodide was added to show if an excess of nitrous acid was 
jirfseiit. W. V. Iteynolil'i and W. H. Tnylni said that instead of a.ssuming the 
torm.itinn oFF. LLtschig's nit lUMisuI phonic acid, the phenomena arc better explained 
froiLi llip fact tii.it njtroiH arid and putas.Mum iodide in the presence of a mineral 
acid react; :ilIX02*j ^111 UNO hl2+2U20; and if sulphurous acid be also 
priseul, it is oxidized by the iodine: Ih^Os f IL204l2--H2^0442H], and the 
tvile is repeated. A trace of potassium iodide thus acts as a catalyst converting 
Miljiliuious into sulphuric acid at the expense of the nitrous acid. The reactions 
Jiiilir.iteil above by K. Divers proceed simultaneously with these changes; and 
t liijs 1 he gasooiivS product is a mixture of uitroua and nitric oxides. 

Li F, Jt!is<*hig'H theory of the lead-chamber process, niiro.'iylsulphonic acid is 
Mippriscd to react w'lth nitrous acid, forming this acid: N0,SU2.0H-FIIN02 
1 N0(0]1 )HiSD 3. lie also made the blue acid by dissolving 10 grms. of 
sodium nilrito in lOU c.c. of cone, sulphuric acid, and after shaking to 
di“i»lvp as much of the nitrite as possible, adding 10 grms. of sodium hydro- 
when the yellow soln. becomes blue. If the blue colour does not soon 
add 10 c.c. of cold water. The blue acid snlu. was also nxade by passing 
lilt 111' oxide into a mixture of 10 c.c. of a sat. soln. of copper sulphate and 200 c.c. 
I'f ('iMic. sulphuric acid. The reaction does not occur in the absence of the cuprio 
‘'Ullihule, although ferrous sulphate dnos quite well. The blue acid soln. was 
obtained by F. Roschig by the oxidation of a soln. of 1 -35 grms. of sodium hydroxy- 
iuinloiuono.Hulj)honate in 2 c.c. of water by mixing it with 10 c.c. of A^-Cu804 
c.c. of cone, sulphuric acid. The blue colour soon vanishes because the 
’^•vidutiou oonbinnes until nitrozylsulphonic acid is formed. £. Scandola said that 
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the blue acid is best obtained by mimg cone, snlphario acid with a few drops of 
nitric acid and some drops of alcohol ; and then with a cold cone. solo, of copper 
sulphate, and heating. A. Guiemann obtained the violet soln. about the cathode 
during the electrolytic reduction of a soln. of 0*00316 grm. nitrogen tnoxide per e r 
of sulphuric and of sp. gr. 1 -837 using a cunent 0-1 amp. and 1 volts. The j^ssible 
part played by hyi&cixynitrosylsulphoDic acid in the lead-chamber process for 
sulphuric acid has been discussed by G. Lunge and £. Rerl, and S. Littmann 
J, W. Doben^ncr observed a violet-blue coloration is produced durmg the rcdurtiuu 
of nitroxylsulphonic acid by the metals, and F. Raschig said that a soln of uitrosyl 
sulphonic acid in sulphuric and, or sodium nitriic in a great excess of com 
sulphuric acid is coloured violet-Llue, and a little nitric oxide is evolved, aheu 
treated with numerous organic and inorganic reducing agents — ejg. sulphurous acitl, 
hypophosphorous and, mercury, etc. 


(*uproiis oxirlo, rlilonde. biomide, iodide, or lliio^ulphate, or cuproHie fiAllfi, or redun 1 
roppri the rrdurtion m a decisive luaDnor. Tlie rpo^liou ih veiy hlnw witli loppi i 
loll r llascliig aj^italed a soln of b!l gnus of Bodium iiitiiie ui a litre ot ( oiu hulpliurn 
acid, ^ith iniiili copper foil lot 15 mmuloa, and obtouiod tho \iolei-bhiu and, be ul i 
added xiilroxylsulphonie acid to a xnixtiin^ of 10 c o ok a sak soln of roppnt Rulph j « 
\iHh 200 c c of colic Kilpbunc acid, and agitated the mivtuio afti i tho additieiii ot niPioio 
This tioln of hydroxMiitios 3 lsulphonir acid is fairly btnlilo , it is oxidi/ed hy pi)lim*>i j i 
permanganate to nitroxi Isulphorut acid mitboiit the o\ nlul ion of gob , it h IiUt u ise uxnli/ I 
by n <>oln of nit no acid in cone sulphiine and Li Lunge niici K Ibil haid lli i 
]i^dio\}Tiilros>]sulpbonic ar id is not oxidizcsi b\ ox\ ic< ii alone, but it is instantly o\id ) 
by nitrogen peroxide at 15” F Kaaoliig found that the blue [ruloralitm ih prodio cmJ u 
nsoln ot mtroxj Isulphonir oc'id in Biilphuiir and b^ siKer, cadmium, men my, aluiiiiiuiiui, 
tin, lead, aud anlimon} 'Ibe blue produeed i»itli cobalt is very uiistuble, whilo /u , 
phosphorus, bismuth, hulpbur, chromium, and urainuiii produre no blue colomli u 
Magnesium. thalUiun. arse me, and reduced nickel aii> vert active cliemiuilly, hut gi\> i 
blue coloration Si U muni and tollunum iioi t oh ^ith Rulphonic and alone *No posit i 
results were obtamed with arsenic and antimony tnoxidm, menurouK and iliioui i 
chlorides; manganous and Maimous oxkJia, caibon diHtilfdndc, zim, tm, urbcnn, m 1 
bismuth Bulpli idea , potas'iUiin fcmr>anide , iirra, oxalr , lartanc , and ritrie ai i L rj j 
their salts A blue coliiiation ls pitnluied b^ /me and an»eme phoRfilicbs, and Ion t i 
hvpopliosphite. and lesfl znoiked blue rolomtions arc^ obtained viilb had mil phi I 
stannous i blonde A vigoraiis reaction attendi d b> the development of a blue ring o 
Milh alcohol, ether, phifrol, and acotif oi id iron and the ferrous rompoiinds are \ii 
g iron, krrous chloiiile, sulpliatp, oxalate, and siilphado -while the hri 
innipcunds are inactive The coloration aiiich mine oxide produi'es uitb cupii sd^s 
Mus ol>s( rved by 1] J)eKba»a>nH de Kiehemont, anil that with ferrous salts by V A Jii 
lain— r nJt ^/ipra, lutnc oxido O W entzky considrrH that the acid is Klroag enough t li 
iilace huJpljiine arid fnim (oj>per Bul{>hato, forming capper hydroxynltroiyliulphonfc aiiiJ 
O (NC)M),)| Cu llio (op^ier and tenous oompounds liave U*en duM.UHMxl ui ( ' 
nection with the aolubibty of nitno oxide m ferrous and eupnc salt soln V b< lui 1 it 
found that hj rlroxynitroHylsulpfionie arid m cHintact with methyl, ethyl, propvl. wibur i 
or isoom) 1 alcohol gives a positive reaction , oi tvl alcohol gives an uni^ei tain reai tmu, > >< 
at A higher temp a blue roloration is forrorHlL whilst cetyl alcohol dnoe not raai L inopr if n 1 
and Mcondarv butyl alcohols both give the reaction, but methyl alcohol innnsa rr n 
lerliBiy but>l and tertiary aniyl aUobDis react easily at the onlinaiy temp witiioiu (h 
formation ot blue rompounds, which snom to appear on hcAtiiig the alcohols with un I 
alcohol at 140”- 150° (ilycenil, mannitol, erythntol, and many tarljohydrntcs gui i 
reaction , allyl alroiiol foiins only a brown nwm Jjietir, malic, and tartaric a«^ulH n i 1 
easily, citric acid with difluulty, whilst benr}l and cumainvl alcohols become icsiii " 
Nitroethane and butane give a positive, mtromethane a ni^gative insult , in the sain* 
liitrobcnrene, mtrotolueno, and tnnitrophenol do not react The eiheiw bohavc lik u 
alrohols ; of the aldehydes only formaldehyde gives the rvoction , othora become h irm 
without turning blue ( hJoial noitlier becomes resinous nor gives tlio rcactiuii, 
immndjateh givrs a brown rrsm ; tlie results were negative in tfie I'liM of licn/nht* I 
and ftabcylaldf hyde, alvn with formic, acetic, oxalic, benzoic, and cinnamic and ‘ ' 
positive with the esters of tlw acids Carbomido and unc acid giv c no rnactiun , 1 1 ‘ 

gives a reddish-brown to a bluish-groen coloration, which is dUferant from the In (> 
colour of ropper hydrozyfiiirofl> Isulphonate. Animo acid gives tlie reaction • 
inocfiamsm of the formatien of mtrosylsulphonio acid by the decomposition of alkyl nd « 
and rutnUs oon lie explained by a roactiOD between the ester and the acid whic h lcau-< ' | 

formation of alkyl sufphunc or ids ; these fomi addition ov condensation products oi 
acid with the sulphonic aad. 
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P. found tliat wken nitric acid or nitrogen oxides are dissolved in 

Bulphurio acid containing sulphur dioxide, and the sola, is exposed to moist air, 
there are indications of the formation of a dark blue compound. If a mixture 
corresponding with INO+Ug is passed into sulphuric acid, sat. with sulphur dioxide, 
and cooled at 0°, the liquid remains colourless, but when water is added veiy slowly, 
a dark blue soln. is formed. Rimilarly, when a mixture of air and nitric oxide is 
jias^ed into monohydrated sulphuric acid, sat. with sulphur dioxide, and cooled 

10 0", the bluish-violet soln. is formed at once with vigorous effervescence. With 
more cone, sulphuric acid, the liquid is at first colourless, and slowly develops the 
l)luish-violet colour. It was thought by P. Sabatier that peroxylamidosnlphonic 
aoid was formed, but there is no real evidence of this. The blue acid decomposes 
Rpoiitaiieously into sulphuric acid, sulphur dioxide, and nitric oxide, but ib is more 
stable than E. Frimy's potassium peroxylamidodisulphouate, and does not 
dtrompoae rapidly even at 100**. 

When agitated wilh air or mixed with hydrogen dioxide, persulphuric acid, 
nltiu* arid, chlorine, or putas<»ium chlorate, hydroxynitrosylsulphonic acid is 
ia])idly decolorized. Foiussiuin purclilorato and bromine act more slowly. 
\lkali chlorides arc immediately di'composc^d with evolution of hydrogen chloride 
.'iiiil (hlnrine; potassium inrlirie at once decolorizes the liquid, and iodine is 
hhcriited. Sulphurous acid is without action ; water at once decomjioses the blue 
(MiiipnuTid. Most metallic oxides and carbonates docoiiipose the soln. nf nitroso- 
Jhiilpbonic acid, and arc converted iulo sulphates. Ferric oxide, however, gives 
,j ine-rcd soln., and the same compound is formed by placiog metallic iron or a cone. 
^ ilii. of ferrous chloride or sulphate, or some particles of ferrous oxalate into tlie 
wul Ferric salts do not give this coloration, (’ujiric carbonate, oxide, or 
1 sdroxiile, metullio copper, nr any cuprous salt yields an intense blue-violet coloru- 

11 n. With copper oi cuprous salts, uitric oxide is liberated. Chromic hydroxide 
.iUo yields a very deep blue-vioJot solu., but chromium and chramous salts have no 
rji'thiii. In all these cases, the colour of the soln. of the suits is very much more 
luteiiM' than that of the acid, and the soln. themselves are more stable. A loln. 
Ilf Tilt rrisosul phonic acid or sodium nitrite in sulphuric acid is reduced not only by 
( upruus anil fernnis salts, but also by a large number of other substances, with 
jU'Bluction of the blue nitrosodiaulplionic acid. Mercury acts very rapidly, but 
•ilso rciidily decomposos the nitrosodisulphonic acid. Finely divided silver, tin, and 
•duitiLuium behave in the same way, and so also do cadmium, antimony, and lead, 
iiltlnmgh much more slowly. Zinc, even in powJcr-form, bismuth, chruniium, 
iiidiinim, sulphur, phosphorus, nickel, arsenic, thallium, and magnesium react more 
or less readily, but do not produce the blue compound. Selenium and tellurium 
behave as with eulphuiic acid alone. Arsenious anhydride, antimnnous, man- 

and stannous oxides, mercurous and chromous chlorides, carbon bisulphide, 
anil arsenic, bisinuthi tin, and zinc sulphides, potassium fcrrocyanidc, carbamide, 
and oxalic, tartaric, and citric acids gi\ e no distinct result. On the other hand, 
till* blue product is readily produced by zinc phosphide or arsenide, and by barium 
hypophosphite, loss readily by lead sulphide and stannous chloride. Alcohol, ether, 
f;lvi‘prol, and even acetic acid will produce a blue ring if added to the hydroxy- 
iutrosybulplionic acid soln. The salts are more stable than the acid, and if a cupiic 
or a ferric salt is dissolved in the nitrososulphonic acid soln. and the reducing 
‘»Kcnl8 are then allowed to act, the colour produced is much more inten.se, and ii is 
nii^erved with substances such as arsenic and zinc sulphides, bismuth, zinc powder, 
♦’b'M which do not seem to act under ordinary conditions. Sulphur dioxide reduces 
lli'* by droxynitrosylsul phonic acid only in preaence of water. The blue compound 
H furmed, for instance, if sulphur dioxide is dissolved in sulphuric acid dil. with 
third of its vol. of water, and this liquid is added to an equal vol. of the hydroiy- 
iiiinwylaulphonic acid soln. The copper salt is formed by adding copper nitrite to 
p of sulphur dioxide in sulphuric acid containing a small quantity of water, 
^ - Sabatier obtained unstable lead dtlWlndphonatob Fb( 0 N)(S 0 jd 2 , by adding 
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lead oxide, hydroxide, oi oarbonato to a blue sola, of the aoid N 0 (HB 03 ) 2 . Much 
lead sulphate is precipitated. The salt is not stable in the presence of cone, 
sulphuiio acid. 

F. Raschig tried to prove that F. Sabatier’s blue acid is the same as hydroxy- 
nitrosylsnlphonic acid, and that when nitric oxide is passed into a soln. of copper 
sulphate, in cono. sulphuric acid, the product is 

He said that hydroxynitrosylsulphouic acid is produced by the action of sulphtir 
dioxide on nitrous acid in 70 per rent, sulphuric acid as a direct product ol thr 
interaction of nitrous and sulphurous acids, and not by the reduction of chamber 
crystals — uitroxylsulphouic acid -because ho supposed that the latter canimt 
exist in less Uian 80 per cent, sulphuric acid. This assumption was shown, h} 
W. t\ Reynolds and W. H. Taylor, to be unfounded ; nitroxylsiiljihonic acid enn 
exist in the preseni c of even 00 per cent, sulphuric a<'id. Further, the blue rolour 
produced by the action of suljihiirous acid, or other redming agent, on a uitnle iti 
the presence of a cone, sulphuiic acid soln. of a copper salt, was supposed lit; 
F. Raschig to be the copper salt of F. Sabatiers acid, whereas, arronliiig io 
W. C. Reynolds and W. H. Taylor, the yiroduct is the complex whn h nitiic .ir 1 1 
forma with copper sulphate, and studied by \V. Mauchot, V, Kolilscliiilter, eti.- 
videsujira. The existence of F. Raschig a iiitrosylsulphonic m-id may therefure be 
questioned, and the same remark applies to his Ntrileiiient of the identity nf 
F. Babatier's blue acid with the product of the reaction of nitrous and snlpliurou 
acids in the presence of a copper salt. 


Kl FKRr 

> F. Rasfhig, Jovrn. 5r)^ rhtm, hd,, 30, IfW, Iftll ; Ffr., 40. 4'**^. 1907 ; 09. H. Sli. 
1927, nnd Flftdslfiff/itudifn, liOiprig, 10, 1UU7 ; Znt.unffnt i him,, lA 1303, PHi'i 

0. Wentzky, fb., 24. 3'l2, 1911; <1. Luivc and K. Birl, /b , 19. sOT, k57, SSI, 

8. Littmaim, tb., 19. Ilb7, 1900; W. Aianrlna, ib., 23. 2113, lull); 24. 1.3, 1911 ; ih , 59 ! 
2072. 1926, Ltrhig'i 372. 153,1910 ; 375. 30S, 1910; M. TrsuLz, if fifu/’t, f%m,M 

001. 1003; P. Sabatier. Vompt, Etnd„t22, 1417, 1470, l.>37, lS9fi; 123. 20.1, IHOO. Atu 

Frnn^Uf Adv. 155, IsOO ; Soc. ('htm,, {3), 17. 7S2, 1807; 4, (lUrcmann, 

anort/, Chfm„l, 101, 1894; ,F. W. Dubei einer, Srhunggrr'i Jonrn,, 8. 239, 1M2; K. Kr^in^ 
i4nn. < him, Php^., (3), 15. 408 , 1S15; V. A. Jauquolaui, i/; , (3). 7. 190, Pf' i 

14. 642, 1S42 ; A. (IruiR*, ib., IW. 202, ; E. DCftbiMsayiis do Junrn, (%m. lb r 

1,50.1, lS3.j; T- Haga, Journ, (*hcm, »SW., 85. 78, l‘H)4 , K .S( anrlctla, fhi, Pnr, Mti, t In 
Parm,], J910; \\ . (;. Kevnolda and W. H. 'la>lnr, Jriwr/i. AV. f'hrm, Ind., 31 l"IJ 
F. Ulvtr^ ib., SO. 504, 1911 ; L. Mosor, Zcil. anal. ( hitn., 50. 401, 1911 ; \. kohUbuiU 
Jkr., 37. 3044, 1004. 


§ 64. Nitnnylsalidunuc Add or Nitroaylsalphnric Acid 

This compuun J was was reported hy F. (dement and C. B. Pesorim's i to 
be formed in the lead-chamber during the muniiiucturo of sulphuric ncid, iinrl 
hence it is called c^amber-cryslaU or ImMamber crystals. F, Kaschig called tin 
compound K ilrosulfosihtre, and it has also been called nillOiylBalpliohc ucid. 
regarded as constituted NO.OtHSO,) ; it con also be called ^troiybolpbonic 
add, if it be constituted HO.SO 3 .NO 2 , or NOsfUSC^}. The former hypothec > 
fa.shionable beenuse it is the more probable one. The compound was Byuthr'-i/> d 
by 11. Davy, and was described by J. Dalton. V. Lenher and J. H. Alstln’''- 
could not prepare nittosybdeoic adi, I 10 .Se 02 .l).NU ; but they did get dinibtwl- 
•dmyl, N 02 .He 02 N 02 , or Se 0 . 2 (O.NO). 2 , by the action of nitrogen peroxide on 
coiic. selcnic acid cooled by solid carbon dioxide. The dark blue solid inelt" 
— 1 . 1 °, and decomposes above this temp, into nitrogen peroxide and seleiiio 
J. Meyer and co-workets, however, prepared nitrosylsclenic acid, N(>. 0 .fcie 03 -(Bl> 
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by the action of a large excess of liquid nitrogen trioxide on ice-cold, anhydrous 
sclenic acid. The colourlessj snow-like mass melts with decomposition at 80 *^. 
It is somewhat unstable at atm. temp., and is decomposed by water. 

Preparation of ntfroxybuIpAonic acid from sulphuric acid and niLragen oxides.-^ 
li. Aime, H. Rose, and F. Euhlmann showed that anhydrous sulphuric acid absorbs 
nitric oxide. Nitroxylsulphonic acid is produced when cone, sulphuric acid is 
lren1>o(l with one of the nitrogen oxides other than nitrous oxide. Thus, A. Bussy, 
K. U. de la Provostaye, 0 . Henry and A. A. Plisson, and C. A. Winkler used nitric 
oxide, or a mixture of nitric oxide and oxygen — but, according to J. J. Berzelius, 
and J. L. Gay Lussac, nitric oxide is not absorbed by the acid ; C. Weltzien, dry 
iiilrogen trioxide ; J. L. Gay Lussac, A. Rose, and R. Weber, nitrogen peroxide ; 
Njj()4-|-Hj{S04--=HN03+N02lIS0j|, and, added H. 6. de Claubry,the formation of 
ratals is much accelerated if the vessel be filled with nitric oxide. A. Rose distilled 
.1 jiiixture of cone, nitric and sulphuric acids and obtained as a residue a soln. 
Ilf uitrosylsulidinnic acid in sulphuric acid, and M. Scaulan distilled a mixture of 
piitassiuin nitrate in cone, sulphuric acid and obtained a crystalliuc mass towards 
1 lie cud of tho operation This was thought to be a potassium salt by the acid. He 
til'll) found that if putasMum nitritic be dissolved in sulphuric acid, the soln. has all 
i ho T»^'irtions of a soln. of nitroxylsulphonic add in sulphuric acid. G. B. Taylor and 
10 workers represent the reaction; | U 2804= HNOg+N OHS O4. According 

lo A. Siiurourchc, a mixture nf equimolar proportions of nitric oxide and nitrogen 
\H roxi'li' behaves towards sulphuric acid like nitrogen trioxide. Although the pro- 
pnrl If 111 of the Irioxiilc actually formed is .small, yet it servos as an intermediate com- 
jimiml ill the soln, : NO^-Nl52“ and ^203-! 2ll2S04=H20+2(N0.US04). 

Pnpuraiionfrorn sulphur /rwun/c, mtrugen oxides, and water,— I . W. Dobereiner 
olit.iiLiediiitroxylsu 1 ])hoiiicacid by bringing the vup. of sulphur trioxide in contact 
Willi fuming nitric acid ; H. G. de Clauhry obtained it from a mixture of sulphur 
trifixiiie, nitrogen peroxide, uud a little water; and F. Kuhlmann, by allowing 
niiiiioliyilrutcd nitric acid, cooled by a freezing mixture, to absorb the vap. of sulphur 
ilioxide. When the liquid thus obtained is distilled, it first ex^olves oxygen and 
nitrogen pero.xide. und afterwards a sublimate of white needles collects, and the 
residue is a soln. of nitroxylsulphonic acid in sulphuric acid. 

Preparation from a mixture of sulphur dtoxidc, nitrtsjen oxides with or without 
oi f/f n, and u liitle water,— -Q, Lunge found that nitric oxide and sulphur dioxide do 
not react at UK)°, aud that the tw<i gases react in the presence of water and in 
t he iihseiico of oxygen, so that in a few hours the nitric oxide is all reduced to nitrous 
oxele, but not to nitrogen ; but if dil. sulphuric acid, sp. gr. 1 * 32 , is employed instead 
of water, the reduction doc.s not occur; instead, the nitric oxide, sulphur dioxide, and 
water react to form nitroxylsulphonic arid. According to H. Davy, a mixture of 
Hiilphiir dioxide, nitrogen peroxide, and water produces crystals of nitroxylsulphonic 
aciil ; hilt sulphur dioxide has no action on nitric oxide, nor on nitrogen peroxide 
VH]). ho long as water is not present — the admission of a trace of water then leads to 
t ho formation of the crystals of nitroxylsulphonic acid. C. A. AVinkler also said that 
nitrogen peroxide and sulphur dioxide in an atm. of carbon dioxide react only in the 
preaence of moisture. H. Keiiisch observed the formation of crystals of nitroxyl- 
siilpbonic acid when a mixture of sulphur and potassium nitrate ( 1 ; 3 ) is inflamed 
under a large bcll-jai. According to II. G. de Olaubry, liquid sulphur dioxide 
mixes, but docs not react with liquid nitrogen peroxide at —20'', but on the addition 

a single drop of water, there is a violent di.sengagemeiit of gas attended by ^e 
f'^riiuition of crystals of nitroxj'lsnlphonic acid. The crystals can be washed with 
hqiiid nitrogen peroxide, and dried in vacuo or in a stream of air at 20 ®- 30 “. The 
n‘ru tion was also studied by F. H. de la Provostaye, K. Muller, and G. Lunge and 
K. Rerl. If a mixture of dried nil rogen peroxide aud sulphur dioxide be pass^ into 
a large, flask whose interior is moistened with a layer of cone, sulphuric acid, ciyslals 
?f this acid are formed. F. Beatini also noticed that if sulphur dioxide be dropped 
uiiric acid, red fumes are evolved and crystals of nitroxylsulphonic acid are 
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formed ; and R. Weber prepared the acid by passing snlphiu dioxide into well- 
cooled fuming nitric acid until a mush of crystals is formed, but not until the nitrio 
acid is all decomposed. The crystals are dried on porous tiles over cone, sulphurio 
acid. W. A. Tilden made nitroxylsulphonic acid by leading nitrosylchloride (by 
heating aqua regia) into cone, sulphuric acid. 

Analyses in agreenipnt with the empirical formula N02-HS03 were made by 
W. Henry, H, G, do Ulaubry, T. ThomsoUi C. Weltzien, R. Miiller, and R. Weber. 
The products obtained by scvpral different methods of preparation were found by 
6. A. Elliott and fellow-workers to furnish a substance with the same crystalline 
form, and m.p. Fractional crystallization from sulphuric acid did not efiect any 
change. Hence, the existence of non-dynamic isomerides is improbable, although 
the acid may be tautomeric. P. Raachig preferred the formula nitToByh^dfhuric 
acid,i ) : N.O.SO2.OII, tofiiitwylsulphonicaad, U0.S02.N02,Biiice,asC. A. Michaelis 
and 0. Sclmmann hliowed, it reacts with phosphorus pentachloride : NO.O.HSOa 
+PCI5— II(L1)S03-| NOCl-l-rOCl3 ; and, according to Cl. A. Girard and J. A. Pabst, 
with sodium rliluride, or bromide, forming the respective nitrosyl halide. The 
analogies withNUoOll-fIIO.llHO2-.-NJl2.8O2.OH f lIoO.andHO.NOg-fllO.IINO, 
— H2O-fN02.1lH0j, also favour the NO.O.HHO3 fomiula. He also cited as 
evidence in favour of Ibis formula the oxidation of hydroxyimidomonosulphoinr 
acid by Caro's acid to form liydroxynitrosylsulphonic Bcid*(7.v.). According to 
li. H. Milligan and (}. R. Gillette, nitroxylsulphonic acid made from nitrous and 
sulphuric acids: IINO^ f 110804^X011804 -flloO, may be regarded as nitrous 
acid stabilized by solii. in cone, sulphuric acid ; for when solid nitrosyLsulphum* 
acid crj’atallizes from the soln,, it is simply that the system has become super 
saturated with respect to this particular compound, under the conditions of 
the experiment. The dilution of the sulphuric acid with water decreases the 
stability of the nitrosylsulphuric acid ; nitrous arid is ro-lormed, and is decompo.seil 
at least partially into nitric oxide and nitric aeid. G. Lunge and E. Bed said that 
the formation of the acid from sulphur dioxide and nitric acid favours the nitroxvl 
formula ; while its formation from sulphuric acid and nitrogen tiioxide favours tin* 
nitrosyl formula. In many of its reactions, the acid behaves like a nitroxvl 
compound. W, A. Tilden showed that the crystallized acid furnishes nitro.^'U 
chloride and sulphuric acid wlicn treated with hyrlrogcn chloride at ordinary tciu]) 
The reaction is reversible. This agrees with the assumption that the acid coiilaiii'' 
the nilrosyl-group, and this is more definitely suggested by the re.action between 
the acid and benzoyl cliloride, producing according to 0 . A. KUiott and co-workers, 
dibcnzoylsulphuric acid, 802(0.00.04115)2, the formation of which can be ex- 
plained only on the assumption that the acid contains both a hydroxyl and nitrosyl 
group. The fir-st stage of the reaction can be symbolized: HO.SOo.O.NO 
-fC5H5CO,Cl-=NOCl-f 110.802.0.00,04115. and the second stage : CellsCO.d 
+HO.8O2,O.0O.r4H4-HCl-l C4riB.00.0.802.0.C0.04H5, The action of acetyl 
chloride, and of acetic anhydride investigated by A. J, van Peski, yielded 
similar evidence. G. A. Elliutt found that nitroxylsulphonic acid reacts witli 
ether, producing ethyl nitrate, and hydrosulphate; (02H5)20+IIO.S02.0.NO 
=C2II5.HS04+02 IIb.O.NO ; ethyl hydrosulphate and soln. of nitroxylsulphonic 
acid gave no nitiocthane as would be expected to result if the acid had the NO2- 
structure. G. A. Elliott and co-workers agree with J. Biehiinger and W. Borsum 
that both p-nitro- and p-nitrosodimothylaniline are produced by the action of a 
sulphuric acid soln. of dimcthylaniline on solid sodium nitrite ; and they observed 
in addition that (i) the percentage yield of thep-nitro-derivative increases with thi* 
excess of nitroxylsulphuric acid used in the reaction mixture, (ii) If an excess of 
dimethylaniline is used, no oxides of nitrogen are produced by pouring the mixture 
on ice and no p-nitro-derivative is obtained, (iii) When an excess of nitroxyl- 
sulphuric acid is present, and the mixture is poured into absolute alcohol or dry 
ether, no p-nitro-derivative is obtained. Both these solvents rapidly decompose 
nitroxylsulphuric acid, forming ethyl nitrite and ethyl hydrogen sulphate. 
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(iv) When ciystalline nitroxylfiiilphuric acid is added to a sola, of diroethylaniline 
in dil. sulphuric acid (2N-), in which the former acid is immediately decomposed, 
both the p-nitrc- and the p-nitroso-derivative are obtained, (v) If a soln. of 
dimothylaniline in cone, sulphuric acid is added to a dil. soln. of nitric acid (10 per 
emit.) or of potassium nitrite (5 per cent.), the p-nitio-deri vativc is f ormed. (vi) No 
sulphur dioxide could be detected in any of the expcnincnts. All these facts are in 
arrord with the view that the p-nitrodimethylaniline is not produced by the action 
of a presumed nibrosulphonic acid, but is a secondary product obtained by pouring 
the reaction mixture on ice, and is produced either by secondary oxidation of the 
ijitroso-compouud or by direct nitration of the dimethylanilinc. The results of 
J. Hieliringcr and W. Borsum do not establish, therefore, the existence of nitroxyl- 
Milphonic acid or the possibility of tautomerism. 

The fact that no salts - lulliaybll]llhonates--haye been prepared from nitroxyl- 
siilphonic acid might serve os an argument that it is not an acid at all. (!!. Schultz- 
Sella rk obtained what can be regarded os potassiam nitroxylsulphonate, KSO3.N O2, 
iir K0.S()2-0.N0, bo far as mere composiliou goes, by the aclion of dry liquid 
^ul]diur dioxide on potassium nitrate ; it is decomposed by a trace of water. Thoio 
is no dcliiiLto evidence of the conversion of the acid into nitroxylsulphonic anhydride, 
(X().().S()2)20, although E. Berl said that it is formed by the action of uifrie oxide 
(iij hiilphur trioxide, or of suljihur dioxirle on well cooled nitrogen peiitoxidc. 

While favouring the formula HO.SOj.O.NO rather than li(). 802 .N 02 , 
tl. A. Elliott and co-workers said that the structuro 

SO,<®>N.OH 

iiicriis consideration, because (i) an acid of this type would lose water on heating 
In ^M\e an anhydride of the structuro SOo— 02=N.0.N--=02- SO2, a change which 
IS ]r[iiallal to the conversion of nitric acid into nitrogen peutoxiile. (ii) It offers 
fill explanation of the great difficulty of replacing both the hydroxyl groups of 
Miljiliuric acid by the nitroso-group. (iii) The structure is in accord with the 
iiU'lliods of synthesis of the acid, (iv) The behaviour of tlie acid on reduction is 
i!i(iri< 111 accord with this structure than with the nitroso-structure. (v) Tho 
huitliesis of the anhydride from sulphur dioxide and nitrogen pent oxide, observed 
by E. Berl, is readily explicable in terms of the above formula : 

RO,+q^ N.O.N , Q-j BO,=-O^S<[J>N.O.N<q>SO, (iii) 

and so is the production of the anhydride from nitrogen tetruxide and sulphur 
dioxide observed by F. 0. de la Provostaye, in which reaction nitrogen trioxide 
I'l a by-product : 

so, \ ^’“•N.O.N : 0+0 : N.0.N^y+S0,=0,S<y>N.0.N<Q>S0, \ N, 0 , 

J. Riehringer and W. Borsum suggested that nitiosylsulphuric acid exists in 
two tautomeric forms, HO.S02.0 .NOf^ 110.S02.N02, which arc in equilibrium in 
« one. sulphuric acid soln. and in tbe molten state. In Bup)ioit of tliis, they found 
tliat in some oases it can react simultaneously as two ditlcrent aciils, for, when 
a soln. of dimctbylaniline in cone, sulphuric acid is slowly treated with the 
n'rjuisitc amount of sodium nitrite, both p-niirodiiiiethylaiuliue and p-nitioso- 
ilimethylaniliue are produced, the former represents the uitro.syl-neid and the 
latter the nitmxyl-acid. At 10® to ir>®, the yields are resjHTfnely 8-M and 7-45 
cx'nt., and at 28 ® to 30 ®, 42-83 and 30-33 pcT cent. This shows that the 
^utrosyl-form of the acid is favoured at the higher temp. 

d • 1j. Gay Lussao described the crystals as four-sided prisms ; 6. A. Elliott aurl 
co-workers, and R. Muller, as rhombic prisms ; and F. H, dc la Provostaye, as coloiir- 
lobB,ttausparent|laminatcdji feathery, or granular masses of crystals. C.Weltzien 
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Baid the acid melts at 73 ° giving ofi red vapours ; and 0 . A. Elliott and co- workers 
said that the rhombic prisms melt at 73 * 5 ° ; while W. A. Tilden gave B 5 °-'B 7 ° for 
the m.p, F. H. de la Provostaye found that an oily liquid is produced when thr 
acid is heated, and the more the crystals are contaminated with sulphuric acid thn 
lower the m.p. Fusion occurs at ( 30 °, and tho liquid may be under-cooled to lO*", 
and it then solidifies when shaken, and much heat is evolved, which, according to 
W. Henry, T. Thomson, and H. G. de Claubry, causes the acid to decompose. The 
last-named also found that at 50 ”, the crystals begin to give oil nitric oxide anil 
nitrogen peroxide ; the remaining solid sottens at 100° and fuses between 120° and 
130 °, disengaging at the same time much nitrogen peroxide ; at 200 ° a little nitm 
acid is also given off ; at 280 *', nitric acid is still evolved ami the yellowish-rod liquul 
is transparent ; and at 357°, nearly colourless sulphuric acid collects as a disiillati* 
which gives off nitric oxide when treated with water. W. Henry said the crystals 
do not decompose at 104 * 4 °, and they give ofi gas at 138 °. Thc.se various state 
ments are so much at varianre that if the thermometers were right, the compounds 
tested were chemically difiiTont. C. A. Michaelis and 0 . Schumann considercil 
that dinitrosylpyrosulphuric acid is formed nt un intermediate stage in the 
thermal decomposition of nitroxybulphonic arid: N02.S()o.'0li+H0.S02>N0» 
^N02.S0n.0.S()o.N02+H2G. G. A. Elliott added that tho reaction N6.0.sd2.0il 
+N0.0.S02 .C)Hc-X0.0.SUo.0.S0o. 0II-1-HN02 is also po.s.siblc, but the chanmi in 
the nitrous arid content of the system favours the former hypoLhesis. H. L Schlch- 
ingpr and A. Salathe studied the absorption siMctrum of nitroxyl sulphuric aciit 
(}. B. Taylor ami co-workcrs represented the result of electrolyzing uitrox\l 
sulphonic acid in a partitioned cell by: N()HS(J4+2Il20--JINOa 1 112^04-1 iJ_i 
+2 farads, fn practice, the nitric acid or niiroxysulphonic acid diffuses through 
the diaphragm, and i.s reduced to nitric oxide and some free nitrogen. 

W. Henry said that nitroxylsulphonic acid stains the skin yellow. G. Lunge 
and E. Berl discussed the possible role played by this oouipound as a currier nl 
oxygen in tho manufacture of sulpliuric acid by the chamber process. The crystdl 
rapidly disholve in water with the discngugcniciit of licat, and tho evolution of nitiu 
oxide, and there remains sulphuric acid with much nitric oxide in sola. — the gas 
is expelled by boiling tlic liquid, but in air, some nitric oxide is converted into 
nitrogen peroxide which forms nitrio arid— according to W. Jleury ; and hutli 
nitric and nitrous acids, according to U. (7. dc Olaubry. If air be excluded, 
A. Rose, and T. Thomson showed that the sulphuric acid is free from nitrjf' 
acid. C. F. Kammelsberg and J. Philipp represented the reactions by 
16 NO 2 n 8 O 3 + 0 H 2 O-lCIIzSO 4 + 4 NO+ 2 HNO 3 H- 5 N 2 O!„ an equation which lonl.^ 
more like an algebraic exercise than a representation of a chemical process. Accord- 
iiig to G. Lunge, nitrous acid is first formed : NO2II8O3 1 fl2(l 1J2804+HN02 ' 
the nitrous acid then decomposes: 3HN02-=-llN03+2N0-| and if a very 

smull proportion of water is used, 2KO2HSO3-I-H2O— 2II28U4 I-N2O3, According 
to 8. L. Dana, Ic^s red vapours are developed if the reaction occurs in an atm. oi 
an inert gas — carbon dioxide, hydrogen or nitrogen- and the soln. appears at lirsl 
blue, then green, and lastly yellow. When the crystals are laid on snow, they melt, 
and sinking in the snow, impart to it a dark blue colour, while the temp, inuy fall 
down to — 26-7 , when no further action takes place. C. A. Girard and J. A. Pabsl * 
obsiTvations on tlic action of sodium chloride and taomide havf' been 
above. J. W. Dobereiner showed that when tho soln. of nitroxylsulphonic acid m 
sulphuric acid is distilled with sulphury it yields nitric oxide, sulphur dioxide, and 
a white sublimate ; and when treated with hydrogen sulphi^ sulphur with a red 
colour is first precipitated, the colour then turns yellow, and sulphur dioxide 1 > 
rapidly evolved. E. Fremy said that BUlphur diOlide decomposes the urystaL 
of nitroxysulphonic acid, forming nitrous oxide; and, according to R. Wclier, tlift 
sob. of nitroxylsulphonic acid m sulphuric acid is partly demuiposed by that gas. 
and G. Lunge lepiesents the reaction : 2N02HS03-f-B02-H^H20^2N0+3U2S^s‘ 
E. Sorel found that at a high temp., with a deficiency of oxygen and an excess of 
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water, mlroxylsulphonic acid is reduced, while at a low temp., with plenty of 
oxygen, and cone, arid, uitroxyleulplionic acid is formed. The solubility of 
]iitroxylsalphonic acid in solphilric aoid was oLsctYcd by J. W, Dobereiner, 
J. iT. Berzelius, 11. Wober, S. L. Dana, and K. Muller. The solubility is greater tho 
more rone, the sulphuric acid, and increases with the temp., so that by cooling 
Ihe hot sat, soln. crystals separate out, and H. Muller found that they are but 
hligliily decomposed. Ot. A. Elliott and co-workcrs found that the solubility, 
LTins. of nitruxyNiil phonic arid per IfX) grms. of soln., in sulphuric ucid contaioing 
ji per ccut. II 2 SO 4 , IS : 
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(J liUngp and E. Weintraiib showed that when nitrogen peroxide is mixed with 
sulphuric acid, nilroxylsulphoiiie acid and nitric acid arc formed, but since the 
ii‘vcr'«e change may also occur, the mixliire contains all four compounds, and a 
^l:ite of e(|uilibriuin is attained. ( 1 ) When sulphuric acid of sp. gr. 1*B4 is 
iniploypd, the conversion of nitrogen peroxide into nitroxylsuljihonic and jiitric 
III I'Is is the main reactiou, the reverse reaction only coining into proiuiuence 
\\hrn the quantity of sulphuric acid is small. ( 2 ) The alVmity of sulphuric acid 
hu nitric peroxide decrcasps rapidly as the amount of water is increased, hence 
Willi sulphuric acid of sp. gr. I'Cil a lanre proportion of the peroxide remains 
iinroinliincd, although the quantity of nitric acid present is small. (3) In the 
ijianiifacturi* of sulphuric acid, tlie nitrogen jicroxiiie is almost completely con- 
\ciipd into nitruxylsiilphoiuc arid and nitric acid, owing to the presence of a 
liirge excess of sulphuric acid, and similarly, nitrous fumes are completely absorbed 
liV a large excess of sulphuric acni. R. Weber showed that the soln. of nitroxyl- 
Milpluiiiic aoid in sulphuric acid can be distilled without losing nitrous acid. 

Lunge also made some observations on this subject. G. A. Elliott and co- 
worki^s rlid not succeed in dehydrating nitroxjlsulphonic acid by cooling a sat, 
►'Olii, in per cent, sulphuric acid at SU"*. Kitroxylbulphonic acid, iurlcpd, can 
i'\i«t in sat. soln. in sulphuric acid at 300°. This is remarkable in view of the loss 
of Wiiter when hulphuric acid alone is heated. II. 1. Schlesiugcr and A. Salathe 
miMsured the ubsorjitioii spectrum of sulphuric acid soln. of uitruxylMilphouic acid. 
T. Thomson ob.spr\ed that no dpcomposition occurs when nitroxylsulphonic acid is 
trifurnted with Bmmomam carbonate ; and J. Vclou/c, that ammonium sulphate 
I'Mcis \iith a soln. rd nitroxylsulphonic acid in cone, sulphuric acid at 160°, giving uil 
liitroaeii gas. J, W. Dobereiner found that with the same acid menstruum at 62° 
phosphorus inflame^ with the cmis.sion of red sparks. G. A. Elliott and co-workers 
I mind that wifli phosphorus peutoxide, no anhydride is formed- nitroxylsulphonic 
in the main product, being probably formed by a recombination of the products 
'd der'fjinposition during the distillation. C. A. MichaelLs and 0. Schumann's 
observations on the action of phosphorus pentachloride have been already 
desi'rilicd. 

n. G, de Claubry found that when uitioxylsulpb ouic acid is heated with mercuiyy 
tberc is formed mercuric sulphate, sulphur dioxide, nitric oxide, nnd nitrogen ; and 

ljunge said that when a soln. in cone, sulphuric acid is shaken with mercury, 
nitric oxide nnd sulphuric acid are quantitatively formed; and F. Uaschig 
clHcrved that the reaction is completely inhibited by mercury, possibly with the 
b‘rmatioiiof hydroxynitrosylsulphonir acid. A. Graire found that the acid is not 
fp Juced further than nitric oxide by agitation with mercury ; but if sulphur dioxide 
present, some nitrous oxide may be formed, J. W. Dobereiner found that a soln. 
"f nitroxylsulphonic acid in cone, sulphuric acid oxidizes mercury ; copper, silycr, 
and iron, and the liquid is coloured red, violet-blue, or purple; and 
'L J. Berzelius added that nitric oxide is at the same time evolved, J. W. Ddberciuci 



702 


INOKGANIC AND THEOBETICAL CHEMISTRY 


also found that brroiUI Bulphide is coloured a bright red. H. 0 . de Claubry 
showed that when nitroxylsulphonic acid is treated with manganese axide» the 
solid becomes red-hot; and with barinm oxide, the reaction is more vigorous, 
forming baiium mono- and di-oxides, sulphate, and nitrate ; while 
J. W. Doberoiner found that when potBssinm hjdiozide, caldum oxide, or 
magnesium oxide is mixed with a soln. of uitroxylsulphonic acid in sulphuric acid, 
much heat is evolved, and nitric oxide is vigorously evolved ; with potasslam 
nitrate, there is much frothing, and nitrogen peroxide is given oil. T. Thomson 
showed that when niiroxylsidplionic acid is triturated with potassium hydro- 
carhonate, nitric oxide is evolved which gives red fumes in air, and finally a mush 
is produced which contains the alkali carbonate, sulphate, and a trace of nitrate. 
J. W. Dobereiner observed that a soln. of nitroxylsulphonic acid in sulphuric acid 
is decomposed by alcohol, ether, sugar, or staicL 
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§ 65. Nitrosyl and Nitroxyl Compounds ol Pyrosnlphuric Add 

11 . Ruse,^ G. Aime, and K. Kuhlmann showed that sulphur trioxide absorbs 
nitric oxide, forming dmitrosylpyrosulphuryl, N203.2S0a, or NU.U.S2O5.O.NO, 
according to A. Bnining, 38O3-I 2NO— 802H-N203.2803. A. Morren claimed to 
have obtained the same product by passing a silent cQschargc through a dry mixture 
of oxygen, nitrogen, and sulphur dioxide; and M, Chevrier, and M. Beitholot 
obtained it by the action of the electric discharge on a mixture of sulphur vapour 
and nitrous oxide. According to F. H. de la Provostaye, when a mixture of liquid 
sulphur dioxide and nitrogen peroxide is scaled in a glass tube at ordinary temp.i 
hoaL is evolved, and a greenish liquid is formed which deposits crystals of this 
compound. When the tube is opened, an explosion occurs unless the tube is sui- 
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rounded by a freezing mixture. No reaction occurs between the liquids under atm. 
press. When sulphur trioxide is brought in contact with a liquid mixture of sulphur 
dioxide and nitrogen peroxide, this compound is immediately formed. Q. Lunge 
and E. Berl consider that the product of the reaction between Uquid sulphur dioxide 
and nitrogen peroxide is not this substance at aU, but hydroxynitroxysulphonic 
ni id-HTuie supra. B. Weber obtained dinitrosylp3rro3ulphuryl by heating nitrosyl- 
nitroxypyroBulphuryl— otde infra i and C. A. MichaeUs and 0 . Schumann said 
that it is formed in an intermediate stage of the decomposition of nitroxylsulphonio 
urid. 

F. H. de la Frovostaye reported that the crystals consist of regular, rectangular 
prisms with the opposite lateral edges truncated ; or a white mass of silky needles. 
The sp. gr. is 2 - 14 . A. Briining found the m.p. to be 217 °, and F. H. de la Frovostaye 
said that the compound begins to melt at 217 °, and becomes quite fluid at 230 °. 
The fused mixture near its b.p. is yellowish-red; on cooling to 230 °, it is yellow; 
and it begins to solidify at 217 °. The solid is transparent at 1U0°, and below this 
temp, it appears opaque and greenish-yellow, and is while when cold. The b.p. 
is 3 rj 7 ' 3 °,tbe same as mercury, and it sublimes without decomposition. H. Bose 
added that the hard white solid does not fume in air. F. II. de la Frovostaye said 
that it stains the skin at first dark red, then yellow, and then slightly blackish. 
A. Briining, and > 1 . Bose found that the compound attracts moisture from the air, 
and loses some nitrogen trioxide ; H. Bose, and B. Weber said that the compound 
dissolves rapidly in water, forming sulphuric and nitric acids with the evolution of 
nitric oxide ; aq. sole, of salts and alkalies act very much like water. II. Bose found 
it to dissolve freely in cold cone, sulphuric acid ; but F. H. de la Frovostaye said 
that it dues not dissolve in cold acid, and only slowly in the hot cone, acid, from 
which soln., crystals of nitrozylaulphonic acid are deposited. The compound fuses 
in a current of amuinnia, there is a great rise of temp . and a yellowish mass is formed 
which becomes white ammonium sulphate ; witli the fused compound ammonia 
fiirins ammonium hydrosulphatc with the evolution of nitrogen : N20s.2S03-f 4NH3 
2NU4HSO4-I-2N2-I-H2O. Dry barium oxide does not act on the compound at 
orilinary temp., but when heated the mass becomes incandescent, forming barium 
su1])hate with the evolution of red fumes ; mercury, also, has no action at ordinary 
temp., but when heated, mercuric sulphate is formed with the evolution of nitric 
oxide and sulphur dioxide. H. Rose found it converts alcohol into ethyl nitrite 
without forming red fumes. 

According to B. Weber, ^ if a slow current of the vapour of sulphur trioxido be 
passed into cold hydrated nitric acid, a solid mass of cr}'stals of mononitrosylpyro- 
sulphuric acids H0.S206(N02).Il20, is jiroducpd. The crystals can be drained and 
dried on a porous tile over cone, sulphuric acid. The colourless crystals are very 
dnliquesceut ; they give off brown fumes when heated, and a sublimate of nitroxyl- 
siilphuric acid. They dissolve in water, forming sulphuric and nitric acids, No 
sidts have been reported. A. Ilantzsck and L. Wolf regard this product as nitronium 
pyrogulphate, {N0(0H)2}.HS.207, or {N(0£I]3}.S.207. G. Oddo and A. Uasalino 
obtained nitrMylpyzosiilphuzyl, NO.O.SO2 — 0 - 802 - 0 .N 0 , by the action of 
sulphur trioxide on nitrogen peroxide (j.r.). ^ 

B. Weber 3 also reported what has been regarded as nitrosylnitroxylpyro- 
sulphuiyl. N2O4.2SO3, or NO.S2O7.NO2, to be formed bypassing nitrogen peroxide 
into anhydrous sulphuric acid ; if a rise of temp, is prevented, when the acid is sat., 

^ white crystalline mass is formed which with a stronger heating gives ofi oxygen 
and produces dinitrosylpyrosulphuryl. B. Weber suggested that the product may 
be a mixture of N2P8.2S(4 and N2O6.2SO3. 
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§ 66. DerivBtiveB ol AmidoptaosiihOKnu and Amidophosphoric Adda 

The ammonia deriratives of phoiphorous acid can be convenieTitly regarded 
08 subHtittttion producia obtained when the aimdo- or NU2-group repLiccs tbe 
hydroxyl group of the parent phosphoroue acid : 

OH /NH, NH, 

OH P OH P'NH. P\NH, 

'OH ^OH ^OH NH, 

PhoophorDiu add. MoiiaiiildophobphorouB add. DlamidophoBpliorous add. Fbospliuruiiii Iriamlde 

The monam idophosphorms acid has not been obtained ; but diamidophosphorous 
add, (Nll 2 ) 2 l’ 011 , was made in 1801 , by T.E. Thoipo and A. E. 11 . Tulton,^ bv 
the action of ammonia on a soln. of phosphorous oxide in etlier or beiizeTU‘, 
The reaction is symbolized: P^Ob+SNHj- 4 (Nn 2 ) 2 P( 01 Ij+ 2 HjO, followed by 
2U2O-I (NH2)2P(0n)~(NH40)2P(0H); or summating the two eijuations ; P^Og 
+8NHg-=(NH40)2p(OH)+3(NH2)2P(0H). The product is a white solid wliieb 
when heated in a test-tube gives ofi ammonia, and then fuses and sublimes. It dis- 
solves in water with such great violence that the mass becomes incandescent. Wheji 
treated with hydrochloric acid, ammonium chloride and phosphorous arid are 
formed; the reaction can be symbolized: HO.P(NH2)2+2H01+2H2O- 2N1T4C'1 
+P(0H)3, but the heat of the reaction is so great that the compound is partiall) 
resolved into phosphorus, phosphoric acid, and phosphine, which does not inflame 
spontaneously on exposure to the air. The substituted ammonias also react with 
the ethereal soln. of phosphorous oxide, forming the corresponding substituted 
diamides. Phosphorous triamide, or the normal phosphorous amide, has bren 
previously discussed. 

The following scries of amidophosphoric acids has been reported : 

.OH NH, NH, Nllj 

0-p(OH 0=P(0H 0 =P NH, 0 P^'nII, 

^OH OH 'OH NH, 

PluMphoilo acid. MonamliDplioiphoilc add. DlAialdDphDBpborlr add. rho8])lioiU irlanilili*. 

Diamidophosphoric add was found by H. N. Stokes^ to unite with the 
elements of water, or rather with the bases, forming a series of salts of a peut.i- 
basic acid, trihydioipdiaiiiidophosphorio add, (NH2)2p(0H)3, in which the 
amido-gioups can play a similar fdle to that of hydroxyl, because their hydrogen 
atoms can be replaced by a metal. If silver diamidophosphate, (NH2)2PO.OAg, 
be treated with potassium hydroxide, a colourless, gelatinous mass, possibly 
dipofaunam silver trihydroipftiamidophoephate, (NH2)P(OE)2(OAg], is formed. 
This substance fuinishes needle-like crystals of potaidiun di^ver trihydrosy- 
diaumUophOBphate, (NH2)2P(OK)(OAg)2. When these crystals are washed with 
ice-cold water, they decompose, forming potassium diamidophosphate and trisilver 
trihydioirdiaiiiidopliiisphate, (NH 2 ) 2 P( 0 Ag) 8 . 2 H 20 . The yellow compound loses 
its water of crystallization at and it then appears orange-red. It is 
immediately decomposed by boiling water, forming a reddish-brown amorphous 
mass which, after boiling a few minutes, consists of (etrasilver hydiotriliydraiy” 
diamidophoqdmte, F(NHAg) 2 ( 0 Ag) 2 ( 0 ^. If gelatinous dipotassium silvej 
trihydroxy diamidophosphate be mixed with water, and treated with carbon dioxide, 
in &e cold, a yellowiA-red flooculent substance, resembling ferric hydroxide, 
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Bcpaiates out. After washing by deoantation with water^ and drying over Bulphuzio 
aoid in vacuo, for a few daySi the red powder has a composition the same as that 
of the preceding salt, but is thought to be tetrasilVBr 

P(NH 2 )(NHAg)( 0 Ag) 8 . When freshly made, it may be the same as the preceding 
Halt. The freshly prepared salt docs not change under cold water, but in boiling 
water it forms a compact powder which is almost black and which does not detonate 
by friction. The powder which has been drying for some days over sulphuric 
mi detonates when heated, exhibiting a reddish flame and giving oS ammoniacal 
fumes. If treated with cone, sulphuric acid the mass inflames ; and boiling water 
converts it into a red powder which contains more phosphorus and silver than the 
original salt. If gelatinous dipotassium silver trihydioxydiamidophosphate be 
diluted with water to which 2 or 3 per cent, of potassium hydroxide has been 
added, and boiled, the soln. becomes red, then turbid, and deposits a dark brown 
mass, which is washed by decantation with boiling water, and digestion with a 
'2 3 per cent. solo, of potassium hydroxide, then washed with boiling water, by 
.suction, and dried over sulphuric acid. The product is pentasilver tritaydioxy- 
diamidophoBphatBt P(NUAg) 2 ( 0 Ag) 3 . It explodes very readily by friction, by 
heat, or by treatment with cone, sulphuric acid. 

H. N. Riokes prepared monamidophosphoilc add* (NH2)PO(OH)2, by 
hyilrolyziug diphenylamidophosphate, (NH 2 )PO(OCbH 5 ) 2 , with a soln. of potassium 
or sodium hydroxide; by the action of ammonia on silver phosphate; by 
liydrolyziug the product of the action of ammonia on dicthylmonocldorophosphate ; 
uiirl by the action of nitrous acid on diamidophosphoric acid. The acid is best 
ohiained by converting the alkali salt into the lead salt, which is then suspended 
m water at 0 °, and treated with hydrogen sulphide. The clear filtrate is mixed 
with five times its vol. of alcoliul, and the acid is precipitated as a mass of tabular, 
or anisotropic, cubic crystals. The acid has also been called phosphamic acid, 
and phosphamvlic acid. Monamidophosphoric acid is readily soluble in water, 
hut insoluble in alcohol. The aq. soln. has a sweetish taste ; and gradually changes 
iiiio ammonium dihydrogen phosphate. The change is rapid in hot soln. The 
lirst sign of change is the white precipitate which is formed when silver nitrate 
is added to the soln. The aq. soln. does not give ammonia when heated with 
•ilkiili-lye. The dibasic acid forms two series of salts, MH(NH 2 )P 02 ,andM 2 (Nli 2 )P 03 . 
The suits are produced when soln. of the metal salts are added to the alkali salt 
Holn. In aq. soln., the salt passes slowly into an ordinary phosphate. With 
phenolphthaleiu, methyl-oraiigp, or litmus as indicator there is no sharp change 
during the passage from the free acid to the neutral salt. 

II.N.Stokcs, and A. Sabancefi prepared ammonium bydionumamidophogpliate, 
(Nll 2 )F()(OH)(ONlJ 4 ), by the action of ammonium sulphide on the acid or neutral 
silver salt, followed by precipitating the clear soln. with alcohol ; also by adding 
alcohol to a soln. of the normal ammonium salt. The acicular crystals are 
stable, but decompose at 120'’ without melting— the residue melts at about 3013*’. 
A. Sabaneefi found the f.p. of aq. soln. of the salt agree with the simple formula, 
and the salt is structurally isomeric with hydrazine phosphite, N 2 H 4 .H 3 PO 8 . The 
normal salt, nnimfmj nin monaimdophoBphate^ (NIl 2 )F 0 ( 0 H)( 0 N^), may exist 
in ammoniacal soln., but it decomposes into the acid salt when the attempt at 
its isolation is made. H. N. Stokes, and A. SabanecS obtained hydroxylaiiiiiie 
bydromiiiiaiiiidophoBphate, (NH 2 )F 0 ( 011 )( 0 NH 2 . 0 H), by the action of hydroxyl- 
uniino monochlorido on potassiuin hydromonamidophosphate. The rhombic 
plates and prisms are sparingly soluble in water. The salt decomposes at about 

with the evolution of gas ; and changes easily when kept. A. Saban^efi found 
the salt to be a structnral isomer of hydrazine orthophosphate, N 2 H 4 .HSFO 4 . 

H. N. Stokes prepared lithium monamidophOBpluite, as a crystalline powder, 
by precipitation from a soln. of the potassium salt on the addition of a lithium salt. 
When boiled with water, it furnishes lithium phosphate. He also made flodium 
fflcmaiKiid0phjOSBluite» (NH 2 )PU( 0 Na) 2 , by the action of sodium hydroxide on 
VOL. VIII. 2 z 
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the acid salt. The aciculai oi prismatic oiystals are not hygioBcopic ; they are 
very soluble iu water ; and alcohol precipitates the salt as an oily liijuid from its 
aq. Boln. The salt is decomposed by carbon dioxide into sodium carbonate and the 
acid salt. The acid salt or sodium hydromonamidophos^te. [NH2)P0(0H)(0Na), 
is obtained by boiling diphenylamidophosphate for 10 minutes with a cone. soln. 
of sodium hydroxide, and acidifying the ice-cold soln. with acetic acid. The 
precipitate which gradually forms is washed with alcohol, dissolved in aq. ammonia, 
and again precipitated with acetic acid. The powder consists of hexagonal plates 
or prisms ; it is sparingly soluble in cold water ; and insoluble in alcohol. The 
salt is slowly hydrolyzed to the phosphate by cold water, and rapidly by hot water 
or dil. acids. When heated, the salt loses ammonia, leaving a glassy mass of hexa- 
metaphosphatc. The salt is precipitated from an ammoniacal soln. by the passage 
of carbon dioxide, or by driving out the ammonia with a current of air. There is 
possibly a small proportion of water of crystallization which does not hydrolyze 
the salt at 1(X)°, but dors so at 150°. H. N. Stokes made potassium monamido- 
J^DSphate, (NH2)P0(0K)2, from the free acid and tho alkali-lye. It is very soluble 
in water, and is not perceptibly hydrolyzed by water. He also made potassium 
hydiomonamidophosphate, (NH2)F0(01])(0K), by a method similar to that 
used for the sodium salt. The rhombohedral crystals are very soluble in cold 
water. The aq. soln. has a neutral reaction, aud is slowly decomposed into 
phosphate when cold ; the change is rapid with hot soln. When the salt is 
heated, ammonia is evolved, and potassium metaphosphate remains. If tlir 
ammoniacal soln. in, the acid salt is treated with alcohol, a syrupy precipitate 
is formed which decomposes into the potassium salt and ammonia when washed 
with alcohol. It is therefore thought to be ammonium potassium monamido- 
phoaphate. 

H. N. Stokes prepared silver hydiomonamidophosphate, (Nn2)P0(0H)(0Ag), 
by treating a soln. of the potassium salt, feebly acidified with nitric acid, with silver 
nitrate ; or by adding alcohol to a cold soln. of the normal salt in dil. nitric acid. 
The crystalline powder consists of small needles, or short, thick, hexagonal prisms. 
The crystals are stable in liglit ; sparingly soluble in water ; readily soluble in dil 
nitric or acetic acid, or in aq. ammonia. The boiling aq. soln. forma silver 
phosphate. When the salt is heated, ammonia is given off, and a fusible glass 
of silver hexametaphosphate is formed. Microscopic plates of silver monamido- 
phosphate, (Nll 2 )PO(OAg) 2 , are formed when silver nitrate and then ammonia 
are added to the filtrate from the preceding salt ; or a soln. of that salt in dil. nitric 
acid is treated with silver nitrate and ammonia. The colourless salt is stable iu 
air ; it is almost insoluble in water ; and soluble in nitric acid, and aq. ammonia. 
Alcohol precipitates the acid salt from the soln. in dil. nitric acid, and the 
spontaneous evaporation of the ammoniacal soln. furnishes the unchanged salt. 
The anhydrous salt is not changed at 150°, but at 1H0° it gives off half the nitrogen 
as ammonia, and forms an imidopyrophosphate, NH{F 0 ( 0 Ag) 2 ) 2 ; it is possildo 
that H. Schiff obtained lead mcmamidophiosphate, as a voluminous, white pre- 
cipitate, insoluble in ammonia, by adding lead acetate to a soln. of the alkali salt. 
The precipitate is insoluble in ammonia. H. N. Stokes also obtained what w'a.s 
possibly lead hydiomonamidophosphate, by adding lead acetate to a soln. of the 
potassium salt. The crystalline precipitate is somewhat soluble in water. He also 
obtained a duomium amidophosphate. v 

H. N. Stokes prepared diamidophosphoric add, (NH 2 ) 2 PO(OH), by treating 
phenyl dichlorophosphate, Cl 2 .PO.OCeH 5 , with ammonia to convert it into pheiiyl- 
diamidophosphatc, (NH 2 ) 2 PO.OCgH 5 , and hydrolyzing the product with a soln. 
of potassium diomidophosphate. When a cold soln. of this salt is treated with 
acetio acid, crystals of dimidophosphoric acid are formed. If silver diamido- 
phosphate is treated with hydrogen sulphide, the clear filtrate contains a soln. of 
the acid, which can be precipitated with alcohol. The salt can be purified by 
dissolving it in water, and again precipitating the aq. soln. with alcohoL This 
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acid has been also called fhoBjIhoiiamic mi or phoBphoiiafniiic acid. The 
microecopic crystals consist of six-sided plates which are stable in air ; freely soliible 
in water ; almost insoluble in alcohol ; easily decomposed by acids ; and scarcely 
attacked by boiling alkali-lye. Cold nitric acid transforms diamidophosphoric 
acid into monamidophosphoric acid, and finally into ordinary phosphoric acid, 
but there arc no sigus of any differences in the nature of the two amido-groups. 
The diamidophosphates of the alkalies and alkaline earths are very soluble in water 
and have not been obtained in a crystalline state pure enough for analysis. A 
mol of the free acid umtes with a mol of ammonia to form Mnmftninm dianoddo- 
phospbale ; but with 2 mols of ammonia the soln. possesses the smell of that 
gas, and gives with silver nitrate a mixture of the primary and secondary silver 
salts. Soln. of the alkali hydroxide and the acid furnish non-crystallizable potaniom 
and sodium diamidophosphates^ which are readily soluble in water. By adding 
rho calculated quantity of silver nitrate to a dil. soln. of the barium salt ; washing 
the white, pulverulent precipitate ; dissolving it in aq. ammonia ; and re-pre- 
cipitaiing with dil. nitric acid, white, pulverulent silver diamidophospluitei 
lNlIo)2P0(0Ag), is formed. This salt can be obtained in short rhombohedral 
prisms by the slow evaporation of the ammoniacal soln. over sulphuric acid. The 
salt is almost insoluble in water, but freely soluble in ammonia. The ammoniacal 
siJn. furnishes imidoamidophosphate when treated with silver nitrate. No 
ammonia is given off by the salt when confined over sulphuric acid, or when heated 
to The salt loses weight slowly when heated to 150 °- 160 ° ; and when rapidly 
hciilinl to a higher temp., the salt swells up, develops ammonia, and melts to a grey 
mass. Bor the action of potassium hy^oxide, vide supra, trihydroxydiamido- 
pliosplioric acid, 

II. Bcliiff claimed to have prepared FOfNH^ls, phosphoryl triamide, by 
slowly leading a current of dry ammonia into cold phosphoryl chloride until the 
mass was quite sat, The ammonium chloride was washed from the product of 
the action with cold or warm water, and phosphoric triamide remained as a snow- 
white powder. H. Schiff claimed that the compound is scarcely attacked by 
boiling water, an aq. soln. of potassium hydroxide, or dil. acids ; but that it is 
slowly attacked by cone, acids. Wh eu fused with potassium hydroxide, ammonium 
and potassium phosphates are formed ; and when heated out of contact with air, 
aminimifl, and phosphoryl nitrile are produced: PO(NH2)3“PON+2Nll3. 
•F. II. Grladstone, A. Mente, and H. N. Stokes failed to confirm the preparation of 
n. Si'liill B triphosphoramide, AciMuiliiig to J. II. Gladstone, the third atom of 
chlorine cannot be replaced by an amido-group at any temp, below that at which 
further decomposition occurs ('^°). The product of the artiun of ammonia on 
jihosphoryl chloride is a mixture of ammonium salts of amido- and imido-tetra- 
phosphoric acids. 

0 . Poulenc reported phosphonu diamidotriflnoride, PF3(NH2)2, to be formed 
by the action of ammonia on phosphorus trifluodichloride : PF3Cl2+4^H3=2NH4Cl 
f J'F>j(NH 2)2, as a white mass which cannot be separated from the ammonium 
ildonde. When heated it furnishes phospham. T. E. Thorpe and J. W. Bodger 
obtained thiophosphoryl diamidofluoride, PS(NH2)2F, by the action of ammonia 
on thiophosphoryl fluoride: PSF3+4NIl3=2NIl4F+PS(NH2)2F. The white 
mass deliquesces in air, and when treated with water furnishes diamidophosphoric 
acid ; PB(NH2)2F+H20=-HF+PS(NH2)20H ; and with a soln. of cupric sulphate 
it gives a yellowish precipitate which rapidly darkens, forming cupric sulphide ; the 
filtrate, on standing, yields bluish-green crystals of Cu3(F04)2.C!uSiFQ. J. H. Glad- 
stone and J, D. Holmes had previously obtained thiophospbozyl diamido- 
chloride, PR(Nn2)2ClS, by the action of ammonia on thiophosphoryl chloride, 
and found that with water it yields diamidothiophosphoric acid. H. Schiff 
represented the reaction with ammonia in a different way: PSCI3+6NH3 
=3NH4C1+PS(NH2)3. 
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§ 67. Derivatives ol Imidophosphorio Acid 

By abRtrartin^' the elementB ol aiiiiiionia fruni 1h« di aurl tri-amidopliosphorn 
acids, a 8eiie.M of imidCNiOllipoillldS has been jiruparcd ; thi'^.e are rejin-Hcnted by : 

0 r=N 

Imliloplioipluiriu acid. Phmphoryl imldnamld^. FliDiphnrvl mtiile. 

AcTordinft to JL ammonia react'? \viHi i)lii)«»j)liuiu's peiitoxiilo, foniiirii^ 

what lie called FIm]ihtiun>t!iauiv, and hi«? analyses agiee with his cnipini .il fuimiili 
rO.Nll OH — not P()(Nll2)(OH)j. Arcoidiiig to II N. Ktokis the pi mint t of tin 
lear tion is ii miAt ure cunbistmg largely of this ar id, w hieli he r ailed imidophosphoric 
acid, rU.NH OH, or, perhaps, HO.POiNIL The mixture is reutldy sttliildi in 
water and uleuhol. It is not easily oxidized to phosphoric ai id , aininoiiM e\ oh t il 
when the mixture is boiled with water. The acid forms a series of halts Iiit h li i m 
not been obtained pure; the soluble salts give piceipitatL'S with the sallh of tin 
heavy metals- eg. the precipitates with zinc, radmiiiiu, load, silver, and tin sill- 
are white ; with copper and nickel salts, blue , and with eobalt salts, violet. Tin 
precipitates are soluble in soln. of ammonia, and ammonium cblondt' mid in muK 
J. JL Grladt*tone and J. D. IJnlmos emphabized the general resetubl.Liicc betwtii. 
the propeities of IL Bchiff’s acid and wliat they called pyropltOi>pIiodi(mnr anil 
i.f. (h(imidndiphvspht)i iv acid— and they considered II. Suhitl s acid to be a iiiixlim 
of the latter with inebaphosSphoTie arid. Acrorcling to A. Mente, the prndiut 
of the reaction between ammonia and pho^phonis pentoxide below is iiiinloili 
phosphoric acid, and A. Mente considers that J. II. Uladstoiio and J. D. llolnn 
diamiduJjphosiihonc ucid and his imidodiphosphoric acid are the same. 

Ammonia is abborhed by the phosphorus tri- and penU-ehlondes with tin' 
evolution of much heat. According to A. Besson, ammonia unites dneedy with 
])hDhphoTUS peniarhloride (dissolved in carbon tetrachloride) to form a wliilt 
addition product, KI5.HNH3; and, according to II. Hose, willi phosphorus tii 
chloride, to funn the addition compound, FCls.bNH^* At orrliiiary temp., sunn* 
complicated reactions occur. Thus, (i) according to IL Hose, if the product uf the 
action be extracted with ether, nitrogen phospboeliloridp, Nsiyig, is ubtaiiied 
(ii) accuidiug to C. Gcihardt, if the product be heated, hydrogen chloride and 
ammonium chloride are evolved, and a white powder calleil phosphum^ (PX2lI)nr 
is obtained (7.11.) \ and (lii) according to C. Gerhardt, if the product bo thoroughl} 
washed, a white powder called phogphamidei or phdqfhcnyl imidoamide, 
[(NH2)P0(NH)]«, remains. Phosphoryl imidoamide was obtained by 0 . Gerhardt 
by saturating phosphorus pentachloride with ammonia; extracting the white 
product with water to remove ammonium chloride ; then boiling with a dil. soln 
of alkali carbonate or hydroxide ; then with dil. nitric or suljiliuric acid ; tlieu 
with water ; and finally heating so as to sublime any remaining ammonium chloriilc^ 
F, Wcihlcr and J. von Liebig had previously noted how difficult it is to remnvi* 
the soluble chloride from the product of the action of ammonia on phosphorus peiita- 
chloride. J . H. Gladstone extracted the mass with ether, or by a prolonged boiling 
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liL watfr. Tlie mol. wt. of phosphoryl imidoamide ici nnfanowiij but it is generaOy 
llionglit to be higher than that represented by the r>*gular formula, NH 3 .PO.NH. 
The* white powder is insoluble in the usual solvents, but is slowly transformed into 
]ilioBp)ionc acid and ammonia when boiled with water. When heated out of 
'ontfirt with air, it forms ammonia and phosphoryl nitrile ; when heated in moiak 
i\iT it gives meiaphosphorie acid and ammonia ; when fused with alkali hydroxide 
i( gives ammonia and the alkali phosphate ; and when heated with copper, it forms 
jiniiumia and silvery copper phosphide along with a reddish substance — ^possibly 
cuprous phospliatc. Phusphamido resists the action of most oxidizing agents; 

]s md attacked by chlorine, boiling couc. hydrochloric acid, nitric acid, or aqua 
11 HA ; nor is it attacked by cold sulphuric acid, but the hot acid forms phosphoric 
,n.l- NJI..PO.NIT+2H2SO4+3H2O -ll3P04+2{NfT4)HR04. 

WIh'Ti phns])Loric imidoumide, phosphortriamide or a chloraniidn is heated, 
Ini |)ir'fcicni*o in an oxygen-free gas, phosphoiyl nitrilei PNt), is formed: 
MI,P():NII -Nll,+PNO; or PO(Nll 2 ) 3 - 2 NH 3 +PKO. This compound was 
(|c>sCTilied by C. Gerhardt in 1816 as biphosphamidc, by ,1. H. Gladstone in ISjO 
.I'' pltn'^phniiitrylcj and by H. Bchiff in 1857 as nnmop/mphamidc. It is a white 
powder which melts at a red-heat, and, on cooling, forms a black, glassy in a It 
iinitc'i neither with alkalies nor acids, nor is it affected by boiling nitric acid. It is 
luidi/ed to phosphoric acid when fused with alkalies in air or with oxidizing agents. 
It tornis ammonia when lienteil with hydrogen, and with steam, it forms an oxide 
Ilf idiOsplmrus and phosphine. The high m.p., and its inertness towards solvents, 
li.iM* led to the belief that the mol. is more complex than is representerl by the 
-im|)l(‘ foimula PNO- G. Odilo thinks the mol. is P 2 N 2 O 2 , or NP< 02 >PN. 

\m 1)1(11111/ Id A. Tld>’Miii and II. lUihbd, whou plinsphorus clilurmiilnib is with 

iiiliiji;! 11 |uMo\iil(' ttt 2011” 2r)ir in 11 boah>d tiibn, mtroj/fii, miniusund iiitric' oxides, rlilonnn, 
iuLiDb>], aiiil uitroxyl rhIoiiJob, and a buhstamo of the I'diiipn^iLioii 2 l^ 2 *)p,NO;, pbosphato- 
nitronyl, arc foimeri Tins Hiilihtiuico has boun also obtained pbosjiliorie oxide 

V till iiilrrii;(ni porcjxido al 200 ' in n sealed tube ; it gives oil nitrcigen peroxide when heated, 
iind dcli(]wibeu4 in the air ^ith ol xulrogeii pei oxide. 
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§ 68. The Amidodiphosphoric or Amidopyiophosphoric Acids 

Tlip rheinistiy of the aniido- and iimdo-diphosphoric acids is not in a satis- 
lai'tory stale. The inti'rpreiation of the cxpOTimental work by different investi- 
gators is diiScordant, showing a lack of precise facts. The reports of the preparation 
Olid properties of the three amidophosphoric aeids indicated above are largely 
haspil upon the work of J. H. Gladstone and J, D, TTolmes.i A. Mente’s and 
il- N. Stokes’ re-survey of the field outlined by J. 11. Gladstone and J. D. Holmes 
*'liows that the interpretation of the results was probably erroneous; in oihei 
words, the ainido-diphosplioric nriils reported by J. Jl. Gladstone and J, D. Holmes 
may really be imido-diphosplioric acids, or mixtures of the same with meta- and 
pyro-phoHphoric acids, A number of amidopyrophosphoric acids have been 
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reported. Eor iDfitimce, etartiiig from di- or pyro-phosphoric add, 0rP0(0HWI|. 
and replacing the HO-gionpa by NEg-groupa, one by one, 


DlphoBr^DTiD 

tCifi. 






^<»H. 


MouamldodlvhoBphDrlo DlunldDdlphoapliorlo Trlamldudlphosphorlc 
add. acid. acid. 


J. H. Gladstone and J. D. Holmen claimed to have made the tribasic monamido- 
diphoBphoric acid, (Nll2)F203(0U)3— which they cnllcd diphosphamidic aci&— 
ur its salts by tlio hydrolysis of an aq. soln. of nitiilodiphosphoiio acid : 
(NIl40)P2()8iN+2H20=NH3+(NH£)P208(0H)3; by the hydrolysis of an aq. 
soli), of diamidodiphosphoric acid, or of its salts : (Nll2)2P203(0H)2+ll20=-NIlj 
+(NIl2)P203(0H)3 ; by heating the diamidodiphosjdioric acid or its salts with an 
sridified soln. of a metal salt, (NIl2)2P203(OK)2-| KL’l-|-H20--(NH2)r20;j(0K)3 
4-I^H4C1 ; or by saturating an aq. soln. of pyrophnspliorie acid with ammonia, 
and adding baryta-water— not in excess. As a result, ammonia is evolved, and 
barium monamidodiphosphate is precipitated. The salts in question arc not ver^ 
soluble in acids ; they give a characteiistic red colriration witli ferric chloride. Av 
cording to H. N. Stokes, monamidodipho&pLoric acid is thought to bo idenlical with 
A. Mente’a imidodiphosphoric acid, {PO(OH)2}2NlT, or {1'0(0II).0.P0(0H)}NII. 

For ammoniiim moiuimidodipho8pliate» vide in/ra, the diamiilototraphohphates. 
J. H. Gladstone treated the salt with potassium hydroxide, niiil obi ained a gummy 
mass containing potassium monamidodiphosphoric acid when the neutral soln. 
was evaporated over sulphuric acid. The composition was variable owing to the 
decomposition of the unstable salt. If the neutral nmiunniuin salt obtained by 
the action of alcoholic ammonia on phosphorus chloronitnde be ireated wilh an 
excess of silver nitrate, and the filtrate boiled, the silver monamidodiphosphate, 
(NH2)P203(0Ag)3, is deposited as a white precipitate ; again, if the ferric salt be 
treated with a cold soln. of potassium hydroxide, and the neutral liquid treated with 
silver nitrate, the same salt is formed. J. H. Gladstone made barium monamidodi- 
pbosphate, (NH2.P2Q3.02)13a, by neutralizing an aq. soln. of pyrophosphoric 
acid with ammonia, and adding the calculated quantity of baryta-wster. 
J. H. Gladstone and J. D. Holmes made it by dissolving phosphorus chloronitride 
in alcoholic ammonia and mixing the soln. with an excess of barium chloride. 
The filtrate when boiled deposits first barium diamidodiphosphaie which when 
boiled still more passes into the monamido-salt. It is soluble in nitric and hydro- 
chloric acids, and insoluble in acetic acid. J. H. Gladstone also made the copper, 
silver, barium, lead, tin, chromium, manganese, ferric, cobalt, nickel, and 
platinum monamidodiphosphates. The iron salt fuinishes an ammino-salt. No 
antimony or gdd monamidodiphosphate could be obtained. 

The tctramidodiphospJimc add, (NH2)2PO.O.PO(NH2)2» has not been reported. 
J. H. Gladstone and J. D. Holmes prepared dibasic diaiuidodiphosphoric arid, 
(NH2)2P203(0H)2, or, as they called it, diphosphodiamidic add, by the hydrolysis 
of ni^ogen chlorophosphide, N3P3CI3, with alcoholic potash-lye, and afterwards 
with water : 2Nap3C!le+15H20=12HCl+3(NH2)2P£P3(0H)2 ; by the hydrolysis 
of aq. soln. of mono- or di-amidophosphorus oxychlorides, t.e. the product obtained 
by saturating phosphoryl chloride at a low temp, with ammonia, or by dropping 
phosphoryl cUoride into cone, aq. ammonia: 2F0Cla+2NH3-f3H20==GHGl 
-|-(NH2)2p2(^(OH)2; or by the action of phosphonis pcntachloride on oonc., 
well-cooled, aq. ammonia. The hydrolysis of the higher amidophosphoric acids 
or imidoamidophosphoric acid can be symbolized : 2(NH2)F0NH-|-H2S04+3U20 
=--(NH4)2S04+(NH2)2P20^(0H)2. According to H. SchiS, diamido^phosphotic 
add can be prepared by the action of ammonia gas on phosphoric pentoxidc : 
1^8^6+2NHy=(NH2)3F203(0H)2. While H. Bchifi thought that the product of 
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this last leaction was imidophosplioric acid, (NH)FO(OH), J. H. CHadstona 
and J. D, Holmes consideied it to be diamidodipho^iphorio acid ; and A. Mente 
thought that the product of the reaction is a mixture of potassium mcta- and pyro- 
phosphates with the potassium salt of diimidophosphorio acid, NH(PO)2NH(OH)s. 
The acid is said to decompose into phosphorus pentoxide and ammonia when 
it is heated ; the normal salts have been described. The insoluble metal salts 
ilissolve in a soln. of ammonium chloride ; and they are not so soluble in acids 
as the orthophosphates. Ammonia is formed when the salts are fused with 
potassium hydroxide, and they are but slowly oxidized to normal phosphates by 
traatment with a mixture of nitric acid and potassium chlorate. A. Mente thinks 
(hat this acid is identical with imidodiphosphoric acid. According to J. H. Glad- 
stone and J D. Holmes, the acid is a colourless mass which readily dissolves 
jii alcohol and in water. It decomposes into phosphorus pentoxide and ammonia 
when heated ; and when its aq. soln. is boiled, or when its salts are treated with 
nn excess of a metal salt soln., it forms ammonia and monamidodiphosphoric 
M irl. If the soln. strongly acidified with sulphuric acid be treated with ferric 
chloride, until the soln. is red, and then boiled, the liquid becomes turbid, and a 
^rpl.iliuous precipitate of a ferric salt is formed which, when heated, gives 
111! ammonia, without melting. 

The arid is dibasic, and only the normal salts are known with certainty. The 
insoluble metal salts dissolve in soln. of ammonium chloride, and in dil. acids ; 
til ey give oil ammonia when fused with potassium hydroxide ; and when evaporated 
many times with a mixture of nitric acid and potassium chlorate, the salts arc trans- 
foiincd into orthophosphates. The modes of preparation of diainidophosphoric acid 
in ammoniacal soln., and the treatment of the acid with ammonia, furnishes a soln. 
of ammonium diamidodiphosphate, (N1J2)2F203(0NH4)2, which yields radiating 
inass^s of crystals. 11 . SchiS said that during the evaporation there is always 
some ammonium phosphate formed which contaminates the final product. 
J. II. Gladstone and J. D. Holmes said that the ammonium salt is produced by 
luirniug phosphorus under a bclhjar standing over conr. aq. ammonia. They 
ncre nob able to prepare potassium diamidodiphosphate. Copper diamidodi- 
phosphate was also prepared. If the soln. obtained by trciitiiig phosphorus chloro- 
liiiniie with alcoholic ammonia be neutralized and mixed with silver nitrate, a 
nuxtiiTB of silver rblnride and silver diamidodiphosphate, (Nll2)2F2Q3(OAg)2. 
1 '^ precipitated. Hot dil. nitric acid extracts the Litter salt. J. II. Cladstune 
anil J. D. Holmes made barium diamidodiphospbate, (NiJ2)2?203(0|iBa), as 
indicated in connection with the monamidodiplioHjdiiitc. II. Kchifi also prepared 
this salt. He also obtained strontium and calcium diuinidodiphosphates ; no 
magnesium, mercuric, ferric, chromium, aluminium, or antimony diamidodi- 
phosphate was prepared, but zinc, cadmium, manganese, cobalt, and nickel 
diamidodiphosphates were obtained. 

J. 11 . Gladstone and J. D. Holmes prepared monobasic triamidodiphosphoric 
acid, (NH2)3P203(0H) — also called diphosphotriamidic acid — by healing 10 23 ( 1 *^ the 
jiroduct obtained by saturating phosphoryl chloride with ammonia, and then boiling 
it for a short time with water : 2 P 0 Cl 3 -l- 3 Nll 3 + 2 ll 2 O~(Nn 2 ) 3 P 2 ^^ 3 (^^)+ 6 ^Cl. 
The acid is a white, tasteless powder ; its aq. sola, reddens litmus, and expels carbon 
dioxide from carbonates. When heated, it decomposes into ammonia and 
aiumonium nitrilopyrophosphate. When boiled with water, it forms diamidodi- 
}*ho&phoric acid and ammonia ] with boiling hydrochloric acid it forms pliosphono 
acid and ammonium chloride ; and with cone, sulphuric acid, ammonium diamidodi- 
plinsphate and sulphate. Triamidodiphosphoric acid forms a series of salts. The 
^‘dtfH^ven the alkali salts — are but sparingly soluble in water. J. H. Gladstone 
imd J. D. Holmes report that it forms salts correspondiDg with the monobasicity 
of the acid ; and also salts containing up to lour atoms of the metal per mol of ucidk 
Hence J. H. Gladstone and J. D. Holmes postulated a tetrabasic triimidodiphoB- 
phoric acid— possibly (NH]3p2(OU)|. The alkali salts are insoluble in water and 
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in radB. The acid reacta with metal salt spin, and metal oxides, forming insoluble 
salts. According to A. Mente, this acid is identical with diimidodiphosphamidic 
acid, (NH) 2 P 202 (NH 2 ) 0 H. When the acid is treated with ammonium carbonate, 
amin^am triuiidodii^^^ (NH2)aF202(0NH4), is formed as an insolublp, 
white mass. A similar product, potas^um triamidodiphOSphatOi is obtained by 
the action of potassium carbonate on the acid. According to J. H. Gladstone, 
he obtained mono- and di- copper trianiidodlpfalMSlduitee ; and he prepared silver 
triamldodiphoaphate, (NH2)3F203(0Ag), as an amorphous, white, flocculent pre< 
cipitate, by adding a soln. of silver nitoate to the acid suspended in cold water. 
The salt is insoluble in water. Dil. nitric acid, or aq. ammonia, extracts somp 
' silver from the salt, and hydrochloric acid decomposes it completely. 
J. H. Gladstone also obtained orange-yeDow trisilver tiiaiiiidodiphosphatei 
(NH2)(NHAg)2P20g(OAg), by adding a soln. of the acid to a feebly ammoniacal 
soln. of silver oxide ; or by treating the monosilver salt with an ammoniacal soln. 
of a silver salt. The precipitate is washed by decantation. Dil. aq. ammonid, 
or dil. nitric acid, transforms it into the monosilver salt ; boiling acetic acid arts 
similarly, but more feebly. J. H. Gladstone made bariiim triamidodiphosphalns, 
(NH2)2(NH.fia ; 0)P20g, by adding barium chloride to the acid suspended in aq 
ammonia, and also {(NT]2)3P2Q3}2Ka, by suspending the acid in a soln. of barium 
chloride, and neutralizing the hydrochloric acid which is formed by means uf 
ammonia. If the acid mixed with water is treated with an ammoniacal soln. oE 
a magnesium salt, and the precipitate washed with water, J. H. Gladstone obtaiiicrl 
a mixture of the ma^esiiim triamidodiphosphate, (NIIo)2(NH.Mg.0)F20y, and 
MgH2(P204N3)2. He also made the meicury, lead, iron, cobalt, and platiniim 
triamidodiphosphates. 


RarxBiROxs. 
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§ 6B. Imidodiphosphoric or Imidopyrophosphoric Aoid 

By the loss of the elements of water or ammonia from imidodiphosphoric acid 
there is formed diimidodiphosphoric acid, or mixed imido-amido-diphosphonc 
acids also called imido-diphosphamic or imido-diphosphamidic acid : 

ro— OH PO-OH PO— NH, PQ-NH, 

()( )>NH )>ini HN(^ ]>NH HN\ )iNH 

PO— OH PO-OH PO-OH PO-NIl, 

Imidodiphosphoric Dllmldodlphosphorlo add. DllmldomonanildodlphoB- DllmldDdlamldodiphos- 
acid. phorlc acid. phorlc add 

A(^iding to H. N. Stokes, and A. Mente, there are two oumimidodiphiMphoric 
ftods, difierently constituted, but not isomeric — one is dibasic, and the olhn 
tetiabasic. H. N. Stokes i prepared the tetnbailc numiniidodiphOBphoric wnd 

PO OH 

HN<^ )>0 
TO-OH 

Dlbaalc monlmldodlphnsphorlc acid, 
PO(OH).O.rO(oIl)NU. 

by heating trimetaphosphimic aoid, rsNsOgH, {vide ir^a), for about seven 
minutes ; on treating the ammoniacal soln. with a magnesium salt, magnesium 
prtho- and pvTO-phosphates ore precipitated, and the soluble maguesium imidodi* 


““<PO(OH), 

Tstrabaalc mnnlmldodlp^hoaphorlo arid. 
NH[PO<Ofi),l,. 



NITROGEN 


713 


phosphate remains in soln. By the addition of silver nitrate to this soln. a 
colourless, crystalline precipitate, sparingly soluble, triailver hydroimidodi- 
phosphate, is formed. The imidodiphosphate can be separated 

from Ihe othoi phosphates by the treatment of their sodium salts with alcohol. 
Thn free acid has not been obtained. The acid is fairly stable in cold soln., 
but gradually decomposes into trimotaphnsphimic acid. According to II. N. Stokes, 
(he acid is probably identical with the so-callpd monamidodiphosphoric 
urid. The acid (or rather its salts) cannot be referred to the formula 
(110)2^0. 0-P0(NIl2)0H, because the formation of pyrophosphate and not of 
orlli(»phoaphate would be expected, whereas if the cousiitution bo IIN[PO(OIl)2]2> 
oidv orthophosphoric acid would be formed. Hence, it is possible that the con- 
stilulion may be (H0)2r0.0.P()(NlL>)01I. 

According to H. N. Stokes, tri^um imidodiphosphate, NHp202(0Nu)3(0TT), 
is prniluced when the trisJlver salt is treated with sodium chloride. On evaporating 
tiH' rlear soln., a gummy mass is obtained ; and the aq. soln. when treated 
with alcohol furnLslics a non-crystallizuble syrup. The salt is more soluble 
n ilil. nlcfdiol than sodium fivrophosphate. The trudlvor imidodiphosphatOi 
NllJ*«02(GA£r)2(0H), is formed by precipitation from the free acid nr a tribasio 
.salt solo, by silver nitrate. The wliite amorphous precipitate is insoluble in waster, 
mill stable in liglit. TJiere are two modiileatirms of tetnuilver imidodiphosphate, 
Nin\( )2(0Agl4 one is wliil e, the other yellow. IT. N. Stokes suggetited that they 
are tsulomerie modirn*iitiiin« The white form i.s obtained by adding sodium 
iniirlii(li])ho.spLate t<i u soln. of silver oxide in tiinmnniurn nitrate. The voluminous 
]>rccipitsite is stable only in the presence of its mother liquor. It readily passes 
into ihe yellow form c.r/. by boiling the while form in its mother-liquor. The yellow 
form is amorphous. The am()T])lii)ii.s preei]>itate Ls obtained by adding an excess 
of silver nitrate to an aminoniULMl soln. of an imiilodiphosphatp. H. N. Stokes 
ohtainorl mogneoiiim imidodiphosphate as au amorphous, voluminous precipitate, 
u|jiio>4t iimoluble in tvater, and freely soluble in soln. of ammonium salts. 

According to A. Meulc, a dibasic imidodiphosphorio acid is formed when a 
holu. of (4 grniB.) ammonium carbonate, (NIL)(JO(ONHi), in (lU grms.) phosphoryl 
cliloride is warmed to about for a few hours. The reaction is supposed to 
occur in two stages : 4POUl3+3(Nll4O)CO(NH.,)=2NH(P0Cl2)2+3C02+4NH4Cl ; 
followed by 3H20bNH(P0Cl2)2-NH(PO.Oil)2O+4IfCl. The acid sob. is 
Ircaled with ferric or barium chloride in order to precipitate the sparingly soluble 
ferric or barium salt. It is also formed by boiling diimidodiphosphoric acid with 
an acid sob. of ferric chloride so as to furnish the ferric imidodiphosphate which 
forms a good starting- point for the preparation of tlie other salts. The probable 
coiihlitution is deduced from the mode of formation. This acid may be identical 
^ith the so-called amidndiphospLoric arid. The acid is dibasic, and the existence 
of a basic salt is in harmony with the assumption that an imido-group is present. 
A dirpnt determination of the water in the imidophosphate is not poH.sible ; if the 
Piilt dried to constant weight over sulphuric acid bo heated to 100“-110°, there is 
first a .small decrease in weight followed by an increase w'hich was not observed 
to attain a constant value. A. Meute prepared barium imidodiphosphate, 
Nnp.^0gBa.H20, ns a voluminous precipitate, by adding barium chloride to an 
aiumouiucal sob. of the acid, or of the ammonium salt. 

A. Mentc prepared diimidodiphosphoric acid, NII(PO)2NH(OU)2, by heatmg 
& soln. containing an excess of ammonium carbamate in phosphoryl chloride, or 
hcLtor in a sob. of ph osphoryl chloride in benzene. The reaction is supposed to occur 
itt two stages: 2P0Cl3-f3(NH40)C0(NH2)--4NH4()l+3C024-NH(P0)2NH(Cl2) ; 
bllnwed by Nll(PO)2Nl[(0l2H-aH2O- 2HCI f NIl(P0)2NH(0n)2. The dibusio 
acid has not been isolated. The aq. soln. reacts acid. A hydrogen atom of each 
of the imido-groups can also be displaced by an equivalent metal. Sec diamidodi- 
phusphoric acid for other modes of prep.irntion and properties, for the two acids 
Are probably the same. A. Mente prepared Imum dUmidodiphoqphate, 
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NH(P0)|NH(02Ba), by adding barium cbloride to a aoln. of the acid neutnlizoil 
with ammonia. It is also formed when diimidomonamidophosphorio acid is boiled 
with baryta-wateii or an ammoniacal soln. of barium chloride. It is sparingly 
soluble in dil. acids ; and loses no water at 100^. 

A. Mente prepared monobasic diiixudomonainidoiiho9phorio nddf or ditmtdodi- 
pAospAoryZmonoamimc acu2, NH(PO)2NH(OH)(NH2)« 




by saturating phosphoryl chloride with ammonia, and washing the white mass 
with water. He supposed the reaction takes place in two stages : 2POCI3 
+8NHs=:5NH4Cl+NH(PO)nNn(CI)NH2, followed by the hydrolysis of the mono- 
chloride to hydrochloric acid and diimidomonamidophosphoric acid or Hirniio- 
iiph)sfhwmii]C adi. By boiling the acid with soda-lye, one-third of the total 
nitrogen is evolved as ammonia, and a s.*ilt of diimidodiphosphamidic acid is 
formed. The free acid reddens litmus. Ree triamidodiphosphoric acid for other 
modes of preparation and properties, for the two acids are probably the same. 

According to J. 11 . Gladstone and J. D. Holmes, when potassium triamidodi- 
phosphate is heated, it loses the equivalent of two mols of ammonia, and loim^ 
pota^nm nitrilodiphosphate. (KOjPsOgN, corresponding with rntrilodiphosphoric 
add. 


N<JJ>0 


The potassium salt is but sparingly soluble in water, and when suspended in dil. 
nitric acid, and treated with silver nitrate, it forms silver nitrilodiphosphate, 
N ; P2O3(0Ag). The ammonium nitrilodiphosphate, N : PaOalONII^), is formed 
by heating triamidodiphosphoric acid. The ammonium salt is insoluble in water, 
but it is slowly hydrolyzed by water, forming ammonia and monamidodiphosphnni 
acid along with a trace of tctianiidotetraphosphoric acid. The free acid has not 
been prepared. 


Refebcnceb. 

1 U. N. StokoB, Amcr. Chm. Soc,, 15. 198, 1893 ; 16. 123, 140, 1894 ; 20. 740, 1898 ; Znt 
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§ 70 . Amides and Imidea ol the Higher Phosphoric Acids 


Amido- or imido- derivatives of still higher phosphoric acids have been reported, 
principally by 11 . N. Stokes.^ 


0< 


PO(OH), 

PU(OH), 


mphospborlc add. 


O^O(OH), 

J;>PO(OH) 

'' 'PO(OH), 

Triphosphorlo acid. 


PO(OH), 

X'*PO(OH) 

n-POiOH) 

" PO(OH), 

Teiraphosphorlc add. 


H. N, Stokes prepared diimidotripho^horio acid. PO(OII)2.NH.PO(OH). 
NH.PO(On)2, by heating trimctaphosphimic acid for about seven minutes with 
nitric acid. The soln. was then treated with an excess of ammonia, and a magnesiunL 
salt, and filtered. The acid in question appeared in the filtrate. The silver salt Wii'i 
precipitated by the addition of silver nitrate. Diimidotriphosphoric acid forms 
two series of salts— an acid salt with three, and a normal salt with five atoms of 
hydrogen replaced by the metal. For example, triflodinm diunidotriphocphate) 
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]\jN2(^HANfts, formB obtuse prismatio ciystals, neutral to litmusi wliile penta- 
sodium diinddotaiphosphatB has an alkaline reaction. The trisilver salt forms 
111 I jjioclinic crystals. W arming the pentasilver salt with amm onium nitrate d estroys 
llic yellow colour— yellow silver phosphate is not whitened by this treatment^ while 
hilver tfinictaphosphimate becomos orange-yellow. The empirical composition of 
ihe add corresponds with cither: 


^PO(OH), 

J!J>ro(OH) 

^"'ro(OH), 

DLimldotriphosphono add. 


PO(OH)NH, 

.>PO(OH) 

^^""PO(On)NH, 

DianililLiLTl])hD«>phoilr add. 


The Iiiltcr does not agree bo veil with the existence and piopeilics of the pentoeilTer 
sill as the former. 

If. N. Stokes has obtained a number of derivatives of tetraphospboric acid 
al,r)se empirical compositioiis agree with the graphic forrauliT ; 


„ POINKjl. 

ri)(OTi) 

, 1‘0(0II) 
l’O(l)H), 

0 LiindutrliD- 
1 iiiKiihtin and. 


0 

O 

o 


.ro(NH,), 

POfOJI) 

'"ro(f)Fi) 

PO(NlIa), 


TLtiainiiliitPtraTilios- 
phorir arid 


PO(NTr,), o-POlNlf,). 

PO ^ PO 

^■^POINTI,), ®'^P()(N 11 ) 

Mfiiiiiiiiilotc- Dllmiiiorlmniiflolilra- 
tramidtitdr^- plinspliDric and. 

phuspliniic Ai Id. 


Pf)(OU), 
PO(OH) 
PO(()H) 
'PO(OH), 

Tnnniilotptraphos- 
plionc Bfid. 


IIN 

JIN 

HN 


'I obviously rrpre^sont but a huiall fraction of those iLporctically possible ; 
lu T ih there any pariiculnr evidence outside that furuishcil hy the aiulvsis and the 
tmIi's uf valency to show how the Nil-, NTf2“, and the Oil groups »ire distributed 
IP the mol. According to J. H. Gladstone, hy saturating |)hospliorvl rhloTidc with 
iiiiiinonia, and hedting tlio produrt to about 200 % a white residue is obtained 
wlnrh furnishos moniimdoletrainidotetraphosphoric acid. (NL{)P207(N 112)4. 
VOlMlolo O.(NH) O.PO.O.PO(Kll2), on treatment wuth water. The acid dceom- 
slowly when digested wdtli water ai ordinary teinj) , and rapidly when bulled. 
If tlie Hcid he treated with cone. aq. ammonia, a white-in.ass is obtained, which 
•I IT Gladstone said is not an ammonium salt. It is regardeil as amminomono- 
imidotetraphosphoric add. MH 2 .(NlI)P 2 iMNll 2 ) 4 - Iiioiiuiijiulot^etramidotetra- 
pliosplionc acid he treated with a neiitral or slightly acid soln. of silver nitrate, 
a A cllowish-biown precipitate of the silver diimidodiamidotetraphosphate is 
uhiained. The free ncid, diimidodiamidotetraphosphoric add. (NH)2r207(Nir2)2> 
Ji.isnot been isolated. 

H. N. Stokes prepared salts of tiiiiiiidotctraphosphoric add^ HN{F 0 ( 01 I).NU. 
1*0(0H)2}2, ^7 lio hydrolysis of salts of pentametaphnsphiniic and c n. a hot 
n>elic arid soln. of sodium pentametaphosphate funiishes sodium triimidotebra- 
phosphate, NlI{PO(OH).NIl.PO(ONa)2}2 ; and the addition of silver nitrate to 
the soln. furnishes the silver triimidotetraphosphate. lIN{ro(OH).NJl.rO(UAg]2}2> 
The arid is so unstable that it cannot be made hy heating tetrametaphosphimate 

might have been anticipated by the formation of diiiuidotriphosphorlc acid 
by the action of heat on trimetophosphimic acid. 

The aq. soln. of the product of the action of gaseous ammonia on phosphoryl 
chloride contdns a mixture of ammonium diamidodiphosphnte and several amido- 
If^traphosphates. The latter can be precipitated by trcaiment with alcohol. If 
the product is washed with alcohol, dissolved in water, again precipitated with 
alcohol, and dried in vacuo over sulphuric acid, trianinioiiium hydrodianudotetiB- 
phosphate, (NH40)g(H0)P407(NH2)2» is formed. Prcc diamidotetraphosphoriu 
Wid, (NH2)2P407(OH)4. is not known. The aq. soln. of the ammonium salt 
pves precipitates with the salts of many of the metals— silver nitrate, for 
matancB, gives a white flocculent precipitate. The precipitates are probably 
mixtures of several amidotetraphosphates. The ammonium salt is decomposed 
into ammoniam chloride and phosphoric acid when boiled with hydrochloric acid ; 
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and when heated to 100°i it forms a white mass which Bmells of nicotine, and ia 
possibly tfiammonium nmidodiphosphatPt (NH 2 )P 203 ( 0 NH 4 ) 3 . Ammonium 
diamidotctraphosphatc unites with limmoninm to form a white mass ; cold potash- 
lye decomposes it with the' evolution of ammonia ; and if covered with alrohol, 
and allowed to stand for a year, crystals of the ammonium salt of a now acid an* 
fornioil. If the tertiary ammonium salt ia heated to about 220°, it loses ammonia 
and forms a residue which is possibly diammoniam dihydiodiamidotetraphosphate, 
(NIT2)2P407(01I)2(0N Haln. Tliis product is decomposed by water, fonninp dinniidrj 
diphosphnric acid, (NHo)oP203(0ir)2, and possibly also tetramidotetrapliosphorip 
acid, (NH2)4V4()7(()1I)o.'' “ 

J. 11. lilndsfono prepared tetramidotetraphoflphoiic add, (NH2)4P407(01I)3, 
by treating; ammoiiiuDi diamiilotctraphospbale wilh mineral acids, prihm 
slum carbonate or hydroxide; (NH2)2l4G7(C)Il)(()Nll4)3-|-Hn- NH^I 1 
-f iiNoO I (Nll2)4P407(0n)3. It is fllsd prodnceil along with diamido- ami Irianmln 
dipbnsphoric aciils by the action of cold cone, nitric aciil, or polas^niTu 
carbonate or liy Jroxule on Iriamiuouium hyJrndiaraidototraphospliatn . 
(\H2)2P407(Oin(ONiJ4)3 i KOIl- NII3 |;jJl20+(Nl]2)4P407(0Il)(0K), aiid ]u 
bulling the same salt with water, (NJL)2P4()7(OH)((»N114 )t 
^ (Nll2)4l407(()IiJ(()i\Hj). The last reaction may proceed diffcrciiilv . 
(Nll2^2l4G7(OH)(6KIl4)3 i jH^O "iNH3+2H4P2()7. Tetrami(lolelraphos])h[H)i 
a« 111 floe-i not appear to be aneried bv acids. The aq sidn. of trti.unidoietra]ilM)s 
phurir and gives no precipitale ^itli liydrocblorojd.ihiiic acid. The acid imiti 
with bases, fonniiig salts: thus, ammonium hydrotetiamidotetraphosphate, 
(NIl2hlV^7(^HI)(ONl]4), obtained by neutralizing llie acid wiili ammonia. Tlie 
ammonium salt is soluble in ^ater; the salt is precipitated from its a(|. soln. 
alcohol ; and when dried in vacuo loses its ammonia. Similarly, potassium 
bydrotetramidophosphate, (Nll2)4L407(UH)(0K), can be prepared. 

TT. N, (Stokes also made sodium amidoheziixiidoheptaphosphate a salt of 
amuhliprhtndn/if piuphot^phniw udd, P0(011)(NU2).NIl.{P0(01I)Nll}5,P()(nil)3 
by tlie hydrolysis of licptapliosphorn nitrilochlornlc wilh sodium hydroxirle in an 
ethereal suln. He expected to obtain heptavutaplmplfimic acid. The sodium 
suit is dccompo^ed by acids, forming tetrametaphosphimate. 

Ulfishencies. 

> ir. N. Stokes Chem, Soc„ 15. 108, 1893 ; 16. MO, 1R04 ; aO. 740, IR'IH ; Znf, anorv, 
f'hnm,, 19. 42, 18111), J. II. GkdsLuue, Joum. Ukem. Stic., 2. 121, 1850 ; 8. 135, 353, JS51 , 32 
15, 1809. 

§ 71, The Hetapho^phimic Adda and their Salts 

Just as the amiilopliusphoric acids can be culled plmphimic ac/rf.s or plmphiumdic 
so also can the iiniduphoc^phoric acids be called pho^phimv m'nl or 
pJmphmhlic acuU, The replacement of two hydroxyl groups or of phosphurvi 
oxygen in orthophosphorie acid by equivalent bivalent imido- or NH-groups, will 
furnish orthophosphimw nc/rf,s, HO.rO.NU, or IIN: r(01I)3; so also will the suhsi itn 
tinn of IJN-grnups in place of the phosphoryl oxygen of met a phosphoric areK, 
(HO.POg)ft, furniMh a Hories of polymerized mrUtpImphimie mduy \ HO(NH : P : < >)1« 
or [PN(() I J J2 In- Hevoral isomeric forms of each member of the series are theorpiicH lly 
possible, for example, with the second member, where ; 

PO.NH, P(NH)OH PO.OH P(OH), 

0^0 0</0 n(/N 

po.Nn, p(NTi)OH rt).uH rioii), 

r)iainli1u(liiiu>lui>liiisphorir DIlmldodliiirtaplKHiiliorir DlmMophrisiiliinilr NHrllodlliiit Iaj luN'k^'il'' 
uiiil ociil. ai'lil, urlil 

111 1888, A. Mento ^ described a product of the action of ammonium 
and water on phosphoryl chloride which he regarded as diimidodiphosphoiic acid, 
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]|N<rPO(OII)l2>NH, with a possible constitution analogous with what had 
]iisb been called acvcl, and wliicU ho also coiihidoir.d to bo identical 

with an acid piepared by J. TI. Gladsfonc in IHV), and named ihaiazopJtosphorh 
and, a cognomen subsequently altered to pyrophnspfiodmim ncid, 0[P0(011)NH2l2, 
Ijociiuse it was considered to bo a rliamidc of pyrophosphoric acid. II. N. Stokes 
'-uggested that J. H. Gladstone s acid was impure trhnebphosphimic addt bccau*>e 
ihe aii«iIyflBB of the barium and silver salts ngieed equally well ■with pyrophosphoric 
diaiiiidc, (NH2)2(n0)2P203, or with (Nll2)a(I10)9P303+l^Il20. Tiiphosiihiniic 
ii( 1(1 is obtiiined by the hydrolysis of an ethereal soln. of Iripliospboiiitrilic chloride, 
l)y an aq. soln. of sodium acetate. The deromposilinn of a cold aq. sobi. 
of silver trimetaphosphimate also furniBhes a soln. of ihe acid. The acid is extremely 
soluble ill water ; the aq. soln. docs not crystallize on evaporation, but it furnishes 
.1 gum like mass. The constitutional formula aH.dgnc(l to triTnciaphosphiniio acid 
depends upon the formula assigned to triphosphouitrilir rhlnrido from which it is 
JoiHii^rl by hydrolysis. Among other posMbilities, H. N. Ktoke.s suggests ; 

r(OH)i po.oif 

N 'n 

(011),!’ PlOlDj 110,0?^ TO.Oir 

N Nil 

TliP latterfypcof formula is preferred, in aineement with thefact that nnsalt is known 
w itli ‘>L\ at uins of sodium per mol of the MMlniin suit. The ordinary sodium triincta- 
jiliospliimate has three sodium atoms ]ier mol ; although a most iijistable salt with 
U iir sodium atoms per mol has been obtained by using a very large excess of sodium 
h\dTO\ide, this readily passes into the tiisodium salt. Trisodioin trimetaphosphi- 
mate, l\N30QTl3Na3 4 HoO, crystallizes in rhombic prisms from its aq, soln. at temp, 
below Sil'"; if the temp, exceeds H()’, needle-like crystals of the iiioimhydrute, 
arc depowted. The same salt is obtained by Jicating the 
Ictiuliyflrale at i(Kl°. It is not known if the difference between the two sodium 
salts is any more fundamental than a mere difference in the water of crystallization. 
Two anhydrous silver trimetapliosphimates are known : tiisilver trimetaphos- 
phimate, PoNjOuIIgAgs, separates in moiioclinic plates when aii excess uf silver 
iiilrute ih slowly added to a soln. of the sodiiiiu salt acidified with nitric and, and 
hezaailver trimetaphosphimate, i’3N3f>BAgft, is formed us a wlute, voluminous 
pnwdcr by adding sodium trimetaplinspliiniute to an excess of an umramiiacal solu, 
id silver nitrate. The existence of this salt is taken to show that Ihe acid is piobubly 
!i derivative of melapliosphimic acid, H. N. Stokes suggest id that the hytlrngen 
atoms are labile, and that the two graphic ring formula loprosent tautoineiic 
cuni])ounda. 

When an aq. soln. of Irimetaphosphimic acid, or of one of its salts, acidified 
witli one of the stronger mineral acids, is heated or kept for a long time, deromposi- 
linn occurs - slowly if cold, rapidly if heated. Orthophosplioric acid and ammonia 
(aiumomum phosphate) are the ultimate products of the decomposition. Several 
intermediate products have been detected ; in addition to pyrophosphoric acid, 
^hat II. N. Stokes calls diimidotriphosphoric acid, and imidodiphosplioric acid 
have been found, and he represents the different stages of the decomposition : 

PO.OH rO(UIl)jj 

HN 

PO.OHkJPO.OJI -► P0.0H\ >0(011)2 -> 

NH NH 

'PrimBtajihouphimlr acid, (NH)|(FO.UH)| Dliinldotrlplm^plinric ai*iil, (NH )2 P 0 (OH). 2 r(g 0 n)| 
(OH),PO. .rO(OH), (OH)|PO,^PO(OH), POtOll), 

NH 0 

ImModtuhomilioilo add. Pjroiilio,plii)ilB Mid. OrtliopliwpljOTlf nfld, 

MlIafOlOH),. IHOiiPjO,. 
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The hjpothesiB that imidodiphosphoric acid oontainB the group NH-*Fg 
ezplainfi very well its relationship with trimetaphosphiinic acid, bub it does not so 
re^lj explain its hydrolytic transformation into pyrophosphorio acid in view uf 
the ease with which the latter passes into orthophosphoric acid, unless the fact be 
supplemented with the hypothesis that on account of the greater ofRnity of 
phosphorus lor oxygen than for nitrogen, FO(OH)2 can change places with a 
hydroxylic oxygen in the mol. NH(f 0(0H)2)2 to form an unstable amidodiphos- 
phoric acid ; 


FO(OH), 

NHt(rO(OH)j 

TO(OH). 


-PO< 


OH 

O-PO(OH), 


which then breaks down into pyrophosphorio acid. The last-named formula ia 
virtually that given by J. H. Gladstone for amidophosphoric acid, and is equivalnib 
to that required lor imidodiphosphoric acid. An amido-imidodiphosphoric acid, 
(OH)2rO— NH— P0(0H)NH2, intermediate between diimidotiiphosphoric eeid 
and imidodiphosphoric acid, has not been detected among the products of the 
decomposition of trimetaphosphimic acid. 

While the hydrolysis of triphosphonitrilio chloride furnishes trimetaphosphiinic 
acid, the hydrolysis of tetraphoaphonitrilic chloride, F4N4CI8, furnishes tetrameta- 
phosphimic add, P4N4HgOB, which, by analogy with trimetaphosphic acid, has 
Idle ring formula : 


nO.PO NH 

HN'" ^.PO.Oll 
EO.ro Jnh 
HN PO.OU 


Tetraphosphimic arid crystulllses in rolourless needles, with the composilioti 
^4N4 Hs^^8 SHoO. The acid is sparingly soluble in wal er— 1()0 parts of water at lii ) 
dissolve U ’64 part of the crystalline acid ; the solubility is diminished if other aiuU 
be present ; thus 10 per cent, of acetic a cid 1 owera th e solubility nearly 30 per cent . 
The aq. soln. is far more stable than the cunespoudmg trimetaphosphimic and , 
indeed, tetraphospliimic acid is more stable than any other acid of the senes 
Nitric acid readily transforms trimetaphosphimic arid into meiaphosphoric nri<l 
in a few minutes, but the tetrametaphosphimic acid is scarrely attacked even l» 
evaporation to ^yness with cone, nitric acid or aqua regia. The acid uru.i11> 
behaves as if it were di-, tetra-, or octo-basic. The salts readily crystallize, and .irr 
usually sparingly soluble in water. Thus, dipotassium tetrametaphosphimate, 
K2HaP4N40B, is formed by dissolving the acid in a dil. soln. of potassium hydroxide, 
when prismatic crystals of the salt sejiarale on adding acetic acid : tetrapotaSSiuiu 
tetraiMtaphovhimate, K4II4P4N4O8, forms sparingly soluble tablets. Tin* 
dibariiim salt crystallizes with the eq. of two mols of water ; the tetrosodium s dt 
with 2|molB of water; the diammonium salt is anhydrous ; and the tetrammonnini 
salt has the eq. of four mols of water. Tetrasilver tetrametaphosphimate, 
separates as a white precipitate on adding silver nitrate to a soln. 
of the acid ; with ammoniacal silver nitrate and a soln. of the ammonium suit, 
yellow odmilver tetnunetaphngphiina^ Ag8p4N403, is formed. 

While the hydrolysis of triphosphonitrilic chloride with sodium acetate furiiislK^s 
trimetaphosphimic acid ; and the hydrolysis of tctraphosphonitrilic chloride with 
water furnishes tetrametaphosphimic acid, the hydrolysis of pentaphosphouilrilic 
chloride, P5N3CI10, with sodium hydroxide in ethereal sola, furnishes sodium 
pentam^phos^i^C ai^ rather Ihe alkali pentameta- 

phosphimate — sufficient alk^ must be present to maintain the alkalinity of the 
soln. The sodium salts are amorphous, and are precipitated in a gelatinous form 
by the addition of alcohol to the alkaline soln., or to the soln. neutraUzed with acetic 
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or nifcrio acid. Fenta- and tetra-sodium salin and salts with even less sodium each 
with the equivalent of two mols of water of crystallization have been obtained. 
The silver salts of the meta-phosphimio acids are all anhydrous. The composition 
of the silver salts depends upon the relative amounts of the reacting substances. 
The salt FsN^OioHsAgs is precipitated by adding silver nitrate to an acidified soln. 
()[ the sodium salt ; sdts with a higher proportion of silver are precipitated from 
ammoniaoal soln. Balts with up to five atoms of silver per mol are whitCi and 
iliose containing more silver are yellow, and this the more the greater the proportion 
of silver they contain. The free acid, contaminated with some impurities, is 
obtained by decomposing the silver salt by hydrogen sulphide under well-cooled 
water. A soln. of the acid has a somewhat astringent taste, and is imperfectly 
precipitated by alcohol in a gelatinous form. The aq. soln. is more stable than 
trimetaphosphimic acid ; and has a lower rate of decomposition when acted upon 
hv nitric acid. Tetrametaphosphimic, triimidoietiaphosphoric, diimidotriphos- 
phoiir, and orthophosphoric acids have been detected among the products of 
rl/'composition. Fentametaphosphimic acid is conveniently regarded as the lactam 
(that is, the anhydride of an amido-acid) ; 


^NH.P0DU.NH.P0011-^ 


NH 


of amiiotdnmiiofefdaplmyhork acid : 

pnriTi -^NH.P00H.NH.P0(N1T,)0H 
^^'^“'^NILPOOH.NH.PO(OU), 


funned by the loss of a mol of water. The acid is said to exist in the lactam form 
111 the pentasilver salt and in soln. of the acid and normal salts ; in alkaline solo, 
the acid is thought to be in the open form because the silver salt prepared in an 
alkaline soln. has a composition corresponding with this formula. 

n. N. Stokes found that he^metapbosphimic add, obtained 

from hexaphoBphonitrihc chloride, Fb^6^1i 2» ^ manner analogous with the 

preparation of pentametaphosphimic acid from pentaphosphomtnlic chloride. 
The hexa- and penta-metaphosphimic acids and their salts closely resemble one 
auuther, but the former are rather less stable than the latter. A hexa-sodium salt 
IS obtained by treating a soln. of the acid neutralized with sodium hydroxide by 
alcohol. The hexasilver salt is obtained in a majiucr analogous with that employed 
for the conespondiug salt of pentametaphosphimic acid ; and a yellow salt is 
obtained by precipitation from an alkaline soln. The arid is regarded us the lactam 
(anhydride) of amidopenLimidohcxaphosphor'ic acid, that ie 


fiom 


^^^"^‘POOH.NH.POOH.NH.POOH^^^^ 

.POOH.NH.POOH.NH.PO(NH,)OU 

^^^"^POOH.NH.POOH.NH.PO(OH), 


by the loss of a mol of water. When the sodium salt is heated with acetic acid it 


The hydrolysis of the higher homologues of the phosphonitnlic chlorides does 
not furnish corresponding metaphosphimic acids, for while hezaphospho- 
^drilic chloride furnishes hezametaphosphimic acid, heptaphosphonitrilio chloride, 
■^7^7C1||, does not furnish heptametaphosphimic acid, but rather aynidohexa- 
'^^^idohe^phogphoric acid^-^oide supro^with the empirical formula H10P7N7O15, 
or (PN02H2)7H20, that is ; 


TTH iin^NH.POOH.NH.POOH.NH.PO(NH,)OH . „ „ 
nu ™<NapooH.Nfl.POOH.NH.(OH). 

Ho that the homologous series of the phospbimic acids terminates with the acid 
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(PNOeH2)0. The tri-, tetia-, penta-, and hexa-metaphoBpLamic acids may thus 
exist in two forma- tho lactaniic form, metophosphimic acids, (FN02U2)ni where 
n is 3 , 4 , n, or G, which exists only in noutral or acidic suln. ; and the open-chuin 
form, (PN02H2)5+Il20, which exists in allnlinc soln. Acids derived from hepta- 
phosphonitiilic chloride, and the higher members, do not appear to form lactams, 
and tho open-chain form persists under all circuiustiinces. The acid furnishes 
sodium amidoliexaimidohepkiphosphate, Na7F7N7llgOj5, as a very soluble white 
powder, and silver amidohexaimidoheptaphosphaie, Ag7F7N7ll90i5, as a sparingly 
soluble powder. The tri- and tetra-metaphosphiniic acids give characteristic suits. 
The salts with five, six, and seven atoms of phosphorus have not been crystallized , 
alcohol precipitates the alkali salts from their aq. soln. as syrups which can ho 
dehydrated to form amorphous powders. Trimctaphosphimic acid forms neuti.il 
sodium salts with three sodium atoms per mol ; tetramotuphosphimic acid givn>'. 
salts with two and four sodium atoms per mol ; wlule the pontn-acid gives a salt 
with five sodium atoms and which is strongly alkaline. Tho decreasing acidity nf 
unneutralized hydroxyl- groups, well shown in orthophusplioric acid, is iucrcasingly 
pronounced with the higher members of tlie metapliosphimic acids. The salts of 
the higher members of the series are readily hydrolyzed in aq. soln., and tins, 
together with the feeble crystallizing powers, makes tho prepfiratiun of e\i'ii 
moderately pure salts very difficult. 

H N. iStokos mnntioiipd hcnamptnphosphimic aridf formrd hy hydrohsis from an oiU 
liquid obtained in tho preparation of the c bloronitrides, Milh the eoinpoMfion 
The oc-id readily deconqioaoH mto diiinidotriplio&phiirie, iruimiJutetrapliohpluiiiL, anl 
tetramoiapliufiphunic acide. 

Dry ammonia acts slowly on tiiphosphonitrihr chloride in clhei e.il soln., formiuL' 
triphosphomtrilic chluramidc, F8N3(Nll2)2Ul4, which remnins in soln. The reaction 
slowly piogresbes yet further, but not to completion. The products of the iurlln i 
action are insoluble in etber. When tbe ethereal suln. ol tlic chloraiuide is 
hydrolyzed with sodium hydroxide, Bodiuin diamidotrimetaphosphimate is 
formed. Cone. uq. ammonia reacts vigorously witli the tn-, tetra-, and tbe pent i 
phosphonitribc chlorides in ethereal soln.. and an nulpfimte proportion of llie 
chloriue is replaced by amido-groups. Anudo-compouiids of constant cnmiiosiLion 
have accordingly not been prepared. 

According to A. Mente, if in the preparation ol iinidodiphosphoric ucid, the 
products be heated to 290 ° or 300 °, ammonia is evolved, and a wliitc florcubMil 
powder is formed from which ammonium chloride can be remov ed by wusbiug with 
water. The pale yellow residue dissolves in a q. ammonia ; and when the suln is 
acidified with nitric or hydrochloric acid, a white prer ipitate is {oruied, and the 
soln. couiains what is thought to be nitnlotrimetaphosphoric add. 


HO 


.FO., 
N' FO- 


HO 


./FO 


0 

0 


The intermediate stages of the reaction are indicated by the scheme : NU(F 0 f 1 j)g 
-^N(FO(32)3,and this product, on hydrolysis, furmshes the acid in question. The 
free acid cannot be isolated, though lead, barium, and silver salts can be readily 
obtained. Tbe alkali salts arc crystalline and soluble in water. Oxidizing agputs 
convert the soln. into orthophosphates. 


Rxfehznckb. 

> A. Mente, LUhtg's Ann., 24B. 232, 1888 ; J. H. tiladatone, Joum. Chem> Soo., 2. 121, IS^tO ; 
8. 13G, 363, 1861 ; 22. 16, 1869; K R. Stokes, Amer. Vhm, Jmirn,, 16. 1D8, 1893; 16. 

140, 1894; 17. 276, 1896; 18. 629, 1896; 20. 740, 1898; ZtU. anorg. Chem., 19. 42, 1899. 
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§ 72. PliO0^onu OhIoioiiitEidei or Phoephcmltrilic Ohloildei 

In the attempt to piepare tfa e amides of phosphoric acid hy the action of gaseous 
ammcnia or ammonium chloride on phosphorus pentacliloride, J. von Liebig, ^ 
in 1832, discovered a remarkable compound which he called Chlorphosphorstickittoff 
- -remarkable because it was not expected that the compound would be so stable as 
to enable it to be distilled in steam, or boiled with acids or alkalies without 
appreciable decomposition. Analyses led J. von Liebig to the formula P 8 N 2 CI 5 , 
but A. Laurent, and C. Gcrhardt showed that the empirical formula must be PNCI 2 ; 
and, in 1864, J. II. Gladstone and J. D. Holmes tripled Laurent and Gerhardt's 
formula so as to make it harmonise with the vap. density. H. Wichelhaus then 
suggested a constitutional cyclic formula : 

NPd, 

a^^NPca. 

I 0 explain its stability; but II. N. Rtokes argued that since (1) the compound 
(lurumposes into urthophosphuric acid and ammonia, (2) it is formed from ammonia 
ni\d phosphorus peiitarhlonde ; and (3) there are no signs of double or triple-linked 
[iliuhphoric acids or of hydrazine in the decomposition products, the probability 
IS that the phosphorus atoms are united by nitrogen atoms, lie also believed 
that the absence of hvdroxylamine in the decomposition products sliows that the 
c'hloiiiie is probably united directly to the phosphorus and not to the nitrogen atoms. 
In agreement with these arguments, 11. N. Btokes prefers the cyclic formula ; 

PCI, 

N,| h. 

ci,pl,/pa, 

N 

He has also shown that this compound — now called triphosphonitrilic chloride, 
NaPsOeHe- is the first member of a series of polymers with the general formula 
(PN 012)^9 where n ranges from 3 to 7 and upwards. The more important physical 
constants of these compounds, mainly investigated by H. N. Stokes, are indicated 
iu Table XXXV. No member of the series lower than the triphosphonitrilic 


Tabue XXXV. — ^Thysioal Pbofebtieb or tub Phobphonitriuc Cblokides. 


Phnsphonltrlllr cblorlds fonnula. 

Ifpltlns point. 

Lolling pulut 

at 13 mm. 

700 mm. 

rhloride, (PNC1|)| . 

TotraphosphonitriliB chloride, (PNL’ 1|)4 
Peutaphosphonitiilii] chlonde, (PNC],), 
Hexaphosphonitrilic chloriile, (PNClj). 
^Bpiapbosphonitrilio chloride, (PNCl|)y - 
PolyphoaphonitriUo ohloride, (PNCl,)n . 

1U“ 

123-5“ 

40'6M1" 

90'^ 

below -IB" 
below 600" 

127* 

188° 

223°-224-3° 

261°-263“ 

2B9°-204° 

dopDlymorizea 

260 B" 

328 5" 
polyincrizes 
polymerizes 
polymerized 
on distillation 


chloride has been obtained. Each member of the scries can be converted by heat 
into a ittbber-Iike polyphosphonitrilic chloride 01 mixture of these chlorides of high 
niol. wt. and which are highly elastic, and insoluble in neutral solvents, but swell 
up considerably in benzene. On distillation at a higher temp., the higher members 
break down into the lower members, which can then be separated by fractional 
distillation. The polymerization of any member of the scries begins at about 230^, 
and is almost instantaneous at about 350’’ ; depolymerization begins just over 360°i 
and is rapid near iiuiipient ledness. 

VOL. VUL 3 A 
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Hm pniiantfon of the phoiphonltillto ehloridei.^Eqiiiinolecular paite of emmoniuiQ 
ohluride and phoaphonie peutarhloride aro gradually lieated in a oMod tube to 150° — 
frequently opoiiing the tube to allow the eecape of the hydrogen chloride^ and provent 
the development of too great a prossuie. A reaction nNB4C]+nPCl|B(PNClj)ii4'4nllCl 
occnn. The contents of the tube are esctrocled with gasoline, and the insoluUe rosidun 
is distilled by heating to incipient redness. The distillate is a crystalline mass permeated 
with a yellow oil. The mass is waslied with hot water, and afterwords distilM at 200' 
(13-15 mm.) in a sublimate Oask, aince the distillate aolidiilea on cooling. Tliis fraction 
contains the tri- and tJie tetra-phospLomtnhc clilorides ; the residue in the retort contains 
the higher members of the scries. The distillate ia re-fractiouated, and oiystaltized from 
benzene throe or four times ; the tetrapbosphonitrilic ohloride ocrumulatos in the mothei- 
liquid. Tho residue in the flask, boiling over 200° (13-16 mm.), is fractionally distUltul 
at 13-1 6 mm. press. On redistillmg tho fractions, ponia-, hexa-, and hepta-phosphomtnln 
chlondss are obtained. The lioxa-eompoimd is contammated with a compound 
from which it is soparated by fractional crystallization from benzene— the hexap]iuK|jliu- 
nitnlic chlonde is the less solublo. 

Instead of usmg the troublesome priK^ess of H. N. Stokoa, R. Schenck and Q. Koincr 
added 120-130 gnus oi aiiiinoniuin rlilondo to a soln. of 400 gnns. of pJiosphorus pentu 
chlonde in a Ltro of s-totinriiloinetliane, and boiled the niixtura in a reflux conilenht i 
at 135° until hydrogen chloride is no longer evolved from tlie calcium chlonde tube at tho 
top of the condenser. In about 20 hn , the ommomum chlondo is filtered od, and tliu 
solvent distilled oJf at about 11 min ])rceB The rehidue is a buttery mass frtHi frotn 
ommonium chlonde The >iold, 220 grms , is nearly theorrtical. The oil u romo\od I ^ 
suctional filtration, and tlio lost portions by benzene at 0°. About 100 grms. of mivnl 
f ri- and totra-phosphonif rilic chloiidcb remaui as a ciystallinc powder. Tins is rocrystalli/r d 
from bonzenn, fused st about 50", and distilled undpr reduced press At 10 mni pies^. , 
75 grms. of the tii pol 3 ’mer disfd nt 121°, and 25 gnns of the ietraqiolymer at 1H5 
These are rocryfalalhzod from btuizene or chloroform. 

According to II. N. Rtokc.s, flic first member of the Berien, triphosphonitrihc 
chloride, lo> forms large thick rhombic crystals of sp. gi. 1-08. K. Srhcuik 
and (j, Rumcr said that this compoimd boils at 134° and 10 mm., and mell^« ai 
114° ; and tliat it polymerizes to a colourless transparent mass rcseinhlnii: 
caoutchouc at temp, above 3^)°. H. N. Stokes found that it is soluble in etlier. 
chloroform, benrene, carbon disulphide, etc. KiO grms, of ether at 30° dis^oh* 
46-.') grms. of the solid, and li 0 grms. of benzene at the same temp. D 7-1 gnn 
The solid readily dissolves in glacial acetic acid, and in sulphuric acid ; wlien tlie 
latter ^uln. is boiled, a vapour with a pleasant aromatic odour is evolved, wliirli 
soon attacks the re>'])irntory pa.ssages, aud mokes breathing diificult. Altli[)iii.)i 
not readily attacked by water alc^iic, it is hydrolyzed when a soln. in alrohol fio 
ether is shaken with water. The final product of the action is trimetaphospliini'i 
acid, P 3 Ng(OH) 0 , in wiiirh all the chlorine is replaced by hydroxyl ; an intermediati 
product of the hydiolysi.s triphosphonitrilic hydzoxylchloride, l’ 3 N 3 r)l 4 (OH) 2 . ha'- 
been isolated in w»'ll-de(ined, nunute, prismatic crystals; other hydroxychlorjch ^ 
are probably formed at the same tame. Orthophospboric acid, ammonia, an*! 
hydrochloric acid are ultimiitc products of the hydrolysis. Aniline or pijicndim 
traii«^form the benzene soln. into the aniKde N=P(NHC 0 H 5 )ii, molting at 2 ( 11 “, am' 
the pipendide melting at 331°. R. Bchcnck found that cryoscopic and ebull- 
scopic methods show that the product of the action of aniline has the foininU 
{NI*(NHrBlIjj) 2 }j. F. Wissemann studied its action on methyl and ethyl alcoliul" 
benzyl and areloaeeiic ethers, phenol, a naphthol, and of hydrocyanic acid in pym 
dine and quinoline soln. ; and II. Kchaperkotter, the action on tertiary aniim ^ 
amino-acid cbters, and ammonia. Water in the presence of piperidine coiiveit 
the.se compounds into p 3 rridine hydrochloride and pyridinium metaphospliimat^ 
N=P(OH) 2 .C 5 HgN. All the pyridine is expelled at 200° and 11 mm. press., leaving 
a residue of mctaphosphimic acid. It is thought that neither of the closcd-ring 
fonnulsB 


^ • "<N-pa, 


Cl,P< 


N-pa, 

N-=pa, 


>N 


adequately e^lained the reactions. According to A. Besson and 0. Rosset, when 
triphosphonitrilic chloride is treated with liquid ammonia, one-third of the chlonno 
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ifi roplaced hj an amido-group, forming wbite triphlMQhimitEilic amide, P3N8(NH2 )q. 
Thitf oompound, when heated to about 220° for some daye, loaea ammonia, and 
furniHhes phoapham, PN2H. If dry ammonia gaa is passed into a soln. of triphos- 
phonitrilic chloride in carbon tetrachloride, slender, prismatic, needle-like crystals 
of triphosphonitlilic chlon^de are obtained, possibly F2N8CyNH2)2 are formed. 
The compound is insoluble in ether and carbon disulphide, and is probably an inter- 
mediate product in the action of ammonia on triphosphonitrilic chloride. Sulphur 
1 rioxide and nitrogen peroxide also form additional products with triphosphonitrilic 
ehlorido. When heated with nitrogen peroxide in a sealed tube to 20”-25^, triphos- 
phoniirilic chloride forms a compound with the ultimate composition P4O12N, corre- 
h]ioiiding with 2P2O5.NO2 — wde supra. The same compound is formed by heating 
])liosphnTUS pentoxide with nitrogen peroxide in a sealed tube to 200°. It is sparingly 
soluble in water, and the aq. soln. quickly decomposes. According to A. Besson, also, 
when the compound of phosphorus pontachloride with ammonia is slowly heated, 
It loses ammonia, and, between 175° and 230° under a reduced press. (50 mm.), 
white crystals of what has been called phosphonu dichlOTCinitEide, (PCl^N),,, 
siiltlirae. This compound is probably identical with H. N. Stokes' triphosphonitrilic 
chloride. The crystals, purified by resublimation in vacuo, melt at 10G°, and are 
distinctly volatile under reduced press, at 100°, so that the compound docs not pre- 
exist in the octammine from which it was prepared, for the latter does not form a 
Huldimato below 175°. 

The next mcmlier of the scries, tetraphosphonitrilic chloride, r4N4CIg, forum 
ridonrlcss prisms with a sp. gr. 2-18. B. Bchonck and G. Komcr gave ]85° for the 
li ]). at 10 mm. pre.sa., and 123-5° for the ra.p., and added that above 255° it behaves 
like the tri-polymer. TI. N. Stokes found that unalysca, vapour density deter- 
1111 nations in dry hydrogen, and the depression of the f.p. of benzene soln., agree 
with tlie formula 1 4N4CIB and by analogy with triphosphonitrilic chloride, the 
constitution may bo : 

N pa, 

< /'ivi. 

a,p NH 

It dissolves in similaT solvents to form the triphosphonitrilic chloride— thus, 100 
gruis. of ether at 20° dissolve 12*3 grnm. of the compound; and 100 grms. of 
hciizenp, 20-9 grins. It is scarcely attacked by boiling water, acids, or alkali-lye, 
hut Water acts upon the ethereal soln. rather more slowly than is the rase with the 
preceding compound, and forms tetrametaphosphamic acid, r4N4(0H)B.2Il20 ; 
an intermediate tetraphosphoilitrilic hydroxychloride has been obtained, 
11. Bchenck and G. Komer obtained similar reaciion.s with aniline and piperidine 
to those obtained with the tripolymer. While the oily phosphonitrilic chlorides arc 
tli might to be open-chain products, the tri- and teira-polymers are thought to be 
iloscd-chain compounds. According to R. Schenck, cryoscopic and obullisropic 
methods show that the product of the action of anihne has tlir composition 
{NP(Nll(^^n5)2}4. F, Wissemann studied the action of tctraiihosphonitrilic 
rhlnrido on methyl and ethyl alcohols, benzyl acctoacetic others, phenol, 
a-naphihol, and of hydrocyanic acid in pyridine and quinoline sob.; and 
n. iSchaperkotter, the action on tertiary aminrs, amino-acid esters, and ammonia. 

The next member of the series, pentaphosphonitrilic chloride, P5N5CIXQ, was 
found by H. N. Stokes to form a crystalline mass readily soluble in various orgauio 
solvents. It is readily attacked by water in ethereal soln. giving pentameta- 
phosphimic acid. It is precipitated by water from its soln. in glacid acetic aciil. 
Analyses and its efiect on the b.p. of benzene sob. agree with the formula FbNbCIxo. 
A. M. Vasiliefi modifying the definition of a eutectic regarded the pentameta- 
phosphonitrilio chloride as a eutectic ; (PNC12)4+(PNC12 )b= 2(PNC12)8. Finally, 
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H N. Stokes found that henphospbonitrilic ohloride, FbN6C1i 2, forms prin- 
matic rhombic crystals. It gives hexametaphosphimic acid when its ethereal 
Boln. is shakeB with water, and is but slowly attacked by boiling water alone. 
Hydrogen chloride is slowly evolved when it is exposed to moist air. Analyses 
and the b.p. of benzene soln. correspond with the formula PbNbCIib- AptS" 
phoqihcmitrilic chloride* F 7 N 7 ()lj|, is a colourless, viscid liquid readily miscible 
with organic solvents, and it behaves similarly with the otlier phosphonitnlic 
chlorides towards watery its mol. wt. has been established by analyses, and its 
effect on the b.p. of benzene. 

The oily residue remaunrig after the above compoiinda have boon removed bv diatillal mu 
IS doubtless a mixture of liiKlmr pohmondes Hezaphosphoheptanitrlllo chloride. 
reeembloH tho phofaplioniliilic thlondes m its grneial proportK*a; it fuses at 237*5, 
and boils at 2fil“-2fir (13 mm ) wiiliout cliango. It fnnnFi trensparent rhombic pnsmh 
Analysee and mol wt determinations lu Imilmj^ benzene agtee with the foimula V 
It may be hoxaphosphomlulic clilniido in wliioh tliioe atoms of chlnrino lia\e been 
replant by one of nitrogen. 

A series of phohphonitrilic bloniideB, (PNBr 2 )n» analogous with the pliospbo- 
nitnlic chlorides, have been made by the action of iimmoiiia on pho'^jiliorus pcnla- 
bromide. The phospliuiiitulic bromide, (PNBr 2 ) 3 , forms rolniirless rhombulicdral 
crystal^ which melt at 188 and are inboluhle in watei A. Besson obtaineil 
white crystals of the yhos'phorus dd^rumimtindt^ or triphosphonitrilic 

bromide, in a somewhat similar manner to that employed foi the corrcsponiling 
clilorjile. The crystals melt at 188^-11)0°, and sublime in vacuo at I Thi^ 
compound is insoluble in water, fairly soluble in ether, and less soluble in carbon 
disulphide and chloroform 

Iho antimony an^ogucs of tlie phoaphorus chloronitnlra, produced b^ the ai^biou nl 
aminoniuin chlondo on phnsphoniB pontachloiide, have nut boon piopurorl, mstead *)l 
iumisbuig the analogous antimony chloronitrlds, SbClg+Nn^Cl- SbNC’l^+^IIt^l, tho mam 
reaction proceeds 3Sbl Jg+ 2 NH 4 Cl- 3SbCl34 BHCl+N,. Bhomng that the ontmionii 
c blonde is reduced to the lower chloride — piesuniabK the pnmur\ leiw lion is a dopomposi 
tion ot ammonium chloride by chlDrine fiom dibbociated antimony pentaihlorido I'cni , 
ruprit, and rlirotnic cLlondos under biaiilar conditions are also redui'od to tho Inwn 
rhlondofl This agrocb with the gineral rule that only those metal chlondos which rcadih 
disboi late to a lower (blonde when heated with ammonium (diloride in a BPuled lube, bn ik 
U]) tho ammouiuni bdlt hberating nitrogen Mercuiic cliloiide is exceptional in that it 
iorma a doublo salt under Himilar conditions With titanium and tin tetrochlorutes tin ri 
18 no PDirofipoTiding ilisauciation imdrr the Lunrliiiona of the experiment, and no reuiinui 
o( luiB otlipi tljBU the formation of a doublo salt J. and J* Fireman tiied also to prepon 
analogues of the fKilymenc phosphonitrihc chloiidts with aiitimuny oi tin in ploco of 
pliosphonii^, and phosphorun m place of iiilrogrn }i> tbn ortiori of pho^iiihonium loduli*, 
PIIJ, on aniiinony penlac blonde, or tin tr tiachlondo Tho artion of phosphonium uiiiidi 
IS, however, radicnllv difloient Irom that of ommomum chlond(*, sinisi it (u ts as a pediiniiir 
agent Wlion phosphonium iodide and antimony pentachlonde arc brought into eoniofl. u 
leaciion on uni with explosive violonro, but when the two compounds are brought to^tliLi 
in a Rcaled tube and hoatod for say 5 hrs liotwreen 96® and 106®, tho pentoc lilonde is rodn< < 
to tho truhlondp, and a Oiird of the antimony is converted mto the tri-iodidi 
.Wbdj+SPlJ,! SbT,-f 2SbCl,+9l](Hril,42P; and with phosphoruB 
under similar (oiiditions, the reaction is symboh/ed; 3rn4-f3PH4l PTi+Hb 
+ 12HCl+4r Stannic cldorido, and phosphonium iodide under siuiilnr conditions funu*'” 
BtannouB chloride and lo^do ; 6SnCl|+6rHJ= 3SnCl,43SnI,+18H(1 f 2Pll3+4r 

Rsixbenobs. 

* H. N, Stoken, Amer. (hm. Jown.. 17, 276, 1896 ; 19. 782, 1897 ; B. mi P. 

30. 1 16, 1903 ; H. WirheUiaua, Znt. rAew,, (2), 6. 606, 1870 ; Ber., 8. 163, 1870 ; A. . Jw' 
mtnii, li., 17. 1900, ]f)84 j J. H. Olodstone ud J. D. HdIdim, Jimm. Chim. Sik., 17. 22^ 18M 
J. H. niariiitoDP, i6„ 2. 121, 1860 , 8. 137, 1861 ; W. CouMndge, i6., 68. 399, 1888 j E. fejM""' 
and G. Eomw. Her., 67. B, 1343, 1924; R. fkhBnck, B,r , 60 B, 160, 1927. J- 
LtAig'sAm , 11. 139, 1834 ; A. Laurent, Compt, Bend*, 81. 366, 1860; A Bobboo, 114« * 

1480, 1802; A. Beuon and G. RoMet, li., 143. 37, 1906; C. Geiliaidt, Ana. Chm. Pkv>- 
13. 204, 1846; A. M. Vasiliai, Joam. Bum. Fhyt. Ohm. Sue., 48. 428, 1910; V- Ww'Wniami. 
Umetzungen iff Photphointlnlehlcride mil Alhohokn, Phtnulen, Acelfutgetltr, vui mausm > 
Uunatrr, 1926 , H. SrhaperkOtter, UiBr dn EtnwkhmgvMterliAnn, Aminen, Amwo’Aww”'”' 
uud AmmnaMi mi/ PhoiphonuinMilonde, M&urter, 1986. 
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I 78. Ammoiilft Derivatives of ThiinMiOBtfluiilo Add 

Aiamonia derivatiyeB of thiophraphoric acid, PB(OH)g, have been leported in 
which the hydroxyl groups are replaced one by one by the amido-radide ; thus : 


OH OH OH NH, 

PS OH PS^OH PS'^NH, PS.-NU, 

''OH 'NH, ^NH, 

Thlophoflphorlo udd. AmldoUilophiMpborlc add. DlanddothlophopphoilD add. Tblophosphoryl amld«e 

.) . H. Gladstone and J. D. Holmes ^ agitated dil. aq. ammonia with thiophosphoryl 
rhIoridPi and obtained an acid liquor which contained ammonium chloride and 
amidothiophoqphorio add, SP(NH2)(0H2)| and from which the cadmium or lead 
Halts could be precipitated, but not the salte of the alkaline earths, or of iron, nickel, 
nr cobalt. Mercuric chloride gave a yellow thiochloridc which became black when 
trpated with acid. 

T. II. Gladstone and J. D. Holmes prepared diamidofhiopliospboiic add, 
SP(Nll2)2(01I), by the action of ammonia gas on thiophospboiyl chloride, and 
the product in water. T. £. Thorpe and J. W. Rodger obtained it by 
the nction of ammonia on tbiophosphoryl fluoride, and digesting the product in 
waier: SP(NH2)2F-(-H«0=HF+SP(NH2)20n. The acid liquor gives the 
riMctioiis neither of hydrogen sul()hidc nor of phosphoric acid. After nontraliza- 
tioTig tlie soln. gives white, floceulent precipitates with zinc and cadmium salts ; 
a greenish-while precipitate with a nickel salt ; and a bluish-white one from a 
cobalt salt. Tlie precipitates are soluble in aq. ammonia and in acids. Aq. sola. 
nl lead chloride give a white precipitate soluble iu dil nitric acid, and when the 
lirecipitate is heated with water, it blackens. The neutralized aq. sola, gives a 
yellowish-white precipitate with a sola, of a cop})er salt ; the precipitate becomes 
brown when dried, and it is soluble in an aq. solo, of potassium cyanide, but not in 
dll. acids or aq. ammonia. A sola, of stannous chloride gives a white precipitate ; 
and one of mercuric chloride, a white precipitate which soon passes into yellow 
mercuric thiochloride. No precipitates are produced with soln. of calcium, barium, 
magnesium, aluminium, or ferric salts. The metal salts decompose when heated, 
forming ammonia, and ammonium sulphide. The soln. obtained by mixing silver 
or copper salts with an aq. soln. of the acid, decompose when evaporated over cone, 
bulphuric acid with the separation of sulphur. 

IT. SchLff,2 and M. Chevriei reported Chiophoqihoryl amide. SP(Nll2)3, to be 
formed along with ammonium chloride when ammonia is passed over tliiophusplioryl 
( liloririe , the white solid first formed is pulverized and again exposed to the action 
of the gas. The product is rapidly extracted with water, and tbiophosphoryl 
amide remains as a white (II. Schifl), or yellowish- white (M. Uhovrier), amorphous 
mass of sp. gr. 1-7 at 13 ". When heated over 200", ammonium hydrosulphide is 
evolved, and at 240 ", about 20 per cent, of sulphur is formed. H. Scliiff said that 
if heated out of contact with air, the residue is free from sulphur and is probably 
phospham. According to II. BohiS, the compound is rapidly decomposed by 
Water, particularly if warm, forming hydrogen sulphide, and also, according to 
M Chevrier, ammonium thiophosphato. Fuming nitric acid oxidizes the triamido 
vigorously to phosphoric and sulphuric acids; and with polasKinm hydroxide, 
ammonia is evolved. The triamide is sparingly soluble in alcohol, ether, and carbon 
rlisulphide. The Zircon Gliihlampenwerk tried the triamide in making filaments 
for incandescent electric lamps. 

According to A. Stock and B. Hoffmann, phosphorus pentasnlphide and 
ammonia at ordinary temp, form a yellow addition product, P2S5.6NH3, and at 
""M", a colourless addition product P2S5.7NH3. The hexammine is considered 
to be ammonium diimidopentathiodipliosphato : 


NH«S 

NHJS 


>P< 


NH NHg. p .SNH4 

8 
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vhile tile heptammine is regarded aa a mixture of ammonium rntrilodithiopboephate 
and ammonium imidotritiiiophogphate derived from the diimidopentathiodi- 
phosphate : NH,+(NH|S)sF(NH).S.P(Nn)(SNH 4 ) 2 ->NP(SNH 4 ) 2 +HN.P(BNH 4 ) 3 . 
The ammonium imidotritUophosphate can lose ammonia in eucceaeive stages to 
form a series of imidotrithiophosphoiic acids, HN : P(B]I) 3 , thus : 

.SNH. ,SH ^ ,BH 

H— n=p(snh 4 n-N=r' snh* h— n=p<-sh h-n^p^sh 

SNH 4 ^SNH 4 ^BNH 4 sh 

Trlammonlum Imldotrlthio- Dtanunonimn Imldotrl- Ammonium ImldotrlUilo- Imidotrlthiophoepliorlc 
phoBphnte. thlophoaphate. ptuApImte. add. 

Thesp three ammonium salts, and the free acid, when heated may pass into tLio- 
phosphoryl nitrile, and at a red-heat into phosphorus nitride. When diamnioniuin 
nitrilodithiophosphate is heated, it loses ammonia, forming the monammonium salt 
— the free acid, nitrilodithiophosphoric acid, N j r(RI{) 2 , has not been miide ' 


N=P--S 

Thlophosphoryl 

nltrilp. 


N=P< 


BH 

SH 


N:^P< 


SNH 4 

SH 


KltrUndllhlnphiMphorle Ammonlam nitiilo- 
ai-id. diUiloplirwpliaUi. 


N=P< 


SN]r4 

SNU 4 


Uiammnntum nltrils 
JilhinphiMiiluito. 


E. Glatzcl obtained thiopbosphoryl nitrile» N; F : S, by heating a mixture of 
3 mols of phosphorus pcntaaulphidc, and one mol of ammonium chloride . 
2NIl4Cl+p2S6=^2NPS+2H('l43ll2S. A. Btock and co-workers obtained it b} 
heating one of the ammonium imidotrithiophosphatos in varuo. The decomposil inn 
begins at IfiO*", but the temp, should be carried to 323° very slowly in order to 
complete the reartion. It is also formed by heating imidotrithiophosphoiic eeid 
to 250°->230'\ in vacuo; or ammonium diamidopentathiudiphosphate to 27(/ 
in vacuo. The white product is stable ; it is very slowly atUrked by water ; ami 
quickly by hot dil. hydrochloric acid. Wheu heated to 140® with water in a sealed 
tube it is completely decomposed; NrS-f-lIl 20 =ll 3 P 04 -l- lied or 
fuming, warm nitric acid attacks the nitrile. Liquid ammonia has no action 
on the nitrile-group, but at high temp., phosphorus pentasulphide and nitride aie 
formed. 

A. Stock and co-workers were unable to isolate nitrilodithiophosphoric acid, 
N : P(SU) 2 , because when its salts arc treated with acids, the product docompo^f'.^ 
instantly into phosphoric acid, hydrogen sulphide, and timmunia. No reaction 
occurs when the salts are boiled with alkali-lye. A. Btock and co-workers found 
that ammonium hydranitrilodithiophosphatet NP(S 1 I)SNI 14 , is obtained by 
heating the diammonium salt in vacuo at 100® ; and by hcatiug the product of tlie 
action of liquid ammonia on phosphorus pentasulphide to 123 \ The product i.s 
a white crystalline mass, which has an odour of hydrogen sulphide when expoKcil 
to moist air; at 180°-200° in a current of an indifferent gas, or in vacuo, Die 
ammonium salt yields ammonia and hydrogen sulphide ; at 300°, thiophosphoryl 
nitrile; and at 800®, phosphorus nitride. A. Stock and co-workers found Dmt 
ammonium niliilodithiophosphate, NP(SNIl4)2, is produced along with ammimiinu 
imidotrithiophosphate by the action of liquid ammonia on phosphorus penta- 
sulphide or phosphorus hexamminopentasulphide ; or by passing ammonia ovei 
phosphorus pentasulphide. The ammonium imidotrithiophosphate is very 
sparingly soluble in liquid ammonia and crystallizes out, while the ammonium 
nitrilodithiophosphate dissolves in that menstruum, and is obtained by evaporating 
ofi the solvent. The colourless product is soluble in liquid ammonia, and when 
this soln. is evaporated, the ammonium salt remains as a white resinous mass. 
When the salt is heated it furnishes a voluminous grey powder and finally phosphorus 
nitride. At 100®, in vacuo, it loses a mol of ammonia, forming the primary salt ; 
at 180®-200° in vacuo or in a current of an indifierent gas, it behaves iDce Dio 
monammonium salt. It is easily soluble in water. When a mixed soln. of the 
diammonium salt and potassium hydroxide is treated with alcohol, an oily mass of 
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potasshun nlttflodlfhlophoq^ia^ NF(SE)2.nll20j u produced, which does not 
rrystallise when cooled in a freezing nurture. A sinular product was obtained with 
ihc calculated quantity of sodium hy droride, but, when cooled, the oil formed a mass 
()1 radiating needles of Bodinm mbilodithiophoaphate, NF(BNa)2.nH20 ; a sixailar 
product was obtabed by the action of sodium sulphate on the lead sdt. When 
the solo, is treated with a lead salt, yellow lead nitrilodifhiophosphate, NFS^^Pb, 
iq formed ; with barium hydroxide, a voluminous, white mass of barium nitlilo* 
dithiopbopphateb NPS2Ba.H20, is produced. 

A. Stock and co-workers found that when ammonium imidotritliiophosphate is 
li rated in an atm. of hydrogen sulphide, imidotrithiophosplioric ad^ UN : P(SH)3, 
iq formed: NHP(SNH4)8+3Tl2S— 3NU48H+NHP(SI1)3. The leaction bcgms 
ut about 90 °, and is continued for 12 hrs. at 140 °- 145 °, and completed in several 
days at 175 “- 180 °. The acid is pale yellow, and it becomes darker when heated 
and paler when cooled. It sp. gr. is 1 - 7 B at 16 - 5 °. No solvent is known which does 
jinl at the same time decompose the acid. It is insoluble in carbon disulphide 
even at 200 ° ; and it is hydrolyzed by water : HNP(BH)3 I-3H2O 
!^ILS-|- 0 P( 01 I) 2 (flNll 4 ). The acid loses hydrogen sulphide at a high temp. ; 
and at 210 °, it forms ammonium diimidopentathiodiphosphate. Liquid ammonia 
( rmverts the acid into the triammonium salt ; gaseous hydrogen chloride has no 
action on the acid at ordinary temp., but witb liquid hydrogen chloride, it forms 
hydrochloroinudotnihiophosphorio add, NP(SU)3.UCI, which gives oil hydrogen 
r liloiirle at 125 ° ; and with water forms sulphur and hydrogen sulphide. A. Stock 
and ro- workers made tiiaiiimoiiiam imidotriUiiophosphatoi 1INP(SNH4)3, along 
with diammonium nitrilotrithiophosphate by the action of liquid ammonia on 
phosphorus pcntaaulphide or hezamminopentasulphide the imirloirithiophosphate 
1^ insoluble in liquid ammonia, the other product is soluble. The salt is obtained 
by the action of liquid ammonia on the free arid; and by heating phosphorus with 
a soln. of sulphur in liquid ammonia at 1 (X)° when the brown soln. deposits this salt 
oil standing. A similar result is obtained by dissolving phosphorus hcxasulphide 
in liquid ammonia. The triammonium salt is a white, crystalline mass. The crystals 
arc Jiygroscopic, and in dry air effloresce owing to the loss of ammonia ; but they 
ran be preserved in sealed tubes. The salt is very sparingly soluble b liquid 
uiiimonia, and the solubility is but little ailcctod even by raising the temp, to I() 0 °. 
The salt is soluble in no other ^owu organic or inorganic solvent without chemical 
I liange. The aq. soln. has an alkaline reaction, and the salt is hydrolyzed, for the 
irnido group is displaced by oxygen so that the liquid gives the reaction of the tbio- 
phasphates ; after some hours, the liquid smells of hydrogen sulphide, and it then 
reacts with a nitroprusside. If the aq. soln. be treated with alcohol, ammonium 
Irithiophosphato is precipitated. The salt loses a mol of ammonia W'heii heated 
lu vacuo at 50 ", and it is transformed into the diammonium salt ; and when heated 
to a high temp., phosphorus nitride is formed. When heated in an atm. of hydrogen 
Hulphidc, the ammonium salt is converted bto the free acid. When the salt 
is treated with sodammonium in a sealed tube, trisodium imidotiithiophosphate, 
Nil r(8Na)3, is formed: NHP(BNH4)3-|-3Na=UNP(8Na)3+3m A. Stock 

and co-workers prepared diammonium imidotrithiophosphate, NHP(BII)(SNH4)2, 
by heating the triammonium salt in vacuo at 50 ° ; and by leaving the triammonium 
Mlt in vacuo over cone, sulphuric acid for 7 days. If the triammonium salt be 
treated with sodium ethoxidc, disodium imidotrifhiopbosphate^ NHF(SH)(SNa)2, 
in formed. When the diammonium salt is heated in vacuo at 100°, it forms 
anmioiunm imidoMthiophosphate, NHP(SH)2(BNH4). 

A. Stock and co-workers obtained impure dumidopentathiodipbo^horic add, 
^{P(SH)2 : NH}2, by heating imidotrithiophosphoric acid for a long time at 210°. 
It id Bu{i^Bated that jlkosf}\oTyl iUmidosulfkide^ S{PS(Nn)2}2) is formed as an 
intermediate product of the decomposition at about I<lO°. They obtabed 
ammonium dumidopentafblodiphosphate, S{P(SNH4)2 : (Nll)}2, by the action 
of ammonia at ordinary temp, on phosphorus pentasulphide ; and also by adding 
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3 gims. of the powdered sulphide to 12 o.o. of liquid ammonia near its h.p., and 
evaporating the ammonia from the yellow soln. The product is a yellow, hygro- 
scopic solid which when heated to a high temp, furnishes phosphorus nitride ; in 
vacuo, at 270°, it yields thiophosphoryl nitrile. The yellow soln. produced by cold 
water deposits sulphur, and has an odour of ammonium sulphide ; the freshly 
prepared soln. docs not give the reactions of phosphoric acid. The soln. in liquid 
ammonia forms ammonium imidotrithiophosphato and nitrilodithiophosphate as 
indicated above. 
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CHAPTER L 

PHOSPHORUS 

§ 1. The History ol Phosphoma 

rhoBphorua is onp of fhp moat remarkable of the many remarkable Bubstanres known 
tn the L'humiAt, The curious mptliod of its discovery, the universality of its distribution, 
its juliinato Douneotion with the phrnomenu uf anim^ and vegetable life, its extraoidinary 
|)li^ siL-al proportirs and chomical activity, its abnormal molecular constitution, the protean 
. n iK of allolropic lrHJi<«rorfriation, aU romluno to make up a history which abundantly 
justihes its old a])pellation of the phonphonia mtraltlia — ^1' E. Thorfb, 

Ai'C'Oriunq to F. Jjicetus,^ souiewlierc near the beginning of the seventeenth centaiy 
» boot-maker, V.DahciaTolus or Cascioiolus, found a stone onMonsPadeinus, Bologna, 
which was so heavy that lie thought it contained a heavy metal. He found that 
lifter the sluiie — barytes Imd been calcined in a charcoal fire and cooled, it glowed 
in darkness with a reddish light. It was called lUhtiOsphorus, or lUheophornit ; 
and also Bologna stone or lapis bontmiensis. Some years later, C. A. Baldewcin 
discovered another variety which he called phosphorus hmnelicus, ox mognes 
hifninatis ; and which came to be known as Baldwin's phosphorus Tn the 

seventeenth century, the term phosphorus -from light ; ^epco, I bear— was 
applied to designate any substance which was capable of becoming luminous in 
tlic dark. 

J. von Kunckel related in his IjahuTaturium chymicum (Hambourg, 1716) that 
he heard that Hennig Brand, whom he ironically called a doctor ieutomrus, had 
])iepaicd a kind of pho.sphnrufl which gave a continuous glow in darkness ; without 
being illumined by any lucid substance, (i. W. von Leibniz, in hia Flistoria invert ■ 
tioiiis phosphori (Berlin, 1710), said that II. Brand wa.s an impoverished merchant 
who sought to restore his wealth by converting base metals into gold ; and during 
bis alchemical experiments with urine discovered phosphorus, zujallig, A letter 
from H. Brand to G. W. von Leibniz, published by U. Peters,^ makes it appear that 
H. Brand first prepared phosphorus in 1669. J. D. Kraft bought the secret from 
IL Brand for 200 thalers, on condition that it was not communicated to J. vou 
Kunckel. J. von Kunckel, however, did learn that H. Brand's phosphorus was 
obtained from urine ; and soon afterwards disoovered the mode of preparation. 
T he properties of the newly discovered phosphorus were first described in a disserta- 
tion : NoMuca oonstans et per vices /tUgurans, dinlissiint qucBs%ia, nunc reperta 
(Wittcuberg, 1676), by J. von Eunckers friend, 6. Kiichmaier, in 1676 ; in 
J. S. Elsholz’s De phosphorisquatuor observatio (Berlin, 1676) ; and in G. Schulze's 
phosphoro liquid, observatio (Berlin, 1677). Shortly afterwards, J. von Kunckel 
deseribed this substance in his Ocjfentlirhv Zuschrifi vom Phosphoro mvrnbili und 
dmen leuxihtenden Wunderpilulen (Leipzig, 1678). About 1677, J. D. Kraft 
exhibited this wonderful das kalte Feuer, or das immerwShrendc Feuer, to various 
crowned heads in Europe, including Charles II of England. Robert Boyle ^ heard 
of this Bubstauce without being informed of its mode of preparation, other than that 
it was obtained from an animal source. On October 14, 1680, he deposited a 
Bealed packet with the Secretary of the Royal Society. This included a paper 
containing an account of the preparation of phosphorus from urine; it was 
pablished posthumously in 1693. Robert Boyle said : 
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On September 30, 1680, there was token b considerable quantity ef man’s urine (because 
the liquor yields but a small proportion of the desired quintessenoe), and of this a food part 
at leort hi^ been for a pretty while digested before it wsa used. Then this hquor was 
distilled with b moderate heat, till the spirituous and saline ports wore drawn off, after 
which the superfluous moisture also was a^tractod (or evaporated away), till the remaining 
substance was brought to the consistence of a somewhat thick syrup, or a thin extract. 
This done, it was well inoorporatod with thrice ita weight of fine white Bond, and the 
mixture being put into a strong stone retort, to whicdi a large receiver (in good port filled 
with water) was sn joyn’d that the nose of the retort did almost touch the water. Then, 
the two vessols being carefully luted together, a naked fixe was gradually administered for 
five or six hours, that of that which was either phlogmatiok or volatile might come over first. 
When this was done the fire was encreased, and at length for five or six hours was made as 
strong and intense as the furnace (which was not bod) was capable of giving (which violence 
of fire is a circumstance not to be omitted in the operation). By this means there came 
over Mod store of white fumes, almost like those that appear in the distillation of oyl of 
vitriol ; and when those fumes are passed and the receiver grew clear, they were after a 
while succeeded by another sort, that seoroed in the receiver to give a faint, blewish bghi, 
almost like that of httlo burning malches dipped in sulphur. And, lost of all, the 1ii« 
being very vehement, there pahsed over another substanco that was judg’d more ponderoii'* 
than the former, because it fell through the water to the bottom of the receiver, whenn 
being taken out (and portly even wliilst it stay’d iliere), it appeared by sovoral effects and 
other phenomena to be euch a kmd of substance as wo desired and expected. 

Acoording to G . W. Stahl, J. D. Kraft alleged that ho communicated to B. Boyle 
the mode of preparing phosphorus during his visit to England, but this as^icrtiou 
is generally discredited. V. Hoefer summed up his opinion ; 

Comma il est le promior qui ait fait ooniioitro pubhquemeni la preparation dn re corp^, 
k raide d’un proci^de que porbonup no lui avoit appris, on pourrait, aveo quelquo juuin i 
reclaimer pour lui I’honneur dr la dficouvorto du pJiosplioro. 


According to F. Hoefer, a manuscript entitled Ordinatio Ahkid Bechil Samern 
phUoaoplii — contained in the collection of alchrmical manuscripts at the 
thkque Royal, Fans — shows that about the twelfth century AlchidBcchil obtained 
what he called escarboucle by distilling urine with clay, lime, and carbonaceous 
matters, and that it is highly probable that phosphorus was known as i/n Iris-grawt 
secret to the Arabian alchemists. They seem to have been continually distilling 
all kinds of phosphaiic materials — ^urine, bones, etc. — ^under conditions wk^'ic 
phosphorus is sure to have been produced. 

According to J. Bell, and G. Gore ; 


In London, about tlie beginning of tlie eighteenth century, R. Boyle’s assibtfluti 
A G. Hanckewitz made pliosphorud by B. Boyle’b procoHH and Hold it in Europe llni 
demand seemed in part due, as A. G Hanckewitz expressed it, to the alchemists who wDik 
on microeosmical substances, and out of il they promise themselves golden mountains 
A. G. Hanckewitz had the monopoly oi its sale for many yeace, so that it was somotiincs 
called Enghsk, or Boyk'a phosphortM ; as well os Kunckc^'a phosphorus. Brand's phosphomu, 
and Kraft's phosphorus. To difliinguiah this new pbospbonis from the phosphoroBcnnt 
minerals, J. von Kunckel called it pJiosphorus mirMlis, and 2vmen constans ; B. Bn>lc 
designate it noMuca cansisims, nociiluca gummosa, nodtluca consUms, nodtluca afM». 
and nocUluca glacxalis ; while others also called it phosphorus futgwrana, phosphorus \gncuf, 
phosphorus pyropus, etc. 


According to H. Peters,* there is a letter from J. G. Gmelin of Tubingen to 
J. W. Dieterich of Niirnbcrg, in the possession of H. Eammerer, which shows that 
J. 6. Gmelin described the preparation of phosphorus from urine and chucoal in 
Sweden in 1715. In 1737, the secret was learned in France, and a description ol 
the process of manufaotnre, namely, by distilling urine with sand and carbon, waa 
described by J, Hellot. A. S. Marggiaf appears to have obtained better yields by 
using lead chloride in place of sand. In 1781, J. R. Spielmann described tlia 
preparation of phosphoric acid from urine. The history of phosphorus was lii*" 
cussed by L. Franck, H. Peters, and L. P. J. Palet. B. Albinus detected phospboriia 
in mustard and cress ; and A. 8. Harggrof, in the growths from mustard, craa-<i 
wheat, etc. In 1780, J. G. Gahn found a mineral in which the phosphorus w<is 
united with lead. T. Bergman, and J. L. Proust found phosphorus in apatite- 



PHOSPHORUS 731 

In 1771, C. W. Bcheele mentioned the occunenoe of phosphonu in bones, while 
T. Bergman said that the fact was discovered by J. 0, Oahn, about 1770. 

Then is eome doubt as to the disisoverer of the phosphorus compounds in bones. 
Keitbor C. W. Bcheele ' nor J. i}. Gohn publislied a special paper on the subject. In his 
])aper : Undersdkmng om fluss-apat och dm ayra (1771), C. W. Scheelo said that it has 
i-pcontly been discovered that the earUi of bones or horns is calcorious earth combined 
with phosphoric acid.” T. Bergman, in liis edition of H. T. Scbefler's ChemUche Vorle- 
(OnisBwald, 1779)« aacriljed the discovery of phosphorus in bones to J. Q. G^n 
ill i769. A. E. NordonskjOld, from one of C. W. Schoolers letters dated Friihjahr, 1770, 
inferred that J. G. Galm and C. W. Bcheele made the discovery together in tlie summer 
of 1770. H. Gedm, brother of J. G. Gahn, said that the discovery was made by J. G. Qahn 
nnd confirmed by C. W. Bcheele. 

G. Homborg > considered phosphorus to consist of phlogiston united with an 
acid so that during combustion the phlogiston escaped, and the acid remained as 
a residue. G. W. Stahl, and J. Hellot supposed the acidic constituent to be hydro- 
chloric acid; F. Hoffmann, a compound of sulphuric and hydrochloric acids; 
II. Boerhaave, sulphuric acid; and A. G. Hanckewitz, sulphur. A. S. Marggraf 
pliowod that G. W. SLalils hypothesis is very improbable, and that in the con- 
vorsinn of phosphorus to phosphoric acid (i/.v.) there is an increase in weight. 
A Ij. Lavoisier's investigations on combustion demonstrated the elementary nature 
of phosphorus; so that lai^or suggestious of the complexity of phosphorus are 
mere speculations. 

('. (jirlnnnnr'fl fanciful suggr^tion that phosphorus conlains much hydrng&n and a litilo 
oxvgen. wna disproved by Jl. Davy, ^ho obssrvud tho formation of imiMiLT oxygon nor 
Ijvflrugcii chlondn during tho coTnl)Ufitiou of phosphorus in chlorino. 11 . Davy, liowovep, 
did tiiid Ko uiiirli hydrogen was given oil from phosphorus during tho possago of the eloftrio 
rorn>nt. that ho oouhl say “tho hy dragon cannot well bo considert'd as an arid den Lai ingrodiont 
uf t liis body.” J. N. Lockyor also ashuined tliat phosphorus was a coin))0iind of hydrogen, 
hut uotliiirg new dovclopod from tlio hypotliesis. F. B. Fittica alleged that by heating 
pliOdphonifl with uminoniiiin iiitrato it can bo trantJormod into arsonic ; that areenic, in 
turn, 18 a nonipoimd of iiitrngi'n, pliosphorus, and oxygon, ; and that rod phosphorus 
IS n faiilphidp, U. Winklur, A, U. f’hrihtomanos, G. R. C;5'zandi»r, and M. (J. Bchuyten 

olilfiinod no siipjiort for F. B. Fiitica’s sterile suggostion. Any aisonio in tJio final product 
rd his cx])orimDnt must linvo Imon presont aa impurity in the initiol matoriols. 
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§ 2. The Occnimioe oi Phoephonu 

Phosphorus is nearly tlie most widely and evenly distributed eleinont on the surface 
of tlie earth, and probably the most subdivided. Tliis can be readily undontood when tlm 
important part wliicli pliosphonc acid plays and lias played in the vital cosmos is taken 
into consideration. Phosphorus was on the earth in gaseous, liquid, or solid form bofoin 
the dawn of life, and since then, all animal and vegetable creations have combined with 
the physical forces always at work in inanimate nature to distribute and redistribute the 
phosphorus, to divide it up, and carry it from place to plac^e. If the biography of atoni'i 
could be written, the chapten on phosphorus would be the most interesting and the most 
varied. — ^W. H. M. Davidson (1803). 

Phosphorus has not been found to oocur in a free state on the earth. If it were 
formed by a natural piooeaa, the affinity of phosphorus for oxygen would result 
in the oxidization of the element where accessible to atm. air. Phosphorus is 
fairly abundantly distributed and, with a few minor exceptions, it occurs in Ihp 
mineral kingdom as a phosphate. Thus, nearly all igneous rocks contain a litili' 
phosphate generally as apatite. According to F. W. Clarke and H. S. WaRhiu^- 
ton’s estimate,^ it is more abundant than carbon, and less abundant than chluiinp 
in the ten-mile crust of the earth, hydrosphere, and atmosphere, Fhospliurus is 
] 2 th in the list of the elements which make up 99-6 per cent, of the crust of the eari li. 
The numbers are; oxygen, 49-19 per cent.; iron, 4-68, chlorine, 0-228; phos 
phorus, 0-142 ; and carbon, 0-139. It is 10th in the list for igneous and sefliment.iry 
rocks, and also for igneous rocks. The average percentage of P 2 O 5 in igneous rocks 
is 0-13; in shale, 0-17 ; in sedimentary rocks, 0-09 ; in sandstone, O^B; and in 
limestone, 0-04. J. 11. L. Vogt estimated that the igneous rocks contain 0-22 per 
cent, of phosphorus. This subject was discussed by H. S. Washington, V. M. Gold- 
Schmidt, W. D. Harkins, J. F. Kemp, W. Lindgren, W. Vernadsky, anil 
6 . Tammann. W. Vernadsky gave 0*056 for the percentage amount, and 0*1 for 
the atomic proportion. V. M. Goldschmidt estimated that the natural supplies uf 
available phosphorus will last over a century, but M. Pietrkowsky pointed out that 
the estimate does not include the North African deposits. The subject was 
discussed by W. Packard. 

U. A. Rowland , 2 and M. N. Saha could find no evidence in the solar spoctruin of 
the existence of phosphorus in the sun ; but phosphorus of cxtra-tenestrial origin 
has been found in meteorites. 0. C. Farrington reported the occurrence of free 
phosphorus in the meteorite which fell in Saline Township. Iron phosphide, aud 
iron nickel phosphide have been found in numerous meteorites S-Hiiide infra, iron 
phosphide, and schieibersite, and rhabdite. 

The salts of phosphoric acid are very widely distributed; and, as J. B. J. D. Bona- 
singault^ noticed, most of the naturally oocurring phosphates are salts of ortho- 
phosphoric acid. This, however, does not necessarily mean that th^ were not 
formed at a high temp. W. B. Phillips has oompiled a list of 141 minerals witn 
the equivalent of over one per cent, of phosphoric acid. In the appended listj the 
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rormnltB Bn more or leu vaiieble and have not always the same significanee as the 
foimnln of chemical compounds. 

Al(Li,r,0H]P04, a mixture of phosphate of aluminium and fluoride of 
lithium anrl sodium, with Bometiuos a littlo potassium (tricUnir) ; opoftfe (l'',Cl)Ca|(P04)9, 
normal calcium phosphate (hexagonal); augtlUe, AlstOIljiPtJg, hydrated phosphate of 
iihuniiiiaiii, containing also a little calcium, iron, and msnganese (monoolinio) ; outumfe, 
irrO luOafrOili.SHiO, hydrated phosphate of uranium and calcium, rontaiuing also 
Munet lines a little barium, manganese, magnoBium, and pofwibly tin (rhombic) ; harrandUf 
(\1 Fo)PO,. 21 I| 0 , hydrated phosphate ol iron and aluminium (massive); heraunite, 
Ko*(OH).(P 04)8.3H,0, hydrated phosphate of iron (monocliiiic) ; beryllonUe, BoNaPOi; 
h'jbUrrUe Mg8(P04),.»llt0, normal phosphate of inagnosium witli water (monoclinic) ; 

Ke.(0Il),CB(I’04), . 311 . 0 , hydrtted pL(^Ji»te of iron CBtorara. 

with Bometimos a little nagneeiuin (meesivp); Imuhtk, CiiIJP 0 ,. 2 H, 0 , hyoratrt 
mnnoboei’’ f nloium phoephatn (monoclinic) ; caUaUt, Al|(On )||* 0 , 6H .0 (ifaoinijic) ; roleto- 
(Ke,Al),(0H).(('B,MB),(PO,)..8H,O; hydrated phaephate of iron and roldu^ 
I-niiluiniiig also aluminium and maguosium (possibly monoclinic) ; caiiatnUe, All 04.2^ U ,U, 
liMlrulcd phosphate of aluminium with a littlo silica, iron, and calcium (massivo) ; efidUo^ 
8^.1 Iff (AlFo)-(FcO)4l'u(PU4)4.8H,0, hydrated phosphate of iron with aluminium and 
ioniicr (liiclinir) ; chtldremte, Al(0H)a(KD8Mn8tJB)P04 ll.l). hydrated phosphate of iron 
mid Hliiiiiinium, with nmnganuHO, and a little magiicsiuin and calcium (rhombiR) ; nrroliti. 


iilHisplfale “of iron, and ijfllcium(?); d%ado(didt, 

hulnhuto and iihosphuto of iron (possibly monoclmir) ; dihydrtte, tu(tuUil)4(] 04)4, 
hvdralod phusnliato of copper (triclinicj ; CufCu0JT)4(P04)8 11 * 0 , hydrated phos- 

iilialu of copper, with vanadium (rhombic); eUoiionU, tFe01i)alP04)*.21H|0, hydiated 
nhosphalc of iron (mnnoclinic) ; rosp/ioriVf, Al(OH)*(Mn,Fo)l*l)4.H*l), hydralod phos- 
phate of Tiianganese, altuninium, and iron, aith a little calcium and sodium (rhombic) ; 
Ii'U/isf/f, AMDII )4r 04. 011 * 0 , hydrated phosphate of aluminium (massive); Jairfieldite, 
((u:\1ii,Fc)(I' 04),.2H,0, jhydrated normal phosphate of oaloium, with manganese and 
iron (t.icliinc); filhwiic. {Ca.Na„Fe,Wn),(lH)4),.JH4a noim^ n' 

iinu, calcium, and sodium, with a littlo water (monocluiic) ; fisctiEnti, Al|(OH),ro«.6U*U, 
hvdratcd phosphnto of aluminium, with a littlo iron, copper, and manganese 
Idiiiinbic); gihhHite, Air04 4 H*O; hanUtntte, 3 Al( 0 II)*(Srt)ri)P* 0 , ; ham^yUe, 
Mg, (N 11^,114(1*04)4.811*0, hydrated phoi^hatc of mmonium and 

It 
{ 

phnlpiiate of zinc, with a littte cEMlmium (rhombic) ; fcTirfWibtr (MnFe)'*H,(r04)4.4H^ 
JivdiRted phosphate of manganese, and iron, with a httlo silica (monocl^c) ; woriose, 
(’a^(OK)l’()4.2H,(), hvdnilPd normal phosphate of calcium, with oalciuin hydrate ; con- 
tniii'i, also, magnesium, sodium, and a Utile iron and aluminium (monoclimc) ; ramrenr, 
h0if()M)*ru,.44H,O; krawrUn, Ke,(0il),P04 (rhombic); laxmannxte, (1 b,U>3(r04),- 
J’b{lM)d)(CrO,)*}, a mixture of chromate and phosphate of lead and copper, with a little iron 
and wttiM (monoclinic); loswWe, (I[OAl)*.Mg(Fo,CB)(:P04),. hydrated phosphate of alu- 
iinniiiiu, magnesium, and iron, sumotimes containing a little calcium, m a n g a nese, silica, and 
foppiT (monoclinic) ; libetheniie, Cul'Oi.CuOH, hydrated phosp^te of 
1 lilies a little arsenic and iron (rhombic); fMdftwnifs, Fo|(FdOH)*(J 0|)|.8H*0, hydrated 
liliiisjihntu of iron (monoclinic); lUn^rgite, Mg(B0*)*.2MgHP04.7U,0, a mixture of 




oi calcium (triclinic) ; nairophyllUe, Na(Mn,Fe)F04 (rhombic) ; nci^eiyde, MgHl ^ 
hydrated monobasic phosphate of magnosium (rhombic); pegairvUe^ AJ,(Uli),r04.J.^jl*u, 
hydroted phosphate of aluminium, with a little copper and iron (rhombic) ; ptuuipho- 
I iirAodn/f ;cu(0H ).P0* ; phoEpkunnylite, hydrous phosphate of i^u^ with le^ (massive); 
/'o/W^ocrife (CaI*bH)aF(r04)„ variety of pyromorphito, containing 11 per cent phosphate 
of calcium (massive); pamdolibdhmUti^ Cu(CuOH)r04.1H,O, variety of h^themte, but 
puiitsins twice as much water (hexagonal or rhombic) ; pynmorpniie, (;aFbB(X 1/4)*, a mixture 
uf phosphate and chloride of load, containing, also, Boinetimee 

won, chromiutn, and silica (hexagonal); redd mg \U (Mn,Ife)*(J 04)*.311|0, hydral^ 
phoflphaio of tnafigaiMiy* BoinatunDB rontaining iron (rhombic) ; .jiAamic, 

AI,(0H),(P0.),.12H,0, hydmtadpliOBphateof Bluminium, withalittlemapiBBU^ Mlcinm, 

Mid silica (nuusive): stotfeWe, (i,(P04)lCO,)(CaP,),.H.O. aHeration produrt of apatit^ 
pontains calcium, iron, fluorine, oarbonio md, aluminium, water, and lodme (hn^o^) ; 
rtfTcorttf, NaH(NH4)P04.4H,O, hydrated phosphate of sodium and ammomim with b^mxd 

riiluride, oaloium oarbonate, oaloium phosphate, magnesium, oto. (monoolinio); siwiOsrgUc, 
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NB|(Ca0n)(A]0)|(S04)a(F04)|.SH|0, hydmted phosphate and sulphate of aluminium and 
BOchiim, v(ith calcium and iron, and somptiines a httlo lead and n^neeium (hexagonal j ; 
iaqilUf, Cu(Cu 0H)P04.U|0, hydrated phosphate of ooppor, with sometimes a Lttle iron 
(monoclinio) ; tavUtockUe, CsaAlitOlIlilPOJa.SUiO, hydmt^ phospliate of ralcium anil 
aluminium (massive); irip^itne (Mn,Li,Fe)(P04), phosphate of iron, manganese, and 
hthium, vrith a httle sodium, calcium, magnesium, potassium, silica, and water (rhombic); 
tripUte, F(Mn,Fe)4P04, phosphate of iron andmangsiiBse, sometimes with a little calcimn, 
magnesium, sodium, fluormo, water, sihco, and hthiimi (monoclinio !) ; triploiditif 
(Fe,Mn)(Fefl0,Mn1P04, phosphate of manganese and iron, with a little water and calcium 
(monocl^c) ; froUcitc, Al4(0H)4(P04)j, hydrated phospliate of aluminium, and a htllu 
iron and calcium (massive); uranorvmte (I}0|)|Ba( 1*04)1.81140, hydrated phosphate nf 
uranium and barium (rhombic) ; vajii/nte, AIPO 4 2JI,0, hydrat^ phosphate of aluminiuiu, 
(rhombic); rmont/e, Fe,(P04)|.SJ1|0, liydrat^ phosphate of iron, sumotimes with a 
little aluminium, manganese, silica, and organic mutter ; consists essentially of water urifl 
ferrous and forric phosphato (monothnic); iroyaenfr, FMg4P04, normal phosphato ril 
magnesium, with nuonne, iron and calcium, and sometimes a httle manganese and 
alummium (monoclinic) ; wawUite (A10ii)j(P04)4 SUjO, hydrated phosphato ot 
aluminium, somotimrs a little iron, fluorino, silica, calciiiin, and mangtiuese (rliombn ) , 
xenotime, YPO 4 , phosphate of jitnum, somntimos, also, ^ith cnriuiii ; lanthanum, didi 
miuin, uranium, titanium, zircunuim, lluoiino, iron, and silica (tetragonal); zepharoiulnl, 
A1I*04 3Jd xO, hydrated phosphate of aluminiuin, with silica and calcium (mohsivo). 

Deposits of phosphate rock occur in most countries ; they are found in liic 
marine bods ranging from the old Cambrian beds to the Terihiry beds, and lu tin 
ocean'4 of to-day, dredgings slinur that such deposits arc being formed. Ai corrlin^; 
to F. W. Clarke, B the phospliatic concretions found on the ocean floor co/iM>t 
mainly of calcium phosphate and carbonate mixed with sand and clay. IJnv 
have been discussed by L. W. Oollot, L. Cayeux, etc. According to J. Murray ami 
A. F. llenard, they are derived from the decaying bones of dead animals u]iiiu 
which carbonic acid exi^rts a powerful solvent action. They form round vuimih 
nuclei —principally shells. In many cases, the phosphaiic matter was fii>t 
deposited in the cavities of shells, around which the nodules continued to gnm 
The ammoniacal matters from the decomposing organic matter in bone proli.ibl* 
played some part in the precipitation of the calcium phosphate. Lime is Oe 
predominant ba.se in the natural phosphates which have an economic value, at >1 
such are often called 'p/mjAuritc (f.i*.). Analyses were reported by T. Steel, rtf. 
The composition of a few samples is indicated in Table I. There is usuall) lu 

I. — CouFDSiTiON OF SoMx Nattual J’jTOSJMi 


Jnsolublo 
Almma, ALOx 
Feme oxub', Fu/)* . 
Magnesiii, HlgO 
Lime, C'aO 
Alkah. (K.NajxO . 
Water, 

Carbon dioxide, t'0| 
Phosphoric oxide, 
Sulphuric oxidu, Sf)| 
Fluoiiiie, F . 


( la^fnrd 
Mid , I Uh 


1-82 
O&O 
0 2G 
0 22 
SO-97 
2-47 
1-05 
1-72 

2‘9B 
0 40 


Land ppbblr^i. 
ol Florida 


6 09 
214 
U-61 
0-33 
46 03 

4*20 
3 03 
31*50 

1*86 


Oaffla, Tuiild 


3 05 
P09 
0 b4 
U'57 
48*58 
0*09 

4*60 

29*74 

2*70 

2*12 


Aruba. 

W 1 st ludii s 


2*05 

1*80 

46*37 

0*62 

1*53 

35*70 

1*55 

4*22 


Am Iblil i, 
AIki j 


J 1*93 

0-18 

DU*71 


G 15 
32 22 
1*51 
2*SU 


addition some silica, organic mutter, and chlorine. Iodine has been repeatedly 
detected in phosphorites, but the evidence with respect to bromine is not so cleai 
The first analysis is by G. Steiger ® ; the second by G. H. Eldridge ; and the thu 
by 0. Tietze. Phosphate rock is often mined by steam shovels, and usually pr'*’ 
pared for the market by a preliminary screening and washing to remove clay , ^ 
j8 then crushed, screened, and picked to a grade C5-80 per cent, normal calcium 
phosphate. 
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TliB piAnos liftve nndeigone mova or lees decomporition by tbe aotioii of ndn. etc., and 
they an Mid on the per oent. of nitragon ” they contain. Borne guanos are enrich^ by 
the addition of dried blood, ammonium phosphate, etc., and sold as special fortiliaem. 
Nitrogenous matteTS and potash, all valuable manures, aie also associatod with guano. 
The aniT*^^^ skeleton is mainly composed of bono. Bones contain nun-combustible mineral 
matters, and combustible organic matters. Fatty organic matter can be extracted by 
digssting the bones with solvonts like benzene, carbon disulphide, ether, chloroformp etc., 
which (hiuolve the fat, and leave behind deceased honea ; the gelatinous matters— glue- 
can be extracted by digesting the bonee with wal or heated under pressure— d«geZa(tmzed 
hon^B remain behind. The degelatinized bones still contain combustible oarbonaoeouH 
matters, and if they be heated m iron retorts, out of contact with air, gaseous and liquid 

I , ro ducts distil over, and a residue of ontfnal charcoal romains in the retort. Dippel's 
rone ^ occurs among the liquid products of the distillation. A similar tesult is obtsmed 
if diigreased or raw bones be heated in the retorts. If animal cliarcoal, or degreased, 
Jogolalinized, or raw bones be hoatod in air, tho organic matters bum, and bone-ash 
remains. The composition of bone-ssh may be taken as 

P^Ob CnO HffO FcgO, and A1 |Ob 8I0| CO, HgO Alkalipa 

3JI'6 52>5 1-U 0-2 06 0-9 1-8 1-4 

^iOi about 2 per cent, of organic matter. W. F. de Jong said that the X-radiograms of 
modem and fossilized bones show lines cliararterislic of tho iluorapatite type of structure 
Hod nothing else. The fundamental mineral is probably 3CaB(F0B)B,CaC08, in which 
11i(* L'orbonate radical may be repilaced, as in fossilization, by fluorine, rhlorine, or sulphate, 
und perhaps by other radicals, wlulst some of the calcium may be replaced by magnesium, 
mid ])ORBibly also by iron and aluminium. The diffuse nature of the X-ray lines indicates 
that tliFi crystals present contain only some tens or hundreds of mols, but on incinerstion 
llio stal size is increased. Mo evidence could bo found of tho existence in bones of the 
I'olloidnl roUopharUU, CaiVgOB.HgO, dcecnbed by J. D. Dana. Bone-esh is med in tho 
inaiiufucturo of manuree, phosphorus, English porcelain, cupels, baking powder, etc 

The larger deposits of calcium phosphate or phosphorite are piohably of marine 
origin. The traces of phosphates in aea-water are absorbed in the shell, bones, and 
tis-^ue of marine organisms ; and tho remains accnmuLite in the ooze at the bottom 
of the sea. The accompanying calcium carbonate is in part removed owing to its 
f^Iiglit solubility ; some phosphate is at the same time dissolved and in part redc- 
pu^iled around fragments of shells or bones so as to form phosphatic nodules, 
cDiiimun in phosphorite beds and on the ocean floor — vide supra. The deposits on 
the sea-bottom are further cone, when they arc elevated into a land surface by the 
leaching away of calcium carbonate by subterranean water. The phosphorite 
deposits are not crystalline, but form comjmct or concretionary earthy maases. 
Some of the purer deposits approximate to apatite or fluorapatite, Ca5(F04l3F, 
in ronipositioD, but others approach normal calcium phosphate, 0a3(PO4)2f in 
cr)m])o<;ition. A. Carnot says that the concretionary phosphates are defiiient in 
lluorme, while in the sedimentary the fluorine approximates to the apatite ratio. 

l^arge deponita of plioB]ihorite arc worked in the cretaoeoua beds of northern France ; 
wliile 111 Houth-westem France, phospliates occur along with clay m ino^ar fissures in 
tiiH JuMBsic iimestoae. The French deposits are in Nord, Fas de CuiaiB, Cambresis, 
Somuiij ot UisB, Ardonnes, Mouse, Marne, Yonne, Coto-d’or, Haute-SaSne, Cher, Indre, 
SiirUie^ Lat, Tam-et-Goromio, Lot-ot-Garoniia, Qard, Arddohe, Dr6mo, Isire, Pyieneea, 


— -'b***^ «!«., ui zjBcgium; a« x<aiiiuiuauujii — -juugiUBiui buiu — tu 

I otalogre and MarvdO in Portugal. Tho depoaitB in Great PrUam are at Cwragwnnen m 
tliB lower Bilurian sorios of North Wales; and in Bodfordsliire, Cambridgeshire, Norfolk, 
nullulk, Essex, etc. Phosphorite is found at Malta; a zone exlonding from the Volga, 
near Bunbiisk, into Desna (Smolen^) and into Grodno and in Pudolia in Ruasia ; 
and m A^wsdpn. There are largo depoaits along the frontier of Alt/eria and Tunis 
jn tho lower Eocene beds over the Cretaceous strata. M. I'iotrkowsky estimates that 
lore are 1,000,000,000 t-nM gf phosphates available in MoroccOf and that there are also 
deposits in Egypt, Deposits also occur in Natal. The doposits in the United St^B 
along the A&ntio coast belt of Tertiary rocks in North and South Carolina, 
i^londBr-.peiiiiByivBnia, and Alabama ; in Arkansas ; in the Silurian and Dovonisn 
^ Tennessee ; and in the carboniferous beds of Utah, Wyoming, and Idaho, 
nre ia a phosphate bed in Montana. The deposits in Florida are the most pro^ 
fti?! phoaphoritea of Florida exist as boulder or rock phoaphaie found in lodges, 

'uin It contains as high aa 80 per cent, normal calcium phospliate with 2*6 per cent, of iron 
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oxide and alumina ; aa pMle rock, found in mounds or beachei^ and it containa about 62 
per cent of nonnal oaldum plinspliatc, and 3 per coni of iron oxide and alumina ; and 

phoapfiate, found in cavities or pooketep and it rontaiiia about 66 per cent of normal 
o^cium phosphate and 6 per cent of iron oxido and alumina. Apatite orcure in the 
Laurentian hniostone of North hlhusley and North Burgossp of Canada. Phoaphonto deposits 
arc found m the Went Indies — CHirafaOp Bonaire, Aniha, Leeward fslos, Rndoiida, Barbuda, 
St, Martm, Sombrero, Alta Vola, Navassa, Pedro Keys, and Avalo In Mesneo piioaphorito 
DoeuTB near Mazapil and Coiuepcion del Oro. Tliey orrur m CliiibtniaB Island m the 
Indian Ocean ; Nolo, Bonin, Shimane, Byufsa, otr* , in Japan; Ninli-Bmh in China ; the 
islands of the coast of Arabia; Palest ino, Bessarabia; etc Phobphonle deposits otiur 
noarthe coast m Rohtaa, in ( AtZr, and at Kata in ifrasd Phosphonto has also lieen found on 
ilio Ocean and PkiBSiuit (Nauru) Jalonds, and the Julands of Huon, Baker, ilowJaiid, ilarxis, 
Malden, Starbuck, Enderbmy, and Faniuiig; tlio Polynesian islands; Dandaraga in 
Wcstcin Australia, in Otago, New Zealand. H. Laubmannand H. Bteinmeiz discussed 
the phosphatic rocks of Ba\ ana 

Thousands of analyses 7 reported in connection with agiicultuie show that 
fertile soils contain up to 0-5 per cent of phosphoric acid - probably as aluminium 
or iron phosphates. All limestones, c hulks, and dolomil es contain small jiroportiuu^, 
and this requires attention in the hclection of limestone as a flux for smelting iron 
The younger limestones were found by W. B. M. Davidson ® to be usuiilly the uioie 
phosphatic. G. Freda reported its presence in volcanic lava, .T. A Barnil, uinl 
A. Dupre, in rain-water ; and A. Voelcker, in boiler-scale. Aualyscb of the watn 
of the ocean show the presence of \ drying amounts of phosjihunc arid (.r/, souk* 
parts of the Gulf-siream are said to be more phosphatic than the surround mg waieis 
of the Atlantic. The presence of soluble phosphates has been leportcd m man} 
springs, chiefly in limestone districts. D. J. Matthews found the amount of 
phosphoric acid in the sea-water oiT Plymouth reached a maxiiiium 0-06 mgiiii 
P^Ob litre— in December, 1915, and it decreased uTegiilarly to a mmimum 

0-01 mgrm. per litre— in April May, 1916 , and again attained the same niaximuiii 
as before about January, 1917. This seasonal variation is attributed to tlic 
removal of phosphates from soln. bv algae, diatoms, etc. The subject was studicil 
by R. Gill, and \V. R. G. Atkina. 

As indicated in connection with the history of phnsplionis, the presence of this 
element in the vegetable kingdom was lecognized by B Albums, ^ and A. S. Marg- 
graf near the middle of the seventeenth century ; and a few years aficrv^aids h) 
C. W. Schcele in bones. Numerous analysis of vegetable matters, plants, plant 
ashes, and coal show that they probably contain phosphates. J. Davidson studied 
the changes in the phosphorus-content of wheat seedlings during germination and 
growth; and W. H. and C. B. Peterson, the phosphorus-content of cabbage. 
C. Palmer discuesed the occurrence of phosphoius in petroleum. The piebcuce 
of phosphorus in the animal kingdom has been established by numerous anal} sih 
of animal-tissue, bones, blood, brain, urine, fioees,^^ etc., and in the 
eggs of fishes and birds, in oysters, in sponges, etc. N atuially therefore, pliosphat es 
occur in food-stuffa.^^ 

The phoqphonui cycle In natoie.- Small quantities of phosphates are found 
in granite rocks. By the weathering and decay of these loeks, the combined 
phosphorus ultimately finds its way into the soil, spring-waters, and the sea. The 
geologieal rile of phosphorus has been discussed by W. Lindgren,^^ Q,nd E. Bl.ick- 
weldei. The phosphates disseminated in rocks as apatite, or accumulated in iron 
ores, pegmatites, and veins, are to a large extent dissipated by weathering processes 
in the form of complex alkali calcium and iron phosphate soln., which eventually 
find their way to the sea. Fart enters into the formation of new sediments as com- 
plex flno-carbonato-phosphates. These sediments are folded and uplifted, and 
become dry-land. The surface waters concentrate part into deposits of economic 
importance, and dissipate part as soluble phosphates; or the sediments may 
become absorbed in rock magmas and re-form apatite. All fertile soils contain 
phosphorus, since phosphorus is needed to build up certain essential parts of tho 
tissue of growing vegetation. Plants require phosphorus from their earliest hfe, 
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and seeds oontain a plentiful supply for the germination of the embryo* The 
equivalent of one pound of phoephorus is said to be present in about 100 lbs. of 
corn, and in about 1200 lbs. of fodder. Animals, too, like plants, must have 
phosphorus, and they are dependent for their supply upon the plants or upon the 
herbivorous animals upon which they feed. Ani^ls concentrate the phosphorus 
in their bones and tissue. The bones of an adult man contain the equivalent of 
ISKX) to 2400 grms. of normal calcium phosphate. 

L. A. J. Quntelet’s analysia of on average man weighing 154 lbs. is: Water, 116 lbs. ; 
rlry matter, 38 lbs. The 38 lbs. of dty matter consist of fat, 6 lbs. ; flesh, skin, and blood, 
18 lbs. ; and bone, 14 lbs. The 14 lbs. of bone consist of gelatine, 4| lbs., and 91 mineral 
metier. The liquid blood contains water, 16| lbs. ; dry solid matto, 4t Hm. ; and this dry 
solid matter consists of fibrin, albumen, etc. ; 4 lbs. fat, and a little sugar, f lb., andminerd 
matter, about } lb. 

Dry bones, on the average, contain the equivalent of about 60 per cent, of tricalcium 
phosphate; teeth, 70 per cent.; crab and snail shells, 7 per cent. When the animals 
liie, their remains help to build up pbosphatio rocks. Thus, the story of the circula- 
tion of phosphorus is a cycle of processes involving the concentration and dissipation 
of that clement. The waste of muscular and nervous tissue involves a decomposi- 
tii)]! of the phosphorus compounds. The products of decomposition are curried 
by the blood to the kidneys, and there excreted with the urine— chiefly as sodium 
uiumoiiium phosphate. There seems to be a relation between the amount of 
pliosjjhorus compounds discharged from the system, and the activity of the brain, 
and this led to the infeieuce that phosphorus is a metabolic product of the activity 
uf the brain, and that phosphate foods are needed for brain workers. The idea has 
iTy'Htallired in the well-worn phrase ohne Phmphof kein Gedanhe — ^without 
phosphorus no thought. A similar statement might be made regarding several 
Dtlicr elements. A normal adult excretes the equivalent of 3 to 4 grms. of phosphoric 
u('id pfT diem. Fart of this is derived from the food, and part from muscular waste, 
lu this way, phosphorus finds its way back to the soil ; or perhaps into the sewage, 
and finally into the sea. W. Lindgren thus describes the fate of the phosphorus 
^hich finds its way into the sea : 

In the soa-wator the blue-green algn conoentrato phosphorus, certain molluHCB, or 
pnibl f oed on the algs, and other moat-eating roollusra devour the vegetarians. 

Small fibhes oat the inolluscs, largo fishes oat tbo small, finally seals and birds swallow the 
tishi^b, and bo in about six transformatiouB the phosphorus originally contoinod in tbo 
scu wafer may oomo to rest in deposita of guano on dosert islands or in aocumulatioiis of 
Hid bones of tho voriebrato denisens of the sea. 

Jlouce the origin of the phosphorus in the large deposits of guano— the excrement 
of sea-birds— on the islands oil the Peruvian coast, and a number of islands in the 
Uouth and the Caribbean Seas. Many islands have been stripped of tho gutino 
they once contained. The amount of phosphates returned from the sea as edible 
i'lhli is insignificant in comparison with what is drained into the sea as sewage from 
towns. Processes for the recovery of the phosphates in sewage now attract attention, 
Biuce that which escapes into the sea accumulates at the bottom, where it may be 
unproductive for countless ages before it is again able to take an active part in 
nature's great cycle of changes. The constant growth of crops by the farmer 
iinpoverishes the soil, and phosphatic manures are needed to make good the loss. 
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§ 3. The Pieparatiim ol Phosphonui 

The early workers ou phosphorus prepared that element from urine which 
normally contains ammonium and sodium phosphates. ThuSj B. Boyle ^ 
evaporated the urine to a syrupy consistency, and distilled the product either alone 
or admixed with send or charcoal. The carbon produced by the decomposition 
of the organic matter in the urine, or added to it in the form of charcoal, decomposes 
the ammonium phosphate, without affecting the sodium phosphate. A. 8. Marggraf 
mixed the cone, urine with lead chloride and charcoal powder, and heated the mass 
until it became pulverulent. The ammonium and sodium phosphates were con- 
verted into lead phosphate, and on distillation, the carbon liberated the phosphorus 
from the lead phosphate. G. A. Oiobert mixed the unevaporated urine with lead 
nitrate or acetate ; woshiul the precipitated mixture of lead phosphate and sulphate ; 
mixed the precipitate with charcoal ; and distilled the dried product. 

After J. G. Gahn^ had shown in 1770 that phosphorus is an essential con- 
stituent of bone, C. W. Bchecle obtained that element by dissolving the bone-ash 
in nitric acid, precipitating the lime with sulphuric acid, concentrating the clear 
Boln. by evaporation, and distilling the product admixed with charcoal. 
J. M. J. Funke, B. Fclletier, T. Graham, M. Donovan, and P. F. Nicolas simplified 
the process by digesting the Lone-ash directly with an excess of sulphuric acid, 
evaporating the clear filtrate containing calcium hydrophosphate, and distilling 
the dried product admixed with charcoal. A. F. de Fourcroy and L. N. Vauquelin 
mixed the soln. of calcium hydrophosphate with lead aretate, and collected the 
precipitated lead phosphate; while J. J. Berzelius obtained his lead phosphate 
from the nitric arid soln. of bone-ash. In both cases, the lead phosphate was 
mixed with charcoal and distilled for ]>hosphorus. 

A. Nicolle docomposed the pLospliate with nitric acid, and treated the soln. with 
potaasimn sulphate. The filtrate from the calcium sulphate was treated with meraurous 
nitrate ; and the moicury phosphate mixed with carbon and distilled — ^mercury was tint 
obtained, then phosphorus. J. O. Ocnt^^lo proposed to combine the nianufaotuie of 
phosphorus with that of ammonium chloride by addin(( crude ammonium carbonate to soln. 
obtamed by digesting tiio bones witli hydrochloric acid. Phosphorus was obtained from 
the precipitated calcium phosphate, and ammonium chloride from the sola. B. Jjammy 
also proposed extracting first ammonia then phosphorus by heating an intimate mixture of 
ommomum phosphate and carbon. W. M G. FolioJ>6BjardinB tried to manufacture pbos- 
phorus and an alksli silicate simultanoously. The phuephate was heated with on alkali 
sulphate or carbonate, with or witljout silica or flux. The aqueous extract contained the 
oll^ phosphate, if e then heated the alkali phospliato with silica and carbon — phosphorus 
was evolved, and the alkali silicate escaped. 11. Fleck proposed to manufacture phosphorus 
and glue or gelatine by decomposing the de-gressed bones with dil. hydrochlorio add to 
dissolve out the calcium phosphate, and leave the cartilaginous matter undisBolved. The 
acid phosphate liquor was mixed with carbon, dried, and distilled for phosphorus. 
E. C. Mantrand decomposed an mtiniate mixture of calcium phosidiate, carbon, and silica 
at a high temp, in on atm. of hydrogen chloride, or chlorine, when ph^honis, hydrogen 
phosphide, carbon dioxide, etc. , are given off. J. H. Player mixed the phosphoric acid liquor 
with spent tan or finely powdered coal or coke ; carbonized the mixture to remove volatile 
organic matter ; and then distilled the residue in the usual way. B. W. Qerlond pro- 
pped decomposing the bone-ash with sulphurous acid. A. Bossel heated phosphorio 
acid, or an aUcali phosphate with zinc or aluminium ; at a low red-heat, the metal was 
dissolved and phosphorus set froe. In the presence of silica, all the phosphorus can bo 
driven off; 6KaPD.+10Al+3BiO,=^3Na,Bi0,+6Al|O,+6P; or 3Ca(PO.)|+I9Al+86iO, 
B^Bi0|-f6A]|0|+6F. E. Minaiy and B. Soudiy prepared phosphorus from a mixture 
of iron phosphate and coke ; and B. A. Brooxnan heated a mixture of silica, iron, oool, and 
calcium phosphate so as to form a fusible slag and iron phosphide. ^ The latter when 
heated with sulphur, hydrogen sulphide, oarbem disulphide, etc., furnished phosphorus. 
J. Townsend heated a mixture of aluminium phosphate (native) either along with carbon 
and a flux of common salt and borax, or with a mixture of potaaeium and aodium sulphates 
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and wo obtained phoiphonis, A. j^aarer and U. R Clapp heated aluminium 
phosphate mixed with carbon and aodium chloride In an atm. of hydrogen chloride: 
2AlPO|+4NaCl+3G+BHCl>-2(AlCl,.2NaGl]+3U|+3CO+PtO,: and at a white-heat : 
P,0|+5C-2P+5C0. 

The mannfactuTo of phonphorua from bone-ash ofiors many advantages, but 
bone-ash is perhaps the most expensive source of phosphorus, per unit. Natural 
phosphates containing at least 70 per cent, of normal calcium phosphate can be 
worked economicaUy by the distillation process. 

The bone-ash is first treated with sulphuric acid, sp. gr. 1>C, with constant agitation in a 
large wooden tun. Enough sulphurio acid is used to convert the whole of the calcium 
phosphate into phosphoric acid: CBa(P0J,+3H|S04a3CaS0|+2H^04. In some 
luodiflcatioiiB, sufiicient acid is added for the reaction: Cat(P0|)|+2H,804s2CaS04 
-f CalT4(P04)a. When the reaction is completed, the calcium sulphate u filtered off, end 
washed until the filtrate has a sp gr. of about I'OIO. The first fraction of Ihe liltrate is 
reserved for concentration, while that with a sp. below 1-060 is employed partly as the 
first washing liquor and partly for the deoomposition of a further lot of phosphate. Tlie 
liquor is cone, evaporation in shallow pons heated with high-prera. steam, or by steam- 
roils. The liquor is agitated during the evaporation. Most of the calcium sulphate held 
m Boln. is deposited during the evaporation. The cono. acid of sp. gr. 1*325 to 1-600 is 
roolod in lead-lined store-tanka. 

The cone, phosphoric acid is mixed with coarsely ground wood- charcoal, coke, or 
sawdust, and dried and charred in a cast-iron pot or muffle-furnace. The charred mixture 
is then added to bottle-shaped retorts mado from fireclay. The furnace employed is 
onalogouii to tliat employed in the distillation of zinc. A double tier of the phosphorus 
relorts is arranged back to back, with their nocks slightly protruding from the furnace. 
The oseks of the retorts are luted to the furnace so as to prevent the access of air to the 
mterior of the furnace. The temp, of the fumoco is then raised to bright redness, and the 
forts charged with the mixture by means of long-handled scoops. There ace several 
iy pes of condenser : in one form cast-iron pipes are luted to the retorts and the free end dips 
an inch or two into water oontained in a trough fitted with a lid through which pipes loading 
from the retorts pass by means of luted fauceta The bottoms of the trough ui inclined, 
so that the water is deeper at one end than at the other. The water in the trough soon gets 
warm, and the melted phosphorus coUects at the deeper end of the trough. The temp, of 
the retorts is gradually raii^ to whiteness ; the distillation oeoupies about 16 hrs. The 
ciudo phosphorus is then ready for purification. 

In the retort, the phosphoric acid is converted into metaphosphoric acid at a 
red-heat, and at a higher temp., this acid is reduced by the carbon 2HFO^-f5C 
- 2P -hll20-h&CO. * According to M. Neumann,^ the reduction commences between 
iW and 050*’ ; and W. Hempel said that between 300'’ and BOO'’, any sulphuric acid 
which is present is decomposed, forming sulphui dioxide ; the gases which come ofi 
at about TOO** are combustible ; and traces of phosphorus appear in the escaping 
gases at about 740** ; most of the phosphorus distils over above 1050°, and the 
distillation is ended at about 1170°. At first, a mixture of carbon dioxide and 
monoxide and hydrogen escapes, and later the escaping gas is almost wholly carbon 
monoxide. According to T. Graham, some hydrogen phosphide will be found in the 
escaping gases, and this the more, the greater the proportion of water present in the 
mixture in the retort. J. Javal said that phosphoric acid is nut so well adapted for 
the reduction as calcium phosphate because part volatilizes undecomposod, and 
T. Graham because the phosphoric acid, owing to the water which is present, yields 
a greater quantity of hydrogen phosphide. These objections do not weigh so much 
now as formerly, since the diilerent stages of the process arc more under control. 
When the bone-ash is converted into the hydrophosphate, tlie preliminary heating 
converts it into the metaphosphate: CaU 4 (P 04 ) 2 =Ca(PU 3 ) 2 + 2 H 20 ; and 
the metaphosphato reacts with carbon in the retort : 3Ca(PO]|)2+10O 

-=4P+Ca8(PO4)2+10CO. To avoid the loss of one-third the phosphorus by its 
reversion to the normal phosphate, sand is admixed with the charge in the retort, 
when 2Ca(PQ2)2+2Si02+10C=4P+2CaSi(^+10CO. The manufacture of phos- 
phoms by these methods is disoussed by J. L. Smith, W. Jettel, G. W. Stose, 

Orlofi, J, B. Roadman, etc. Electrical heating has now virtually displaced the 
retort processes. 
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F. Wohler propOBed heating to whiteness a mixture of bone-black with fine 
quartz-sand to obtain phosphorus ; the affinity of the bilica for the lime was said 
to facilitate the reducing action of the charcoal. Modifications were deyisod by 
E. Aubertin and L. Boblique, £. C. Mantrand, J. P. Serve, C. Biisson, etc, fi. Moore, 
and J. W. Mellor showed that silica begins to react with the calcium phosphate 
at about and that the reaction is favoured by the presence of carbon. 

J. B. Headman showed that silica, intimately mixed with carbon and normal 
calcium phosphate, can, at a high temp., expel all the phosphorus, and form a 
fusible calcareous slag. Similar results were obtained with other phosphates — ejj. 
aluminium phosphate. The phosphorus ran thus be obtained directly from raw 
phosphates without the employment of sulphuric acid at an intermediate stage 
in the process. Retorts were found to be unsuitable oa a refr<irtory ; and shaft 
furnaces were not succesbful in working. J.B. Headman then tried to heat the 

mixture by passing an electric current through 
the raw materials contained in a closed furnace. 
T. Parker and A. £. Robinson patented an 
analogous process for pioduring pliosphuniq 
direct from the raw materials by elpctncally 
heating the phosphorus-bearing mixlure inside 
the fumare, and not as in retorl-disi illation, 
nntside the furnace. The idea is illustrated 
diagrammaticnlly by Fig. 1. 

The mixture ii heated in an elortnpal furnnio 
fitted with carbon mlH for rondiirtinff llir eleftiic 
current as illuptrated in Fik I iaquid slai; is 
penodirally tapped, and run trom the battnni of the 
furnace 7^, and a new charge introduced so that the 
proeesfl is eontmuouB The clmrge is fed into the 
iiop|)er A, and then paiwod into tho chainbor //, and 
to tho conveyor i , whu h wurka something like an 
Arehiinodeon berew, and eairiOB the ihargo to tho 
fiimA«*o At the lx ginning of tho operation on alternating curient jh ariit tliioiigli a pair 
of thin caibon ' elCitiudPH,*' not slxivin in the diagram, until the funiaro inliot \\liin 
htatrd, the icMistaneo of the fumar e is reduied. and a current js scut thinugh the elertrodci 
A', and Iho thin clertrodea are viithdrawn Tho phosphoniH vapoura and gnacH rsfupn 
througli n tube U Tho elect no current docs its work by roi^uig tho temp of tho mass, 
not 1)} oleetrolysis. 

Aceiirding to W, Ilcmppl, and R. Muller, the reaction tummenees at abmil 
lir)0°, when pliosphoruh vapour and carbon monoxide are evolved ; the reartioii 
IS eompleted at about 14^)0^\ The chemistry of the jirocess is somewhat as follow ^ 
When calcium phosidiale is heated with finely divided ulica, SiOg, lalcium hIicilIc. 
OaSiOj, and phosphoric oxide are produced : Uaa(P() 4 ) 2 -| SSiOj -;j(^u^i()3-fl’206- 
The latter is reduced by the carbon : The carbon probably 

aecelerates the rate of decomposition of the phosphate by the rilica because the 
reaction progresses more quickly at a lower temp, in the presence of cailuui tlniii 
when carbon is absent. The composition of the slag is of importance, fur the sldg 
must be fluid enough to enable it to be run periodically from the furnace. This 
is determined by the mixture employed for charging the furnace. Most if not all 
the world’s sujijily of phosphorus is obtained by the electrical process. Several 
modifications in the furnaces have been devised— by 0. K. Harding, W. T. (jibbh, 
H. A. Irvine, T. Parker, R. K. Duncan, 6. C. Landis, etc. H. Hilbert and A. Frank 
patented a process for phosphorus by heating a mixture of calcium phosphate and 
carbon in an electric furnace. Calcium carbide, CaC^, is then the by-produri ; 
0a3(PO4)2+HC-3CaC2H 8CO+2P. The carbide is not pure enough for making 
acetylene, but is used for the preparation of calcium cyanamide. F. Tharald^icn 
used ferrosilicon or silicon carbide as the reducing agent ; and A. K. V» ZcuUcy 
discussed tnplite as a source of phosphorus. 0. S. Bradley and C. B. Jacobs 
used phosphates and phosphides of other metals than calcium in a similar maimer, 
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The Bnbjeot hae been discnaeed by 0. W. Stose, C. Herrmann, J. 0, Chodey, etc. 
According to J. W. Richards, the fiiraaceB at Niagara oonsnme 11*6 kilowatts per 
hour per kilogram of phosphorus. 

L. Dill electrolyzed a mixture uf phoaphorio acid of sp. gr. 1*7 to 1-9 and carbon in a 
rlDsed vessel provided with a suitable opening, for the esrar>o of phospliorus, etc. Carbon 
electrodes were used. The Electric Reduction Co., and F. J. MachaJske proposed an 
niialogouB prooesB. 

If phosphorus vapour be condensed in cold water, the product resembles the 
r.'ispings of cork and floats on water. The phosphorus from the condensers varies 
from a pale buff to brick-red, chocolate, or black colour. The variation in colour 
IS mainly duo to impurities, as well as the presence of the lower oxides, and of 
red phosphorus. The contamination of phosphorus by arsenic through the use 
of sulphuric acid contaminated with arsenic was observed by C. F. B.irwald.^ 
(\ Wittstock, F. P. Bulk, H. W. F. Wackenrodcr, E. Noclting and W. Feuersteiii, 
a. Uenigbs, E. Merck, and J. von Liebig. According to P. I. Bonz, some samples 
f)f ]»hoflphoruB which are yellow when fused, turn black when saddcnly cooled — he 
sdifl that boiling in alcohol destroys, while fusion with phosphoric acid develops, 
Dll') property. Crude phosphorus mixed with fragments of sand, clay, and flue- 
diLst cau be cleaned by melting it under hot water, and agitating it with a wooden 
Jake to allow the impurities to rise to the surface. When the phosphorus has 
mJidihed, the impurities can be collected, and redistilled, if necessary, to recover 
the phosphorus. The phosphorus cau also be pressed through rhamois-leather 
under hot water. The phosphorus can also be redistilled from an iron retort ; 
i)T it CBU be agitated for a couple of hours with a warm mixture of sulphuric acid 
and potassium or sodium dichromate, as recommended by F. Wohler, and 
A. Mu'haelis and M. PiLsck, The phosphorus has been purified by warming it 
^ith agitation in dil. nitric acid, or chlorine- water ; by warming ib in potash-lye 
or aq. ammonia, and then in water ; by warming it in a soln. of potassium hydroxide 
m 7f) per cent, alcohol as recommended by ii. Buttger ; and by dissolving it in carbon 
ilisulphide, and precipitating by potash-lye as recommended by R. Brdtger. 
K. Noclting and W. Feuerstein freed pho.s])horu8 from arsenic, by distillation in 
The purification of phosphorus for sfiecial purposes by distillation in a stream 
ol hydrogen or other inert gas has been lerommeudcd by I. Remsen and E. H. Keiser, 

J. Uoobeken, and A. Stock. A. Smits and H. L. de Leeuw purified the element by 
distillation and fractional crystallization in a highly exhausted atm., and obtained 
a ridourlcss crystalline product. The phosphorus melted under hot water can be 
leadily moulded into any debired shape, and it is commonly moulded into sticks. 

K. iSeubcrt has devised a mould for this purpose. It is preserved in darkness under 
w at er, or under a non-freezing liquid like alcohol and water, lu glycerol. 

if the fused clement be shaken up with a warm liquid until cold, it furnishe.s the 
Ro-cailed graimlated phosphorus, J. L. Casaseca recommended alcohol of sp. gr. 
O’S*) in preference to water ; R. Bottger, human urine, or an aq. soln. of urea ; 
N. Blondlot, soln. of various salts, or sugar ; and H. Schiff, methyl alcohol, actouc, 
aq. ammonia, soln. of gum, dextrine, glue, starch, ammonium carbonate, etc. 
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§ 4. The AUotropio Forma ol Phosphonu 

L. W^olf anil K. Risiau ^ observed tliat cohuflns pAnsjrAi/ri/s can be obtainril pun 
only in a darkened room in the absence of oxygen and moisl urc. It is best obtHiurd 
m an atm. of nitrogen either by fractional distillation, or by fractional crybtiilli/a- 
tion. It is either a colourless, transparent, glassy mass, or it is white and fincl} 
crystalhne. It melts to a clear, cglourlesH liquid. It is stable under the abovt - 
named condition r, but rapidly becomes yellow in light. 

The early workers— 11. A. von Vogel, C. W, Bockmann, M. BcngicHcr, 11. Boltgn, 
H. F. Marehand, J. Pelouze, and U. J. J. Leverrier— fwquenily obRerved that a 
reddish-culoured substance was formed along with ordinary phosphorus, and Hjo 
iiftually attributed this to the formation of a lower oxide. E. Kopp observed, lu 
J8>]4, during the preparation of ethyl iodide from phosphorus, iodine, and alcobnl, 
that a red pulverulent residue was obtained which during the distillation pabicil 
into ordinary phosphorus. He referred to it as Phosphor %n dcr roien M odijilattov 
J. J. Berzelius, in 1 B43, alleged that the red phosphorus insoluble in carbon disulplnd r 
which has been obtained by previous woikers— e.g, by H. A. von Vogel by 1 bo action 
of sunlight on phosphorus— is an allotropic mo^cation of pLosphoros. Uont^ 
R. Windcrlich maintained that H. A. von Vogel, and J. J. Berzmius are the d^" 
coveiers of allotropic phosphorus. The proofj however, was wanting. J* 



PnOSPHOBlJS 746 

discusflftd the history of the so-called amorphous phosphorus. In IBlSj A. Schiottex 
demonstrated that in most cases the red substanDe is nothing but pure 
phosphorus in a peouliar state of aggregation— cin neuer aHotfopucAer Zustand iea 
Phosphors. 

A. Schotier showed that ordinary phosphorus can be converted into the red 
form in a variety of ways. Thus, it is formed when phosphorus is exposed to light 
i>ither under water or alcohol, in vacuo, in hydrogen, nitrogen, carbon dioxide, or in 
li hydrocarbon. The depth of penetration of the red film increases with the intensity 
of the light. F. Scriba ei^osed to sunlight a rod of phosphorus, half of which was 
wrapped round with tin-foil, and found the exposed part was alone transformed into 
red phosphorus. Observations on the reddening of phosphorus in light were made 
by H. A. von Vogel, C. W. Bdckmann, A. Pedler, H. Beinsch, E. Riegel, and 
J. W. Botgors. The formation of red phosphorus by exposing to light a soln. of 
phosphorus in carbon disulphide, benzene, or chloroform was observed by A.Lalle- 
mand, A. Pedler, and A. Michaelis and E. von Arend. The last-named also observed 
that if the solvent be Gai])on totiachloride, the red phosphorus produced contains 
some carbon ; and that if the insolated phosphorus be under water, some phosphorus 
ti‘Lritoxide is formed. W. A. Wahl found that a drop of yellow phosphorus under 
water immediately receives a coating of red phosphorus when illuminated by a 
quartz mercury lamp. When yellow phosphorus is placed in the ultramicroscope, 
I'lthcr as a solid, or dissolved in carbon disulphide, the dark field becomes iUuminatod 
^\ith submioroscopic points which increase in size and brightness, finally becoming 
n^rl in colour. H. Siedentopf inferred from this that an intermediate, colloidal 
plia«;e is formed during the passage from yellow to red phosphorus. W. B. Qiove 
ioiind tliaf red phospliorus is pr^uced when an rlcctric (ht^cluirgv is sent through 
I he vapour of ordinary phosphorus; and H. Geisslcr, V. Kohlschiltter and 
A. Fnimkin, and W. llittorf made a similar observation— iWe infraf colloidal 
phosphorus. 

A. Schriitter showed that heat may convert ordinary phosphorus into the red 
form. He said that when heated in an atm. free from oxygen, sublimation begins 
at 150^' without change of colour, but at about 2%^ ordinary phosphorus slowly 
l)a 3 .SL »3 into the red variety. After being heated to 210°-25U®, for 50 hrs., the 
product is treated with carbon disulphide so as to wash out the ordinary phosphorus. 
The product is purified by boiling it with potash-lye of sp. gr. 1-3, and subsequently 
wu slung with water acidulated with nitric acid, and then with water alone. To 
icinovp the ordinary phosphorus, T. Weyl recommended boiling for 2 hrs. with 
10 per cent, soda-lye. A. Stock and M. Budolph also purified red phosphorus by 
treat merit with alkali-lye. J. Nickl&s recommended levigation of the mixture with 
i.irbun disulphide with a soln. of calcium chloride of sp. gr. r349-l‘3Bl — ^the soln. 
of ordinary phosphorus in the carbon disulphide floats, while the red phosphorus 
^inks in the calcium chloride soln. Several modifications of the process have 
been devised. V, Meyer heated a tube of the yellow phosphorus in the vapour of 
diphenylamine, at 310 ° ; L. Troost and F. Hautefeuillo heated the sealed tube for 
Ono hrs. at 265“ ; W. Muthmann, 24 hrs. at 230" ; J. W. Retgors, 24 hrs. at 240“ ; 
‘i'lid B, Schenck heated ordinary phosphorus in an atm. of hydrogen at 310". 
A. Stock, H. Bohiader, and E. Stamm found that tho sudden quenching of phosphorus 
Vapour at 900“-117b“ famishes rod phosphorus. B- C. Brodic found tliat the 
reaction is accelerated by a trace of iodine. The reaction then progresses slowly at 
I and with almost explosive violence at 200“- It is assumed that the iodine acts 
I'fttulytically, There is a cyclic series of reactions in which the yellow phosphorus 
forms a subiodide which decomposes into red phosphorus and iodine, A. Besson 
held that phosphorus tetrit^itriiodidc is the intermediate product ; B. Boulouch 

‘‘'greed with B, C. Biodie that the cutulytic conversion of yellow to red pliosphorns 
w due to the formation of the diiodide which in contact with an excess of phosphorus 
w converted into a subiodide which, at temp, above 160“, undergoes a series of 
decompositions resulting in the formation of tho diiodide which immediately 
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diBsociateSj forming red phoephorus. W, Hittorf did not accept tliu view of the 
conversion. 

B. Schenck said that the initial change is a polymerization of Pi-mole. to 
Pg-mola. ; and that the Pg-mols. ore extremely labile, changing quiddy into a 
more highly polymerized form. J. Boeseken does not believe that the catalytic 
action is due to the formation of a aeries of intermediate products, but considers 
that the transformation of yellow to red phosphorus is preceded by a decomposition 
of the p 4 -moIs. into P- or Pg-mols., which at once condense to the red form. 
The reactions are symbolized p 4 ->l 2 P 2 ; and nP 2 *>P 2 fi> in which the velocity of the 
second reaction is much greater than that of the first. The catalyst is supposed 
to hasten the dissociation of the P 4 -mols. The reaction was discussed by W. Ilittorf, 
R. Schenck, A. Besson, A. Pedler, and R. Boulouch ; J. Boeseken found that 
aluminium chloride also stimulates the reaction. Red phosphorus is also produced 
when a solu. of phosphorus in carbon disulphide, benzene, toluene, or xylene, con- 
taining a little iodine, is boiled in a flash with a reflux-condenser. This reaction 
was discussed by B. Corenwinder, W. Ilittorf, F. Riidorff, and F. Todenhaupt, 
W. Hittorf said that selenium acts like iodine in accelerating the change ; and 
F. Isambert found that red phosphorus mixed with some phosphorus sulphide, is 
formed when ordinary phosphorus is heated with a little sulphur or jihosphorus 
sulphide. 

N. Blondlot said that red phosphorus is formed by the action of soln. of 
potassium, sodium, or ammonium hydroxide on ordinary phosphorus ; A. Commaille 
said that with aq. ammonia, some phosphorus hydride is formed— ndc 170^0— and 
A. Stock and co-workers found that red phosphorus is produced by the aq. ammonia 
treatment. E. J. Houston considered the phosphorus produced by a protracted 
heating under potash-lye to be a special modiflcalion. B. Lepsiiis found that red 
phosphorus is formed when phosphine is decomposed by an electric are ; and A. Stock 
and co-workers, when the solid hydride is heated in vacuo for 24 hrs. at 340°*-360 '. 

The manulacture of red phosphonu.— Hod phoaphorua is mode commercially by heating 
yellow phosTihoruH in a glass or porcelain vessel embedded in sand placed in a laigu 
iron pan. The vessel containing the phosphorus is covered with on air-tight litl, and pro- 
vided with B safety- valve diftpmg in wa1 or m case the press, inside tho closed vessel bocomoH 
too great. AYheu most of the air has been expelled, the safety-valve 'a closed, and tlin 
phosphorus is hoated between 240^ and 250° until it is com pried into the red variety. If 
tho temp, rises above 300", thnro is a risk of OKplosion. When the conversion is effected 
in open iron vessels with a limited access of air, the process, though tedious, is said to bo 
free from danger. 'J'he hard compact lumps of red phosphorus so obtained are ground 
with water, and boiled with sodium hydroxide soln. so as to remove the imiiltored yellow 
phosplioms. Tho residual rod phosphorus is then washed with boiling water, and drind, 
or proscr\ ed moist. 

According to R. Schenck, when a soln. of yellow phosphorus in rcciifieJ 
phosphorus tribroiiiide is maintained at red phosphorus is slowly 

deposited. The translormation does not occur in very cone, soln., and a cone, of 
about 1 per cent, is favourable. A trace of phosphorus tetraiodide trebles tho 
velocity of tlie reaction, without otherwise affecting tho character of the change. 
R. Schenck thouglit the reaction is bimolocular, but when the disturbance due to 
tho mechanical removal of the catalyst from the system by the precipitated red 
phosphorus was eliminated, the reaction was unimolecnlar. The precipitated 
phosphorus has a bright scarlet colour— scarlet pboephonis— and is an extremely 
finely divided form of red phosphorus. It resembles the form obtained by 
J. W. Retgers from liquid yellow phosphorus at temp, below 250°, and also with 
the red phosphorus precipitated by light from carbon disulphide soln. J. Boeseken 
found that the scarlet variety is also produced if a soln. of phosphorus in benzene 
(or better, phosphorus trichloride) containing a little aluminium chloride is kept at 
the b.p. of the solvent for a few hours lor minutes respectively). K. Schenck 
regards scarlet jihosphorus as an amorphous or colloidal variety of red phosphorus, 
related to ordinary red phosphorus much as precipitated silica is related to quartz. 
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W. Hitliorf prepared mslalllo or ^iolit idUMphontt by heating phosphorua 
in contact with lead for 10 hra. at a temp, near 600°. The phosphorus dissolves in 
the lead at the hij^ temp,, and on cooling separates from the lead in the form of 
Biuall, dark, reddish-violot, rhombohedral crystals. The crystals can be separated 
from the lead by treatment with dil. nitric acid, which dissolves only the lead. 
The crystals are further purified by boiling them with hydrochloric acid. A. Stock 
ond F. Gomolka recommended the following procedure : 

W. Hittorfs phosplioruB is best prepared by hpaiing 3 guns, of pure phosphorus with 
200 grma. of lead in a maled hard glM tu^, packed in Band, to SOO'’ for 4H hra. I'he 
i{lnHB js broken and removed in a freezing mixture, and the lead cleanrd by brushing and 
liv washing with hydrofluoric acid. As nitric arid attacks the plioaplionis, tlio lead is best 
rcniDved by electrolyris in acetic acid containing lead. The catliode is placed at tlie bottom 
of Ihe VDHsel, a clock-glaas bring fixed below the rod. The rcbidiie thus obtained contains 
Eiomo lead, mechanically dislodged from the anode, and is purilled by l)oiling with hydro- 
rlibrir arid in on atm. of carbon dioxide, followed by treatment witli hyctrofluoric acid. 
'Jlu) purest product still contains 1*6 per cent, of lead. 

Bismuth may be used in place of lead, but it dissolves only one-fifth as much 
phosphorus, and the crystals obtained are less pure. The metals appear to be held 
in solid soln. Only very minute quantities of Ilittoif's phosphorus arc obtained by 
hiildiination. Arcording to L. Troost and P. Ilautefeuille, tbe same variety is 
funiioil when red phosphorus is heated under press, to 680°. The work of A. Pedler, 
J. W. Itetgers, and D. L. Chapman shows that this variety differs from ordinary 
red phns})horuB only in the size and development of the crystals. Fine-grained 
fid pltosphome is acarUst phoapharua, trhile coarse-grained red phosphorus is metaUio 
or mlet phosphorus. A number of other allotropes have been reported, but many 
of tliem are the result of a misinterpretation of farts, or of an incomplete knowledge 
of flirts. 

Tlio po-rallrd liquid phosphorus reported by T. de Grottbus,* If, Rose, J. Kallhofert, 
nrrl K J Houston were shown by D. Gomez, mid P. P. Venabb and A. W. Bolden to be 
iinrli*r>ouu1od or surfuai^ phemphorua. 

S«tinotim(*B ordinary or yellow phosphorus is called whUr phosphorus, Tho term “ white 
phoi-pljorus ” was formerly applied to tho wliite skm or cni^t wliich appears on the surface 
ol pliuhplinruH wIiilIi is coiilinod under water in diffuse dayhght. H was mentioned by 
t . ( ngiimrd d<' la Tour. 11. Hose supposed it to be pure white phosphorus, but J. Prlouze, 
•h \V. Rotgers, and R. K, Marchand suppoEied it to l>o a hydrated form of phnspliorus; 

iT Muhlor, a fonipound of phosphorus hydride and oxide; B. Frnnko, J' 4 (Oll)H ; 
A Dupnhqiiier, a compound of calcium oxide and phobphorus derived from lime in the 
w«)1eT ; snd E. Baudiininnt, to an irregular corrosion of tho hurfaco of the pliospboruB by 
Hie oxygen disbolvcd in the water. R. Bbttger obtained it by cooling phosplionis wbieh 
liiul hotm melted under an alcobulic soln. of potassium hydroxide ; snil Lt. Kspuli oldaiiied 
on opuqun form by melting phosphorus under water at SU*’. 

Jii 17S8, l\ 1. Bonz inentiouod a block variety — vide supra — ^whicli rame to bo called 
plmphorus, L. J. Th6nard pmiMued what lie called phosphors noir by suddenly 
r Doling phosplionis at 70°. N. Blondlot supposed the coloration to be due to tho prt'scnce 
ol imjiurilies, and ho was able to imitate the ofTect by melting phnspliorus in the presence 
nf mercury oi mercurial compounds ; and this was conffrmod by C. H. HaU, and 1). Gomez. 
E J Maumon6 observed the ^iroduction of black phosphorus among tho first drops culloctcd 
when phosphorus is distilled in a current of hydrogen propari'd from zinc and sulphuric acid, 
l>ut not in a current of carbon dioxide. F. A. Fluekiger attnbuted E. J. MaumenS’s result 
b the presence of arsine in tho hydrogen employed. E. Ritt-er supposed tho coloration 
IS prociiiced by arsem'o — oiefe supra, ¥. B. Fittica—but E. Reiihardt said that arsenic is not 
iipcDWiary for tbe blackening of phosphorus. R. Wild said the bJaekeiiing occurs with 
phusplinruB which has been kept under water in a lead vesbel ; and W. N. Bae observed 
a ease due to traces of copper sails in the waler under which tho yellow phoB))horuB was 
mworved. P. 1'li6nard attributed the block colour to tho preiw'npo of red phosphorus. 
" he work of A. SchrOiter, J. W, Retgers, R. Schenck, and A. Stork lends no support to tlis 
Mew that a distinct allotropic form of phosphorup is involved in tlieHc nbfaervaliona. 

I. Kemson and E. H. Keisor oonsidered that they had obtained a special allolropir form 
[^1 phosphorus by suddenly cooling the vapour of pliosphorus by iced-water. The firoduct 
iR iiero red phosplionis, for, as shown by A. Stock and co-workers, red phosphorus can be 
produced by suddenly quencliing phosphorus vapour at DOC’-inS®. H. Rl. Vernon 
>*ppi>rtod that rkombte j^iosphorus, i,e. rliombie crystals of phosphorus, con be obtained by 
Blowly cooling liquid phosphorus TJiis observation, however, lemainB unverified; 
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B U. riokering and A. E. H. Tutton oould not produpe the rhombic fonn. P. Jolibou 
obtained what ho called a polymoiphoiia form of red phoephoniB atable below 450 ”, but 
there ia notlimg to show that ihia is oeeentially different from ordinary red phoephonia. 


} 40 BO 80 

Time (mmutes) 


E. Cohen and K. Inouyp ’ observed no sign of the formation of an allotiopic 
form of yellow phos])hoTiis at low temp. ; but F. W. Bridgman observed the forma- 
tion of an allotropic modification of ordinary yellow phosphoms during some 
esperiments on the efiect of high press, on ordinary phosphorus. This variety is 
formed when yellow phosphorus at 60'’ is compressed under 11,000 kgrms. per 

sq. cm., and there is a transition point at -76-0 
I I I I I I III I I I which is readily shown by the terrace in the 

1 heating curve of phosphorus as it rises in temp 

^'70^ —90®, Fig, 2. There is also n vol. con 

g [ traction of about 2 per cent, during the change 

^-75" — f p-] q'jjp crptalline form of the jS-ydlow idios- 

I ^ ^ ^ _ Z Z Zl j_ phorus is probably hexagonal, whereas ordinary, 

or a-ydlow phOBphonu is cubic. D. Vorlander 

co-workers gave —68“ for the transition 

/y + ZZ temp., and they were unable to obtain wHl- 

l~r _L defined crystals, but th ought that they are either 

^ ^ monoclinic or rhombic. 

mr mmu ts Again, in attempting to change yellow into 

2.— Heating OiirvB during phosphorus by the application of press, 

Phosphorus?™ ® ^ p Bridgman found that a denser crystallinf 

variety is formed at 200°, with press, ranging 
from 12,000 to 13,000 kgrms. per sq. cm. This variety is called Mai^ phop* 
phonifl ; and it is not to be confused with older black or dirty phosphorus. The 
change is irreversible, since black phosphorus is more stable than red. Ordinary 
yellow phosphorus had asp. gr. of 1*83 to 1*83 ; red phosphorus, 2*03 to 2*39 \ anil 
black phosphorus approximates 2*69, that Ls, 13 per rent, higher than the denser*! 
red phosphorus. He did not succeed in converting yellow into black phosphorus 
at 173°, and a press, of 13,(J(K) kgrms. per sq. cm., although at higher press, th^ 
change would probably occur, because at 200“ the conversion was successful. At 
2fK)“, yellow phosphorus is converted into the red modification, using a little sodium 
BB catalyst and a press, of 4000 kgrms. per sq. cm. The chemical properties of 
black phosphorus are very much like those of red phosphorus — both varieties ar 
insoluble in carbon disulphide ; they are attacked by cold nitric acid, and they 
resist the action of cold sulphuric acid. Black phosphorus ignites at nearly 400° 
in air, and, unlike red phosphorus, it is not ignited when struck on an anvil with a 
hammer. When heated in a closed glass tube, it vaporizes, and the vapours con' 
dense to a mixture of white and red phosphorus, hence it is probable that the vapours 
from both black and red phosphorus are nearly alike. The black variety, unlik* 


yellow or red phosphorus, is a fairly good conductor of electricity, and the con 
ductivity increases rapidly with rise of temp. It is also a better conductor of heat, 
and is less diamagnetic than either red or yellow phosphorus. Black phosphorus 
under press, can be melted at a rather higher temp, than red phosphorus similar!} 
treated, and on cooling, both varieties solidify to a chocolate-brown mass of 
sp. gr. 2*18. C. H. Hall, and A. Bmits and co-workers support the view that 
P. W. Bridgman's black phosphorus is a true allotrope. The former held that 
L. J. Thenard’s black phosphorus was a colloidal suspension of mercury ii' 
phosphorus. W. Ipatieff and W. Nikolaiefi observed that a purple, cryst^line 
phosphorus is produced when yellow phosphorus is heated with water at 248“ and 
at a press, of 48 atm. It is soluble in carbon disulphide ; over 216“ and 89 atm* 
press., black crystalline phosphorus, insoluble in carbon disulphide, is formem 
When red phosphorus is heated in hydrogen at 200“ and 90 atm. press., W. Ipatieff 
found that black phosphorus is formed. W. Maickwald and E. Helmholtz found 
black phosphorus changes into the scarlet form at bW* 
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A. Hiillei* prepared ooOoidal ved phoaphoniB bj boiling the 
product for eoiue time, with water, and after allowing the mixture to stand some 
time, pouring oS that remaining in suspension. This was repeated a number 
of times. Colloidal soln. with high viscosity— produced by additions of the 
colloid gdatin, gum, starch, casein, albumin, glue, dextrin, or sugar — are flocculated 
ffith difficulty on adding sodium chloride. Thus, with 50 c.c. of the phosphorus 
suspension, and 5 o.c. of a 10 per cent. soln. of sodium chloride : 


No colloid 

Gelatin ; 10 o.d. of 6 per cent. coin. . 
Gelatin : 0 c.c. of 5 per cent. Boln. . 
Dextrin : 10 c.c. of 5 per cent. soln. . 
Sucrobo : 10 c.o. of 5 per cent. aoln. . 
Surrose : 10 c.r. of 25 per cent. eoln. 


After 24 hra. 
clear 

very turbid 
turbid 
turbid 

sliglitly turbid 
very tuibid 


Kiter 48 hn. 
clear 

very turbid 
turbid 
nearly clear 
clear 
turbid 


Tlie Tiscosity of the medium protects the Buspensinn against giavitatiuual and 
rlectrical forces. T. Bvedberg prepared colloidal soln. of red phosphorus in isobutyl 
alcohol by sending a series of small are discharges about the red phosphorus 
immersed in the medium. P, P. von Weimain obtained c nllmdn.! jdlow 
phosphonu by pouring an alcoholic soln. into a great excess of water, A. Lutter- 
moser found the ethereal soln. was clear and colourless, but in diffuse daylight 
it had an orange>yellow opalescence, and in transmitted light it appeared clear 
and yellowish-red—vidf! sujfra, scarlet phosphorus. V, KoLlschiitter and 
A. Frumhin found that when an electric discharge is passed through yellow 
phosphorus vapour, rod phosphorus is deposited in a highly dispersed condition 
uji the walls of the containing vessel. The deposit is loosened in the presence of 
indifferent gases — hydrogen, argon, helium, and nitrogen— and more so in the case 
rif argon than of helium. Hydrogen and nitrogen react chemically with the gas ; 
aigon and helium are absorbed. When the deposit is heated, it forms ordinary 
red phosphorus. The deposit formed at first is considered to be identical with the 
product obtained by suddenly cooling the superheated phosphorus vapour, and 
when heated, this sinters and passes with ordinary red phosphorus, and has the 
appearance of a homogeneous, dried gel of stannic oxide. 

A review of the alleged allotropes of phosphorus reduces their number to 
lour, namely, the a- and j3-foims of yellow phosiihorus, red or violet phosphorus, and 
black phosphorus. Most of the work of various investigators has been directed 
toward elucidafing the nature of red phosphorus, and of the transformation of 
yellow to red phosphorus and conversely. Bed pho.Hphoru8 was formerly con- 
sidered to be amorphous, and it was often called amorphous phosphorus. The 
term "amorphous,” however, hero referred more to the general appearance of the 
powder rather than to its minute structure. J. W. Retgers ^ showed that the 
particles of ordinary red phosphorus are rhombohedral crystals, which are well 
developed in those of W. Hittorf’s violet phosphorus. All four varieties are 
therefore c^stalline. J. W. Terwen has reviewed this subject in a general way; 
and M. Copisarow disenssed the theory of allotropy. 

P . Jolibois found that the velocity of transformation of yellow to red phosphorus 
increases with the temp. It is very slow at 3(>0^ but it can be observed at 2W 
if a trace of iodine as catalyst be 

present. Q. Lemoine investigated ^ [ j | | | | ' | "r~r | T f 1 

the transformation of yellow to — — — - — 
red and red to yellow under the s f M j 
wfluence of heat, and he con- 


cluded that the tranaformations ^ 4 e a k ^ la 

SS' — ’ no. 3.-Bpeod of Tranrfonnotion of Redto YelW 

iMCtton IB involved. If yellow PhospboniB (Dugranmuitioi. 

pbosphoruB be heated in e seeled 

Klaas tube to 440°, a state of equilibrium is attained between the yellow and led 
puospboTus : ^he slopee of the cotvee in Fig. 3 illustiate the epeeda 
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of transformation of red to yellow phosphorus in closed vessels containing initially 
1-8, 4-9, and 30 grms. per litre of space. The experiments were made by heating 
the vessds to the specified temp, and time, and then suddenly quenching the vessel. 
Similar results were obtained in the conversion of yellow to r^ phosphorus. The 
actual values depended upon the amount of phosphorus in unit vol,, and on the 
capacity of the containing vessel. This shows that the surface of the containing 
vessel plays some part in the reaction. The results follow the mass-law, 
i£lit=k(a^x), where £, the velocity constant— 0*31 for one set of experiments 
with red to yellow phosphorus, for the converse change the velocity constant is 
0-041 nearly. There is an anomaly when a large proportion of phosphorus is 
present in the vessels, for the yellow phosphorus condensed from the vapour 
attains a maximum and then decreases instead of remaining constant with 
time. L. Troost and F. Uautefeuille showed that the properties of rod phosphoiu') 
depend on the temp, at which it is produced ; and the variety peculiar to the 
particular temp, at which it is produced is acquired only slowly. The vap. press., 
for example, is higher the lower the temp, at which the red phosphorus has been 
prepared. Tims red phosphorus prepared at 265° behaves with icspert to that 
prepared at 440°, as white phosphorus acts with respect to red. This, said 
P, Duhem, means that varieties of red phosphorus prepared at a low temp, should 
be regarded as existing in a state of faux equxlihn^ and when they arc bioiighl 
to a higher temp., they change into the variety corresponding with this tem]>. 

A. Colson showed that there is no common solvent for red and yellow phosphoric 
lie studied the rate of conversion of yellow into red phosphorus when the forni^M 
is dissolved in turpentine or in carbon disulphide. The rate of conversion follow 
the same laws as when phosphorus alone is heated, and is dependent on the temp 
and cone, of the soln. For example, a soln. of phosphorus in oil of turpentints 
containing 23 grms. per litre, remained clear after heating for 62 hrs. at 
230-235"^, but gave a thick deposit of red phosphorus after heating for 8 to 10 
hrs. at 283^-290'’. A soln. containing 20 grms. of phosphorus in a litre of oil oi 
turpentine, deposited red phosphorus after heating for 66 hrs. at 260^-2(13 > 
whilst a soln. of phosphorus in carbon disulphide, containing 90 grnxs. per litre, 
deposited red phosphorus after heating for 15 hrs. at the same temp. Three 
tubes containing respectively 160, 125, and 10 grms. of phosphorus in 100 gims. 
of carbon disulphide were heated at 225'*-230^ ; at the end of 4 hrs, the ili^l 
tube coni ained a large quantity of red phosphorus, the second tube contained trai 
of the red phosphorus, whilst the contents of the third tube were unaltered. lU* 
said that the slow irreversible change oi yellow to red phosphorus in turpentiiio 
soln. at 250°, is due to the formation of small quantities of hydrogen phosphide 
and its subsequent decomposition into red phosphorus to form a farther quantity 
of hydrogen phosphide. A 2 per cent. soln. of phosphorus in oil of turpentine was 
sealed in a tube with hydrogen phosphide and enclosed in a tube containing a furtlier 
quantity of the soln. After heating at 240° for 4 hrs., the inner tube contained 
a copious deposit of red phosphorus, whilst the contents of the outer tube remained 
clear even after 12 hrs. at 2 ^°. Phosphorus dissolved in an oxygenated solveiii, 
such as ethyl benzoate, does not undergo any allotropio tran^ormation even 


when the soln. is heated at 305°-310" lor 25 hrs. 

The density of the vapour from red or yellow phosphorus is the same, and it 
corresponds with the mol. F 4 ; hence, from the analogy between a vapour and a solute 
— 1 . lU, B— it might be inferred that the two varieties of phosphorus would berome 
identical in a common solvent. If a soln. of yellow phosphorus in phosphurus 
tribromide—with a trace of iodine as catalytic agent — ^is kept between 170° e^^d 
190°, red phosphorus is gradually deposited. R. Bchenck measured the couc. 0 
the yellow phosphorus in soln. after the lapse of different intervals of time, aiu 
found the reaction to be bimoleculat, but when allowance is made for the mechamca 
removal of the catalytic agent from the soln, by the precipitated red phosphorus, 


the reaction is unimolecular. 
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Violet phosphorus is the stable form at ordinar}r temp, and yellow phosphorus 
the unstable modification. The reason the yellow phosphorus does not pass into 
the violet form at ordinary temp, n due to the extremely slow velocity of the change. 
By the distillation of violet phosphorus at 290‘', yellow phosphorus is obtained, and 
at ordinary press, the transition-point of the stable violet into the unstable yellow 
is masked by the vaporization of the phosphorus. According to A. Stock and 
F. Qomolka, when violet phosphorus is heated under ])res8. in capiDary tubes so as 
to prevent distillation, it forms a yellow fluid at and red particles begin to 
boparate from the cooling soln. at 580"*. At OTU"*, the muss turns red. Violet 


plLObphorus begins to melt ab 589-9°. The vap. press, of yellow phosphorus is 
greater than the red ; under ordinary 
conditions the curves cannot be carried 
above 400° because the yellow pho.s- ,, 
pliorus passes into the violet variety so ^ ^ 
very quickly. A. Bmits and S. 0. Bok- 'I 
liorst's two vap. press, curves are illus- | ^ 
trated in Figs. 4 and 5. Both vap. press, "ts 
lUTVos converge towards the transition 
puini as is the case with allotropic 
modifications of other elements. It is § 
iidcrred that both varieties would be in ^ fQ 
equilibrium with the vapour phase at 

the transition point— 589-9*^ were it ^ . . „ „ „ 

th.eipcrta™t. Tke xr w w sr JX 

complex phenomenon. If violet phos- l^hoRphorus. 

phnrus be heated in a closed space to a 

given temp, until its vap. press, is constant, and then heated to a higher temp, until 
h greater vap. press, is reached, on cooling, the vap. press, docs not return to its 
ui igiiul value, but lags behind, thus making it probable that the vaporization is not 
tn he explained by a simple dynamic equilibrium between the streams of mols. 
afijiroachmg and departing from the surface of separation between the two phases. 
In explanation, it is supposed that the vaporization of phosphorus involves the 
1 eversible process of true vaporization together with a rapid irreversible polymeiiza- 



Fm. 4. — Vapour Presauro Curve of Liquid 
I’hD^iplionjH and Sublimation Curve of 
lied PhoRphoruB. 


tjrni of the mols. of the vapour. 

The term red phosphorus includes a large number of products with properties 
which dlfier more or less from one another, and depend upon the temp, at winch the 
substance was formed. W. Uittorfs violet phosphorus, crystallized from molten 
lead, siauds at one end of the series, and scarlet phosphorus stands at the other 
end. E. Cohen and J, Olic consider ordinary red phosphorus to be an isomorphoun 
mixture or solid soln. of yellow and violet phosphorus in dynamic equilibrium : 
^*j(iiow=Pvioiet» where the equilibrium constant depends upon the temp. 
Cue objection has been made to this hypothesis : the denser varieties prepared at 
bigh temperatuies do not assume an appropriate lower density when kept for a 
long time at lower temp. The answer may be that the equilibrium condition is 
Very slowly attained at the lower temp, or that the reverse change is arrested by 
what P. W. Bridgman calls friciionQl passive resistance. Increase of temperatUK 
m^'sens the frictional resistance and the change can proceed further. This hypothesis 
t^xplaina ; (i) Why the reverse change does not occur on cooliog ; (ii) Why the 
imcloi formed daring the change from yellow to red phosphorus do not increase in 
but rather increase in number ; (lii) Why the sp. gr. of red phosphorus pre- 
P«ed at different temp, vary— thus the sp. gr. of R. Schcnck’s variety formed at 
^1 is 2-05, and W. Uittori's variety has a sp. p. of 2-39 ; (iv) Why red phosphorus 
poes not melt sharply like a pure chemical individual, but rather melts over an 
interval of temp, like a solid soln. — thus, according to A. Stock and 0. Johannsen, 
red phosphorus melts between 600° and 615°, and violet phosphorus between 620° 
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and 625° ; (v) Why the vap. pieRS. ol yellow phosphorus remains constant, when 
it is beat^j until all the yellow phosphorus has disappeared ; instead of changing 
abruptly to that of the red, the change diminishea:^uite rapidly ; and (vi) Why the 
amount of heat developed by the combustion of red phosphorus is not constant, 
but varies with the difierent varieties. Hence, it is inferred that nd phOBphonu 
is not B single homogeneous species, bat rather a transitional product formed 
during the passage ol pdbw to violet phosphorus. In agreement with 
L. Troost and P. Hautefeuille, A. Stock made the counter-suggestion that red 
phosphorus is a solid soln. of several varieties of red phosphorus in each other. 
J. Boeseken said that red phosphorus is a mixture of much violet phosphorus with 
a little colloidal phosphorus. A. Smits and S. C. Bokhorst also developed the 
hypothesis that red phosphorus is a mixture of two or more kinds of mols. in 
equilibrium. As pointed out by A. Stock and F. Gomolka, the heterogeneous 
character of red phosphorus really means that many of the measurements of the 
physical constants of this substance have nicht geringste Wert. W. Puttfarcken 
found some lower oxide in commercial red phosphorus. 

H. W. B. Roozeboom suggested that the relations between white and red 
phosphorus may be like those of cyanogen, and that the vap, press, curve of liquid 
yellow phosphorus may terminate below the m.p. of the violet form ; he also said 
that it may be that liquid yellow phosphorus is super-cooled violet phosphorus. 
A. Smits and co-workcrs showed that liquid yellow phosphorus is to be taken as 
super-cooled liquid violet phosphorus. It is usual to consider under-cooled liquids 
as being still in the liquid state, and since yellow phosphorus crystallizes in the 

cubic system, it is necessary to modify the ordinary 
meanings of some ol these terms. A. Smits am) 
co-workers represent the press.-temp. diagram of 
the phosphorus system schematically by Fig. 5 . 
Here the curve RC* represents the vap. press, of 
violet phosphorus at different temp. ; the vap. 
press, curve of liquid phosphorus ; &C*\ the effect 
of press, on the m.p. of violet phosphorus; 
the effect of press, on the m.p. of black phosphorus ; 
C"D, the effect of press, on the transition point of 
violet to black phosphorus. If molten phosphorus 
Pio. 5.— Diagrammatic Kepre- cooled below the temp, at which it is converted 

“'S ;;•« ™>'* pii.spb»u-^ a. 

phoniB. I'be vap. press, curve of uquid yellow phosphorus ; 

B', the m.p. of a-yellow phosphorus; B'B", the 
effect of press, on the m.p. of a-yellow phosphorus ; A'B\ the vap. press of 
ordinary yellow phosphorus ; WA% the vap. press, of j3-yellow phosphorus ; A'A'\ 
the effect of press, on the transition temp, of a- into j3-yelIow phosphorus. When 
molten phosphorus cooling from the state represented by E reaches the state 
represented by it may remain liquid, passing through the states C'B^, or it 
may pass into violet phosphorus assuming the states represented by C'B. 
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§ 6n The Physical Properties of Phosphoms 

As ordinarily prppared, phosphorus is a yellow solid with a waxy lustre. When 
well ])urifiod the so- called yellow or white phosjihorus is colourless, and triinspareiit 
if slowly cooled, and more or less opaque if rapidly cooled. J. B. Trautwein,^ and 
J. A. Buchner said that when cooled after fusion, yellow phosphorus may funuAli 
lur^c dodecahedral ni octahedral oystals. According to J. W. Jintgers, if a rod of 
yellow phosphorus is broken, the cryshiUine stiucture of the fractured Kurfarps 
recalls that of a broken ziuc rod. N. Bloudlot, W. 1>. Herman, G. Whewcll, and 
(1. A. Burghardt described the preparation of crystals of phosphorus from molten 
phosphorus. E. Mitscherlich obtained crystals by sublimation in a sealed tube 
containing an inert gas, and kept warm for a few days. B. Pelletier said that soln. 
of phosphorus in volatile oils yield octahedral crystals ; and E. Mitscherlich, tliat 
snln. in phosphorus sulphide furnish dodecahedral crystals. J. W. Ketgers found 
that soln. of phosphorus in turpertine, oil of aniseed, oil of lemons, or oil of almond^ 
give comliiiiations of the dodecahedron and cube ; while the crystals obtained by 
cooling warm cone. soln. in carbon disulphide, benzene, xylene, alcohol, ether, 
methylene iodide, and petroleum give dodecahedral crystals which are almost 
always columnar. 'V ery good crystals were obtained from methylene iodide, and 
carbon dLSulphide ; T. Bokorny obtained good crystals by adding alcohol or etiier 
to a carbon disulphide soln. of phosphorus, and pouring the soln. into cold water ; 
and A. 0. Ohristomanos obtained octahedral or doubled tetrahedral crystals by 
evaporating ethereal soln., and thick prisms, or needles from a benzene soln. 
0. Lehmann described skeletal crystals. The different forms of the cubic crystals 
were measured by N. S. Maskelyne, and E. Klitscherlich ; P. W. Bridgman sj5-ycllo^v 
phosphorus is hexagonal, while the ordinary or a-yellow phosphorus is cubic. 

According to L. Troosi and F. Hautcfeuille, the colour of red phosphorus varies 
with the temp, of preparation for that prepared at low temp, is scarlet, and that 
at a high temp, has a violet or purple tinge ; while that at a still higher temp, 
almost black. lied phosphorus was considered by A. Bchrotter to be amorphous, 
but W. Muthmann, and J. W. Retgers showed that while a little amorphmi'^ 
phosphorus may be present the bulk of the material consists of doubly refrartuHn' 
crystals. The crystalline nature of red phosphorus was confirmed by A. I’eriler, 
1 j. Troost and P. Hautefeuille, J. Boeseken, D. L. Chapman, A. Stock, and H. ArctmN - 
sky. As indicated above, red phosphorus ranges from the possible colloidal, scarlet 
phosphorus of R. Schenck to the so-called metaUio or violet phosphorus ut 
W. Hittorf. R, Engel, and W. Hittorf suggested that the crystals are possihj.v 
isomorphous with those of arsenic, antimony, and bismuth ; but, according t(^ 
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(1. Linck, ciystalB are trigonal with the axial ratio a : e=l : 1-1308, and are 
sot eutropic nor isomotphouB with those of arsonic, antimony, and bismuth ; but 
(i. Linck and F. Mollcr, A. Stock and co*workpiB, F. von Wolff, and 0, Johannsen 
rof^urded the crystals as monoclinic. This makes yellow phosphorus analogous 
With the cubic forms of antimony and arsenic ; and red phosphorus with monoclinic 
aniimonyand arsenic. H. C. Burger, and S. von Olshausen obtained an X-zadiogram 
of red phosphorus, but no detailed study has been made of the result ; although 
K. von Olshausen inferred that it has a simple cubic lattice of side (i=7'331 A. 
F. W. Bridgman's black phosphorus is crystalline. G. Linck and H. Jung found 
the X-radiograni of black phosphorus, like that of arsenic, antimony, and bismuth, 
Lonesponds with the trigonal or rhombohedral space lattice with a»5'96 A., and 
a- iT- There are 8 atoms per unit cell. D. Gernez found the velocity ol 
crystallizatioil of the under-coolcd liquid is 1-2 units at 43-8°, 56‘9 units at 41-4", 
J13-1 units at 38°, and 1030-9 units at 24-9°. 

0. W. Bdekmanu^ gave l-BUG for the spedflc gravity of yellow phosphorus ; 
A. F. de Fourcroy and L, N. Vauquelin, 2-0332; A. Wigand, 1*828; while 

A. Kihrotter gavel '820-1 *840. For the value at 0“,Q. Quincke gavel -DSC; G.Fisati 
:irul U. de Fraiichis, 1-83070, and G. Vincentini and D. Omodei, 1-83070, and at 
4-J4°, 1-80054 ; at lif, H. Kopp gave 1-826 ; at 13°, B, C. Damien, 1-8177, and 
II. M. Vernun, 1-811 ; at 17'", It. Bdttger, 2-0332 ; at 18", J. Bdeseken, 1-831 ; at 
L’U'', (r. ]*isati and G. de Franchis, 1-82321 ; at 24-274°, B. C. Damien gave 1 828 ; 
at 3 j°, J. H. Gladstone and T. F. Dale gave 1-823 ; at 44°, G. Fisati and G. de 
Kraupliis gave 1-8008; and at 44-274', B. C. Damien gave 1-814. J. Bdesekeii 
|.Mve for phosphorus puiilied by distillation in vacuo, 1-831 at 18°. For liquid 
jrhosplmrus, J. if. Gladstone and T. P. Dale gave 1-703 at 35° ; 11. Kopp, 1-743 at 
ir ; (!. Quincke, 1-833 at 43® ; G, Vincentini and D. Omodei, l-74r)29 at 41-1° ; 

B. (I Damien, 1-7555 at 44'2/4®; G. Fisati and G, de Franehis, 1-74924 at 40° ; 

al l(Ki°; 1-00270 at 2(KI° ; and 1-52807 at 280°; and W. llamsay and 

O. Masson, ]*i85() at the b.p. Observations were also made by A. Sehrdttcr, and 
F. 0. 0. von Feihtzsch. G. A. Erman found the sp. gr. of yellow phosphorus just 
lirfore melting to be 1-8121, and just after, 1-7500. According to F. W. Bridgman, 
llie sp. gr. of j3-yellow phosphorus corresponds with a contraction of 2 per cent, 
diiriiigits formation from ordinary or a-yellow phosphorus with a sp.gr. of 1-83-1-85, 

For the sp. gr. of red phosphoru.s, A. 8chrottcr gave 1-904 at 10°, and 
2H8L»-2-]06 at 17°; J. Boesekeu, 2-31-2-34; A. Wigand, 2-296; B. C. Brodie, 
3-14-2-23; G, Linck and P. Muller, 2-18-2-29 at 16°-19°; A. CoLson, 2-094; 
A. Stock and co-workers, 2-14 at 17°, and 2-17 at 22°, when for scarlet phosphorus 
under similar conditions the sp. gr. was 2-02-2-05, and for violet or metallic 
pliosphoruB, 2-35-2-37 at 22°. B. Cohen and J. Olie gave 2-18-2-23 for red 
phosphorus at 18°/4°, and 2‘23-2-24 at 1874® for violet phosphorus. P. Jolibois 
found the sp. gr. of slowly cooled red phosphorus to be 2-27. L. Troost and 

P. Uauicfeuillc showed that the sp. gr. of red phosphorus is dependent on the temp, 
at which it has been prepared. Thus, for that prepared at 205° he obtained 
3-J 18 at 0° ; at 300°, 2-19 at 0° ; at 500°, 2-293 at 0° ; and at 580°, 2-34 at 0°. 
W. llittorf, and G. Linck gave 2-34 at 15-5“ for the sp. gr, of violet or metallic 
phosphorus ; A. Smits and co-workers, 2’21-2'34 ; and A. Stock and F. Gomolka, 
3-39 for crystals with 3-5 per cent, of lead ; 2-36 for crystals with 1-5 per cent, of 
h*ad; and 2-36-2-37 fur crystals prepared with bismuth in place of load. 
P. W, Bridgman gave 2-699 for the sp. gr. oi black phosphorus. This constant 
is thus 15 per cent, higher than that of any of the other allotropic forms of 
phosphorus. The best representative values of the ap. gr. of the four allotropic 
forms of phosphorus arc : 

fl-ycllow. tt-ycllow. Vlolot. niark, 

Bp- gr. . . 1-88 1-B4 2-34 2-G89 

n. Buff gave 26 for the calculated atomio VQhune of tervalent phosphorus, and 
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22 for quinqucvalont phoaphorus ; and T. E. Thorpe gave 25*3. E. Petersen gave 
17-0 for the at, vol. of yellow phoMphoriu, and 14-7 for led phosphuruH. 
T. E. Thorpe, H. fiulTi and J. I. I’lme calculated the at. vol. of phosphorus in 
combination as POIg, FBrs, POCly, PSClg, POBrCls’ POI 2 .C 2 H 5 OH to range 
from 24-0 to 2G-1 ; that of free phosphorus, by 6 . Pisati and G. deFranchis, is 
20 - 2 . I. I. Saslowsky gave 2-31 for the sp. gr. at room temp., and 13*3 for the 
at. vol. W. Ramsay and 0. Masson gave 20-91 lor the at. vol. of the free element, 
and 25-3 for the combined element. H. Bufi suggested that the sp. vol. of 
phosphorus in combination varies with the valency. Accepting 11. Kopp's value 
of 7-8 for singly linked oxygen atoms, and 12-2 for the doubly linked atoms, 
T. E.Thorpe and A. E. H.Tutton calculated that at .vol. of phosphorus in phosphorous 
oxide to be 20-9 — about the same value as that of free phosphorus. 8 . Sugden 
studied this subject. E. B. K. T’ridcaux gave 20-04 for the at. vol. of the liqmd 
at 290°i and he calculated 15-1 for Iho at. vol. of quinquevalent phosphorus, and 
25-06 for the tervalont clement. He calculated the at. vol. of phosphorus in 
some difierent combinations to be : 

PCI, PBr, PClg PBr* POH, POll,nr 

At.val. . . 26-1 28-4 lC-1 23-3 18-9 21 0 

W. A. Kowalewflky gave 18-09-23-31 for the at. vol. of phosphorus in the alkyl 
phns|ihatea. T. W. Richards found the at. vol. under 493-5 atm. press is 11-4 
For the observed specific volume id the solid, A. Hess gave 0-55399, and 0-57>‘ii>r) 
for the liquid- this corresponds with an expansion of 3-44 per cent. W. Ramsay 
and 0. Masson found the sp. vol. at the h.p. to be 0-6731. E. Donath and 
J. Mayrhofer made some observations on this subject. G. Tumnianu gave for tie 
change of volume, 8 v c.c., on mclbing at 50-03^ 69-98“, 90-21“, and 100-18 , and 
respectively 220, 959, 1720, and 2155 atm. press., the respective values of 60 
•^0-01862, 0-01756, 0-01570, and 0-01478 c.c. ; or 8a=0-01lK)8-*U-000077(d-43-li). 
A. Hess gave 0-0190 c.c. per gram ; H. Kopp, 0-01894 c.c. ; B. C, Damien, 0*0179 : 
G. Piaati and 6 . de Franchis, 0*01939 ; and A. Ledur, 0-fd91. P. W. Bridgman s 
values of 8 v are indicated below. G. le Bus showed the ajiproximate convergeiire 
of the tenip.-vol curves of the liquid and solid states towards absolute zero 

A. Bmits and H. (J. Bokhorst calculated the value of the constant h nf 
J, D. van der Waals’ eqnatiim. This when taken to represent the size of 
the molecule becomes 0-00539, at the eritiiMl temp. ; the correspoiidiug \ aliie 
calculated for the phosphorus atom in phosphine is 0-00124 ; so that there are 
U-00539/U-(X)J 24= 4-3.3 atoms in the molecule. This is taken to indicate a sliglit 
association of the p 4 -m()ls. J. J. van Laar calculated for b of J. D. van der Wuals 
equation, 5=0-00140 ; for a, Va=0*066 ; and for the valency attraction if, a/ 3[=33, 
M. Trautz calculated 20xlU~^ cm. for the mdeoalBi diameter of phosphoru'^. 

B. Cabrera calculated 1-11 A. to 1-37 A. for the at. radius of P'". W. P. Davey, 
and C. del Fresno studied the at. vol. of phosphorus; and S. Mokruschiu, the 
mol. diameter at the b.p. 

A. W. Williamson 3 gave 2-805 grms. for the weight of a litre of phosphorus vapour 
calculated for normal conditions. J. B. A. Dumas obtained 4-42 fur the vapour 
density of phospliorus vapour when the value calculated for P 4 is 4-3 ; E. Mitscher- 
hch gave 4*58 ; and H. St. C. Deville and L. Troost found 4-35 at 500°, and 4-5() 
at 1040® ; while J, Meiisching and Y. Meyer gave 4-16 for the vapour density at a 
red-heat ; and 3-03 at a wliite-hoat, while H, Biltz and V. Meyer obtained 3-632 
at 1484® ; 3-226 at 1677® ; and 3-147 at 1708®. The vap. density, said V. Meyer, 
is oonsideiably less than corresponds with the p 4 -mDl at elevated temp., and at a 
white-heat approximates to the value required for Pj. G. Preiincr and J. Brock- 
moller made observations on this subject ; they found the total press., P, at temp- 
between 500° and 1200®, at constant vol., with the amounts of red phosphorus 
calculated in grams per c.c., shown in Fig. 6 . The conesponding partial prass* 
for of P 4 ; p 2 of ; and p of P are in^cated in Table 11. 
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Total 

prras. 

800“ 

IDOO" 

1200“ 

Pa 


P 

Pa 

Pt 

P 

Pa 

P% 

P 

6 

1-7 

1*6 

1-6 

0-01 

1-2 

3-8 

0-01 

1-0 

4*0 

iO 

3-8 


2-2 

001 


6-0 

0-2 

2-0 

7*0 

20 

11-0 


3-0 

2-U 

9-0 

9-0 

0-2 

6-0 

14-0 

30 

IB-O 


31 

6-0 

11-0 

14-0 

1-0 

10-6 

18-6 




3-3 

8-0 

13-0 

Ifl-O 

20 

14-0 

24-0 

60 

33-6 


3-4 

120 

16-0 

23-0 

3-0 

20-0 

27-0 

60 

41-4 

HQn 

3-6 

170 


160 

4-5 

26-0 

30-0 

70 

40-0 


4-0 


31-() 

17-0 

6-U 

32-0 

.72-0 

80 

67 6 

18-n 

4-6 


.74 -0 

18-0 

7-6 

36-0 

30-5 

00 

06 0 

19-0 

5-0 


37-0 

IH-O 

9-5 

42-0 

39-0 

|(HI 

74-0 


61 


40-6 

19-0 

ll-O 

48-0 

42-0 

160 

1220 


6-0 


.'i4 0 

25-0 

25-0 

74-0 

51-0 

20(1 

UiOO 

EH 

60 


G2'l) 

26-0 

460 

94-0 

69-0 

300 

auuo 

33-0 

6-6 

2H8« 

102-0 

30-0 

86-0 

143-0 

71-0 

(ilMJ 

5490 

440 

7-6 

440-0 

128-0 

32-0 

269-0 

216-n 

96-0 

760 

692-0 

50-0 

8-0 

676-0 

142-0 

35-0 

361-0 

283-0 

106-0 


The average number of atumft, t, per molecule is as follows ; 


800" , 

J‘ . 

. 37 

84 

158 

340 

470 

482 mm 

i . 

. 2-90 

3-61 

3-72 

3-76 

3-84 

3-87 

1000’ , 

P . 

08 

123 

226 

290 

468 

64-4 mm. 

1 t . 

. 2-2U 

2-77 

3-07 

3-lK 

3-27 

3-42 

1200' 1 

f P . 

. 88 

187 

3-t6 

440 

617 

890 mm 

1 1 . 

I-OS 

2-05 

2-29 

2-35 

2-73 

2-83 


Tlip calculated thermal values of the dissociation P 4 — 2 P 2 are 30,200 cnls. at 800° ; 
:i0,000 cals, at 900° ; 28,ri(K) cals, at irKK)" ; and 28,000 rala. at 1100° ; and for the 
1 * 2 — 2 ? tranafurmation, 23,200 cals, between 800'’ and 1200°. The effect of temp. 
i)u the equilibrium constant for P 4 ^ 2 P 2 is log (A^TGO)-^— (29lXlO+2r)/4-75!r 
+l-7r> log r-1-4; and A'g for Pg -2P is log (AV7G0— (230004 2r),4-75r 
-f 1’7.'3 log 3’0, where the chemical constant fur the P^-inol is — 1'4, and 
for the Pg-mol, — d-O. The dissociation constants are : 

800* 000“ 1000“ 1100“ 1200" 

. . . 350 ia-7 400 08 0 211 

A, . . . 7-4 3'8 9-0 ISO 36>0 

According to A. Stock and co-workers, the vap. density between 500® and 700® 
corresponds exactly with P 4 -mDl 8 ; at 
higher temp, dissociation occurs, but at 
1200° and 176 mm. press., only 61 per cent, 
is dissociated. Calculations agree with 
P 4 - 2 P 2 . Under atm. press., the dissocia- 
tion is 0-01 at 800®, 0-1 at 1000 ®, and 0*33 
at 12 (W® ; and under a press, of 0*26 atm., 
there^ is almost 66 per cent, dissociation at 
1200 °. S. Dushmau studied the reactions : 

P 2 ^ 2 P ; and P 4 ^ 2 P 2 . R. Wegseheider 
and P. Kaufler argued that yellow and red 
phosphoiufi are not merely polymorphous, 
bat that they are chemically different, 
l^ause, if polymorphous, the liquid forms 
should be identical, and if violet phosphorus is the stable form, molten 
yellow phosphorus, or a sat. soln. of yellow phosphorus in carbon disulphide, 
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Fia. 6. — Dissooiaticn Pressuics of Fhoi- 
piiorua Vapour at Different Tempera- 
tures. 
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when sown with red phosphornBi ahould furnish red phosphonu^ whereas 
no perceptible change occurs. According to D. L. Chapman, the vapours 
of ordinary and of red phosphorus are identical ; and W. Ostwald suggested that 
phosphoms vapour is neither that of ordinary nor of violet phosphorus, 
K. Srhaum said that this hypothesis applies only to phosphorus vapour at a higli 
temp. At lower temp., in consequence of difEerent rates of transformation, the 
vapours appear to be different. Again, when energy— actinic, thermal, or electrical 
— is added to the system, the vapour from ordinary phosphorus furnishes red 
phosphorus in agreement with the assumption that polymerization occurs during 
the formation of violet phosphorus. This, however, neither proves nor disproves 
the assumption that the vapours of violet and yellow phosphorus are different, 
W. R. Fielding discussed the polymerization of phosphorus. 

G. Lenioine's work, previously cited, is in agreement with the assumption that 
in the vaporous state a balanced reaction is involved: Fyeilow^^Fvinicit. 
Contrary to the statement of H. Arrtowsky, A. Stock and E. Stamm maintaineil 
that red phosphorus is not appreciably volatile at 10()°, nr even at 200° ; and that 
the vapour of red phosphorus condenses partly as red phosphorus when heated 
at 'JSOMCKJ® ; and that the so-called metallic phosphorus of W. lliitorf, at 300° - 
gives a vapour which condenses as yellow phosphorus even if it has been 
subjected to an intermediate heating at riOO”. Colourless pho’^phonis also gives a 
colour]e^s distillate. Hence, the vapour of red phosphorus must contiiiu mols 
peculiar to red phosphorus ; in agreement with the observaiion of A. Htork and 
co-workers, tliat red phosphorus can be sublimed in the crystalline form. Tljey 
also found m agreement with W, Hitiorf that when phosphorus vapour is rnpully 
cooled, a portion is condensed as red phosphorus, and the proportion of red 
phosphorus deposited is greater the higher the temp, of the vapour before the 
chilling occurs. The duration of the heating has no appreciable effect, but the 
cooling of the vapour must be effected rapidly. The surface of the cnutaining 
vessel has a catalytic influence on the quantity of red phosphorus formed by cliilliiig 
the vapour, but comparative experiments by A. Stock and £. Stamm showed that 
the quantity of rod phosphorus formed diminishes as the press, decreases; A. Stock 
and co-workers added that the.se farts are in agreement with the assumptions tliiit 
(i) the two forms of phosphorus are chemically different ; (ii) that red phosphorus n 
formed by the union of the dissociated mols of phosphorus either among themsch es. 
or with the undissociated mols ; and (lii) that the formation of the IVmoLs of yellow 
phosphorus, p4=2P2, is relatively slovrer than the formation of the mols of red 
phosphorus. The condensation of red phosphorus from the vaporous state is 
independent of the prei^cnce of liquid yellow phosphorus. A. Stork and 15. Stamm 
found that more red phosphorus is produced by chilling the vapour than corre- 
sponds with the dissociation into p2*mols. The rod phosphorus produced by 
chilling the vapour at and Ti mm. press., docs not contain more than one {jor 
cent, of yellow phosphorus. Hence, it is inlerred (iv) that both and P4 mol** 
take part in the formation of red phosphorus, possibly in accord with the 
equation: fnF2+nP4~P2m-i-4fii which is a relatively faster reaction than 2F2= IV 
These results are m agreement with the observations of W. Marckwald niul 
K. Helmholtz, who explain the phenomena observed by cooling liquid rril 
phosphorus by assuming that the liquid contains both Pi-mols of yellow and 
IVniois of red phosphorus in equilibrium : a\\T^hPn, Above the m.p. of led 
phosphorus, D92'5", most of the mols are P4, so that on rapid cooling the yellow 
variety is formed, hnt slow cooling allows a change of equilibrium in favour of the 
system on the right, and red phosphorus is deposited on solidification. 

From observations on the effect of dissolved phosphoTus on the vap. pTPSR> of 
carbon disulphide at 0°, G. Guglielmo concluded that the element is present in the 
form of P4-mols ; E. Beckmann, and A. Helff came to the same conclusion from 
ebuUiscopic observations with the same solvent ; and E. Pateioo and R. Nwm*. 
with benzene. J. Ueitz obtamed valuea in agreement vitb the presence of p4-uoli> 
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from observations on the efleot of phosphorus on the f.p. of benzene. G, A. Seylei 
ronsidered that the P 4 -mol agrees best with the observed latent heat of fusion ; 
K. Aston and W. Bamsay with the observed HurfacB-lonsioi) of the molten liquid; 
nod A. Smits and S. ( Bokhorst, with the critical constants. G. le Baa said that 
ihe moL Tol. of phosphorus docs not agree with a 1-membeied ring : 

P=P 

P=P 

but is an agreement with a tetrahedron having a phosphorus atom at each corner— 
i.p, four S-membered rings. 

According to J. B. Bydberg/ the hardness of phosphorus is 0‘5| when that of 
potassium is also 0-5 ; lead, 1*5 ; and copper, 3. C. A. Edwards gave 0-63 for the 
llrincU's hardness. J. Davy said that yellow phosphorus is brittle when cold, but 
of waxy consistency at ordinary temp. He added that it again becomes brittle 
at 3l*33°i and it is then easy to pulverize. N. Slatowratsky and G. Tammann 
uieasurod the plasticity of yellow phosphorus at various temp, up to the m.p., 
and found that a load of 55 kgrma. per sq. cm., sank into the material 2-5 units 
flt 20" ; 5‘8 at 30® ; 8-7 at 35° ; 22-2 at 40° ; and 79*0 at 43° — ^rather smallGr values 
were obtained with a falling tomp. G. Quincke, and B. Sckiil mpasured the 
capillary constants of phosphorus. E. Aston and W. Ramsay found that molten 
phosphorus does not readily wet glass; they gave 43-09 dynes pet cm. lor the 
surface tension at 78*3° and dynes per cm. at 132-1° ; with the respective 
bp. gr. 1-714 and 1-664. These data give for the molecnlar smfaoe energy, 748-2 
and 029-G. T. W. UiehuTda and co-workers ^ found the compressibility of yellow 
phosphorus to be (Sr/Sp)/i^=O-OUOOl09 kgrm. per sq. cm., between 100 and 500 atm. 
0'iK«Ki203 niegabar, or 0-0000200 atm. at 20°; while the mean compressibility 
of red phosphorus between lOU and 500 atm. is 0'U(.i0(K}92 kgrm. per sq. cm., 
()‘fKKX)2WJ megabar, or ()-(K)0(’091 atm. at 20°. The sparking which occurs when 
phosphorus is struck by a hammer is attributed by 0. Ohmann to the evaporation 
of the clement, and oxidation of the vapour. 

According to H. Eofip,B the cocQ. of thermal eipansion of ordinary phosphorus 
from O'* up to its m.p. i» quite regular, and its vol. at 44° is 1-017 times its vol. 
at U° ; when the solid melts, there is an abrupt expansion of 3-4 per cent., so that 
tlie vol. changes from 1*017 to 1*052. The vol. of the solid at 6 ^ is c=l-0.5l73 
H 0-0003839; of the liquid, v=l-05173+0'U00532ff, or u= 1+0-000506 9. 
G. Plsati and G. de Franchis gave for the solid at 9\ when the vol. at 0° is Vq, 
v=.ig(i+o«0i2O09+0-O5liri9'-2) ; for the vol. of the liquid between fO" and 60°, 
’-^'6 oU+ 0082969(9-50)+0-052115(9— 5U)"). E. B. B. Prideaux gave 
’’=-'»'o(l+0-0()05059+0-0|,llfl92) between 50° and 235". Solid phosphorus has 
the mean cooR. of cubical expansion 0'033671 ; and the liquid, between 50° and 60°, 
0-1^520. A. Leduc gave for the coeff. of cubical expansion of the solid between 
0° and ihe m.p., 0-000372 ; and for the liquid between 26° and 50°, 0*000560. 
G, Vincentini and M. Omodei gave 0-000520 for the solid, and 0-0005670 for the 
liquid ; while A. Hess gave the respective numbers 0-000426 and 0*000595. The 
percentage expansion in passing from the solid to the liquid state was found by 
G. Vincentini and D. Omodei to be 3-5; G. Pisati and Q. de Franchis gave 
1*03446 for the vol. ratio of liquid and solid at 40°, and 1-0504 at 44°; and 
A. Leduc, 1-0345 at the m.p., 44-1°. H. F. Weibe studied the relation between 
the thermal expansion and the at. wt., b.p., m.p., and sp. ht. 

U. Kopp 7 gave 0-202 for the gpedflc heat of sohd yellow phosphorus between 
13'^ and 30° ; C. C. Person, 0-212 ; and H . V. Regnault, 0-1895 between 7° and 13° ; 
0*1788 between — 21° and 70° ; and 0-1740 between — 78° and 10° ; and 
T. W. Richards and F. Q. Jackson, 0-169 between —188° and 20°. For liquid 
phosphorus, C. C. Person gave 0-2045 ; F. Desains, 0-2 ; and A. AVigand, 0-202 
between 13° and 36°. P. Nordmeyer gave 0-178 for the sp- ht. of yellow phosphorus 
between the temp, of liquid aii and room temp. G. Schmidt gave 5-08 for the atomic 
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bast of solid yellow phosphorus, and 6*086 for gaseous phosphorus. D. H. Drum 
mond gave foi solid phosphorus C^=5'304'0-000341T; and tor liquid phosphorus 
011=6*104 0*0(H)341T. W. A. KurbatoH said that the at. ht. of phosphorus is 
lower than that of the metals, and the mols in the crystalline state are more 
complex than those of the metals. 6. de Lucchi gave 1-175 for the mean ratio 
of the two sp. hts. of phosphorus vapour at 300^". The extreme values were I-IQ 
and 1 *22. For solid rod phosphorus, H. V. Regnault gave 0'lC981-0-1705 between 
15® and 98® ; and A. Wigand, 0'1829 between 0" and 51® ; 0*2121 between 0 
and 134® ; and 0-2162 between 0® and 199®. J. C. G. de Marignac found the sp. ht. 
of boln. of phosphorus in carbon disulphide P4'nCS2 to be 0*219 for n=0-25 , 
0-222 for w=0-5 ; 0-22') for n=l ; 0-229 for »=2 , and 0*2295 for ?i=4. 

The mdtillg point of ordinary phosphorus given by J. Davy ^ is 44*5® , 
r. Heinrich gave 46'2'i® ; G. Quincke, 43° , H. M. Vernon, 45-3® ; A. Sinits and 
II. L. de Leeuw, and H. Kopp, 44® ; A. Stock and E. Stamm, and A. Loduo, 44-1' , 
P. Desaius, G. A. Hulett, C. C. Person, and A. llelff gave 41*2® ; S. Liisssna, 44-27' , 
A. Schndter, 41-3®, and G. Pisati and G. de Frauchis, G. Vicentini and I). Oinodn, 
and A. Hp.ss, 44-4'-44*5®. J. Boeseken obtained 44*77®, and claimed that the Iom er 
values have been obtained with imperfectly dned samples. Fhnsphorub whuli 
has been kept many days in vacuo still retains some adsorbed water. F. Senba 
described an experiment in which a layer of water was rautinusly poured over 
some cone, sulphuric acid, and a piece of ordinary phosphorus dropped on the wnlci 
The phosydiorub sinks in the water and floats on the acid, where it is melted hy tlip 
heat of the reaction between the water and the acid. 6. A. llHlett,andG. Tainmann 
measured the eSeot of press, on the m.p. G. Tammann gave for the m.]> , 0 at 
a press, of p kgrms. per sq. om , ff=43-93+U-0275p— O-Oe'iOpa* or 

p . . 1 232 578 956 14.71 1872 

Melting point . 43 90* 50-01* 69 85* 70-18® 8179® 02 01* 

A. »Stock found that the m.p. of phosphorus depends on the rate of heating ; ami 
in contradistinction to A. Bmits and H. L. de Leeuw, A. Stock and E. Stamm dn) 
not find the m.p. of yellow phosphorus to he altered by beating it to 100° followeil 
by rapid cooling. Molten phosphorus is easily obtained as an under-cooled 
liquid, even at temp. 40® below its m.p. A. Bcllani, and H. Rose noted that contat t 
with solid phosphorus causes an immediate bolidifieation of the under-coolcd liqui'l 
The phenomenon is particularly marked with phosphorus which has been boded 
under an aq. or alcoholic soln. of potassium hydroxide. Observations on tlii^ 
subject were made by T. de Grotthus, J. B. Eallhofert, A. Schrotier,F.P. Venable 
and A. W. Belden, P. Heiniioh, J. W. Retgers, and D. Gcruez. The last-nameil 
also measured the velocity of crystallization of the under-coolcd liquid- vide 

When red phosphorus is warmed, said A. Schrottcr, it becomes dark violet, 
but it does not melt, although W. Hittorf observed that the particles sinter together 
when it is heated in an evacuated sealed glass tube. H. Arctowsky said that whni 
kept for 48 hrs, under a press, of 14-16 mm., red phosphorus forms microscopic 
crystals. Bed phosphorus passes into ordmary phosphoruswhen heated, W.HittoTl 
said that the change does not occur at 324®, but the yellow phospboius appear^ 
at 358®. A. Pedler observed no reaction when red phosphorus is heated in mercury 
vapour, but at a high temp., an inflammable vapour is given ofl without any sigu^ 
of the residue changing. D. L. Chapman melted red phosphorus at 630® in a scaled 
tube and ordinary phosphorus was produced. A. Sto^ and co-workers found that 
in a sealed tube red phosphorus begins to sinter between 600® and 605®, and at 
GIO® melts to a yellow liquid, w^e W. Hittoif^s phosphorus melts at 620 . 
F. Jolibois gave 725® for the m.p. of red phosphorus in a sealed tube, and said that 
red phosphorus is stable between 450® and 610®. W. Marckwald and K. Helmliolt/^ 
gave 592-5° ±0-5® for the m.p. of red phosphorus, and A. Stock said that the m.p 
depends on the rate of heating. W. A. Wahl observed that red phosphorus become^ 
black at 500®, and when con£ied in a capillary tube, it forms a yellow mobile liquid 
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at 600° ; on cooling, the colour deepens to a reddish-brown until solidification occurs. 
M. Volmer and I. Estermann observed that the fraction « of vaporized phosphorus 
which IB condensed on a cold surface, while 1-^ is reflected, varies between 0-2 
and 0-5. 

A. Smits and S. C. Bokhorst gave 5R9*5° at 43-1 atm. for the triple poilit of 
violet phosphorus. D. L. Chapman, and P. Jolibois estimated the triple point to 
be r. 600°. W. Marckwald and E. Helmholtz found the transition point of red 
to Idack phosphorus to be 575°. P. W. Bridgman found that the transition point 
nf ruble ora-yellow phosphorus to hexagonal or jS-yellow phosphorus to bo : 

4) . . . 1 GOOO 8000 10,000 12,000 kgnns. per sq. mm. 

TrannilioD point . - 7C-9" 21-4" 43-7** 61-4“ 

K. Lorenz and VI. Ilcrz studied some relations of the transition temp. A. Hmiia 
innl S. C. Bokhorst gave for the saUimation point of violet pho'^phorus. 
V. /rngrlis observed signs of the volatilization of red i)hospiu)iii8 at ordinary iomp. 
Ariiniling to B. IVllctier, the boiling point is 2fK)°; J. Dalton gave 2SK ; 
li, Mitscherlich, 200°; l\ Heinrich, 250°; tt. Preuner und I. IJrockmoller, 200' 
,il 770 mm. ; and G. Pisaii and G. de Franchis, 278-3° at 702 mm. A. Smits and 
S. Bokhorst gave 265-5° at 562 mni. ; 280-5° at 760 min. ; and 208-16° at 1048 
mm. ; wliile P. Jolibois gave 262° at 536 mm. ; 281° at 786 mm. ; and 21)5° at 
lOlU nim. According to A. Schruttcr, the b.p. at different press., p mm., arc : 

. . . 120 173 204 2G6 339 303 514 760 

Dniling point . 163" 170® 180“ 200 " 209“ 226“ 230" 287-3“ 

N. Blondint found that ordinary phosphorus slowly sublimes at 40' ; according 
to B. Pelletier, the vapour is colourle-ss. The vapour of phosphorus is given off 
Tvbeii ]j)iu.^pliorus is Ijoiled under water, and the luminosity piudmeil iii the con- 
denser furnished K. Mitscherlich with a means of detecting phosplionis. The 
plpiiient also vaporizes slowly at ordinary temp. J. Joubprt found the vapour 
pressure of solid yellow phosphorus at 5° to be 0-03 mm., aud at 40'', O-’il) mm. 
M. (Jcntnerszwer gave ()-()253 mm. for the vap. press of solid at 20° ; 0-1)724 mm. at 
50'; f)*0ftii3 mm. at 35°; nud 0-1221 mm. at 40°. D. MacBae and C. P. van 
Vnorhis represent these results by logioji>"=!)-6t511 — 32S)7-ir”i mm. These 
investigHtors found the vap. press., p mm., of liquiil yellow phosphoriiH from 44° 
to 1,5()‘ ; G. Preuuier and 1. Brockuioller, from 200' to 250'^ ; and A. Smits and 
S. C. Bokhorst, from 210° to 581° : 

441" 09-92" lOO’ll" 150* 250" 280-5* 8318" 604" .*>81" 

V . 0-173 0-823 3-66 27*20 426 760 1677 2 17032 31236 

D. MacCrae and C. C. van Voorhis represented their measurements between 44*1' 
aud 150° by logjp p=7-9542 — 2757-5 T"! mm. L. Tioost and P. Hautefeuille 
measured the vap. press, of liquid yellow phosphorus between 360° and 510°, and 
found that above 510°, the liquid was transformed so rapidly into red phosphorus 
that its vap. press, could not be measarod. They also measured the vap. press, 
of red phosphorus between 360° and 577°. E. Riecke represented their values for 
solid red phosphorus by logiQp=— 45-01+16-28 logip T— 832r"^ atm.; and for 
liquid phosphorus, logip 2-450+2-064 logip T— 1530 atm. P. Jolibois 
also measured the vap. press, of red and yellow phosphorus. A. Smits and 
S. t>. Bokhorst gave for solid and liquid violet phosphorus from 308-5° to the 
critical temp., 695° : 

808 5" 870-5" 480-5" 680 5" 593" 634" 605" 

P . , 0-07 O-a.*! a- 46 43-1 44-2 58-6 82-2 atm, 

' Soilil. M.p. uiiAfi 

They represented their results by logio /• -19*2189 — 36B6-96r"^ —3-59 logjo T mm. ; 
cud on the assumption) rendered probable by the work of L. Troost and P. Haute- 
feuille, and A. Smits and co-workers, that undcr-cooled liquid violet phosphorus 
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and liquid yellow phosphorus are identicali D. MaoRae and C. C. van Voorhis 
represented the vap. press, of liquid violet and yellow phosphorus from 115'^ 
to 634^ by logio p=ll-5694—2B98*ir“i— 1-2566 logio T mm. In the vap. press, 
formula A. Smile and S. C. fiokhorst found that 

between 200°-300" ; 2-M, between 300M00® ; 2-60, between 400°-500® ; and 
2*40, between 500”-^°. A. Smite and co-workers found the vap. press, of black 
phosphorus to be rather less than that of violet phosphorus below o. 560'' ; about 
the same at 560° ; and above that temp.^ the vap. press, is rather higher than that 
of violet phosphorus. Thus : 


Vap. prose. 


{ 



B16* 

653” 

5B7* 

608" 

Black • 

. S-B+ 

19*3+ 

28'S 

3B-5 atm. 

Violet . 

. 10*5 

21*6 

28*5 

350 „ 


It is assumed that violet phosphorus is the stable form ; but the metastable siato 
of the element should have a higher vap. press, than the stable state, hence, it 
further assumed that the mols. of the black and violet forms of phosphorus are not 
built up of the same kind of molecules. M. Centnerszwer found the partial press, 
of phosphorus vapour at 20° in an atm. of hydrogen is 0*0253 mm. ; oxygen, 
0*0251 mm. ; carbon dioxide, 0-0312 mm. ; coal-gas, 0-0242 mm. ; air and 
iodobenzene, 0-0253 mm. W. Herz found that the constant c in the equation OxfOj 
=TilT.^+c{Tz--Ti) varies from 0*001374 to 0*001990. 0i and 02 denote the b.p. 
of two liquids at any press., and Ti and T 2 , the b.p. of the same liqtiiils ut 
another press. 

W. Marckwald and K. Helmholtz found the critical temperature of yellow 
phosphorus to be 720*6° ; J. J. van Laar gave 675° for the critical temp., and 81 ) 
atm. for the critical pressure. W. A. Wahl gave 695° for the critical temp, of 
violet phosphorus; and A. Smits and S. 0. Bokhorst gave 82-2 atm. lor llu 
critical pre.s.s. C. 0. Person ^ found the heat ol huion uf yellow phosphorus to bn 
4-71 to 5-2 cab. per gram at 44-2° ; P. Desaius gave 5-06 to 5-4 cab. per gram ; and 
0. Pettersson, 4-74 cals, per gram, or, 0*15 cal. per gram-atom, at 29-73° ; und 
4-97 cals, per gram, or 0-15 cal. per gram-atom at 40-05°. G. Taroinann gave for 
the heat 0 / fusion, L Cals, per gram, at the following temp, and press, in kgrms. per 
sq. cm., 50-03° and 220 , y.-4-94 ; at 69-98° and 959, 7.=5-28 Cab. ; at 90*21° and 
1720, i--5-26 Cals.; and at ]00-18°, and 2155, £=5-19 Cals. P. W. Bridgrnaii 
found for the latent heat of fuaioii of phosphorus, L kilogrammetres per gram 
the change of energy, Sf; the change in vol., Su c.c. per gram; and the temp. 0 , 
at a press, p kgrms. per sq. cm. : 


P 

1 

2000 

4000 

6000 

6000 

8000 

10,000 

12,000 

B 

. 412" 

09-3" 

148*2** 


-2-4« 

21*4" 

43-7" 

C4-4" 

hv 

. fM)1927 

001607 

0-01430 

0*01218 

0*00851 

0-00709 

0*00746 

0 00694 

L 

. 2-09 

2-41 

2*63 

2*78 

18*61 

20-24 

21-82 

23*29 

BE 

. 209 

2-07 

2 06 

2*4 

18*10 

19*61 

21*06 

22-44 


- ■ , M ■ ✓ ^ 

YpIIuw plunphoius. Black phocphoriu. 


A. Smits and co-workers calculated 10-2 Cab. for the molar heat of fusion of violet 
phnsphoms. C. A. Soyler employed the heat of fusion and the sp. gr. of sobd and 
liquid at the m.p. to calculate the number of atoms in the mol. B. de Forcrand, for 
the heat oI vaporizatiaii of yellow phosphorus, gave 130-4 cals, per gram, or 4 Cab 
per gram-atom, at 287'' ; and II. Oiran obtained 3-89 Cal. per gram-atom for yellow 
phosphorus, and 7*60 Cab. per gram-atom for red phosphorus. A. Smits and 
co-workers calculated 12-5 Cab. for the heat of vaporization of liquid phosphorus at 
its b.p., 280°. A. Hengloin gave 1-956 Cab. for the mol. heat of evaporation of 
phosphorus. The subject was studied by K. Bennewitz. Thb gives the normal 
value 22 for Trouton’s cemstant ; but the baU ol mddiiiiatioaa of violet phosphorus 
is 25‘B Cab., and this gives the abnormally high value 37-5 for Trouton’s constant. 
K. de Forcrand calculated values for the heats of fusion and vaporization of 
phosphorus. G. N. Lewis and co-workers calcubte ntnvf gaseous 
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nhosphoruB at 26'’ and 760 mm. piesB. to be 36-95 units per gram. 1). H. Drum- 
mond gave ^70— 0-82' log T+i^&lT cals, for the free energy ol fusion, i.e. IS-l 
cals, at 25*’ ; and 58-871+16-4riogr+0-(X)a33r2--0'<l68r»-203-7 for the free 
energy of vaporization, i.e, 6063 cals, per gram-aLom at 25°. The entropy clmnge 
rm fusion is 0*506 cal, and on vapoiization 25-5 cals. Hence, from G. N. Lewis 
and co-workers’ value for phosphorus gas, the entropy of phosphorus at 25° is 
0-95 units. E. Kordes discussed the clunges of entrojty on melting pliosphorus. 
li'or the heat 0l diSiOciatiQn p4=2p2, A. Stock and co-workrrs gave 49*2 to —50-3 
l^nls. H. Giran gave 4*4 cals, for the heat ol tcanabniuitioii of white to violet 
phosphorus. 

E. Petersen estimated the difference in the boat ol oxidation of yellow and of 
ri'd ]ihoHphoruB to be less than 100 cals. T. Andrews gave 5747 cals, for the heat 
of oombostion of a gram of ordinary phosphorus with oxygen ] 4509 cals, per 
gram of oxygen ; or 6479 cals, per litre of oxygen. P. A. Pavie and J. T. Silber- 
mnmi gave 209,476 cals, for the heat of oxidation of yellow phosphorus and 181,230 
eals. for red phosphorus. II. Giian gave (2P,50) =369-4 Cals, for yellow phosphorus, 
and 365*7 Cals, for the red form. J. J. B. Abria gave 351-48 Cals., and T. Andrews, 
Cals, for yellow phosphorus. L. Troost and P. llautefeuiUc found that 
rummercinl red phosphorus has a heat of combustion 362-82 Cals, and for samples 
of red phosphorus prepared at 265°, 360°, and 580° the heats of combustion have 
th(' respective valura of 367*34, 345*34, and 362-86 Cals. The heat of combustion 
of ordinary yellow phosphorus is 369-90 CaLs. J. C. Thomlinson has made some 
bpeculations on the relations between these values and the valency of the phos- 
phorus atom ; but the data on which the arguments are based apply to lieter ogeii ecus 
mixtures and not to a definite chemical individual 

The index ol lelraction of solid yellow phosphorus in air at 29-2° was found 
by 11 C. Damien to be 1-8244 for the D-line, 2'093(XJ for the //a-lme, and 2*1988") 
for the //y-line ; and at 37*5°, 1*8191 for the D-line, 2*08873 for the /fa-liiic, and 
2-19462 for the i7y-line. He also found for liquid yellow plmspliorus in air at 
4 i \ 2-15274 for the I) line, 2*11311 for the J-linc, and 2*05(lJU for the C-liue ; and 
at 2-14012 for the Z)-lino, 2*09943 for the F-lme, and 2-037 l 51 for the ('-line. 
Up also found for the temp, coefi. dfijddj — 0-Ut)005l per degree. J. W. lldgers 
gave 2-14 for the index of refraction ol solid yellow phosphorus. E. Schmidt made 
home observations on this subject. F. P. le Koux gave l't)Ul364 for the index of 
refraction of phosphorus vapour ; and C. Cuthbertsou and E. P. Metcalfe, 1-001197 
lor light of wave-length A=589*3/i/i. They rpj)n'senled their results by fi— 1 
- (HK)UC2(l+l*53xi0”^®A”2) ; and C. aud M. Cuthbertsou by 76XllP/(6534 
X10-7_„2)\ yf Retgers said that the crystals of red phosphorus have a high 
index of refraction. V. Berghoff found for />-light, at 20°, the relructiDn ci/nstanis 
of soln, with 4*762, 13-043, and 20 per cent., p, of phosj)hurns in carbon disulphide, 
the respective values 0-002761, 0*002929, an<l 0-002975 for 
11. (j. Madan, for a sat. soln, of phosphorus in methylene iodide at 18', 2*021, 
1*984, 1-944, and 1*929 respectively for (7-, F-, Z)-, and C-light. A. Uaagen gave 
0*1816 for the gpeciflc refractory ^wer» and J. H. Gladstone, 0*590 ; A. Schrauf 
gave for the lefractiOD equivaleutf 0*019406 for phosphorus vapour in red-light 
—when the value for hydrogen is 0-00405— and 0*075547 for liquid phosphorus ; 
and with the /A-formula, 0*000626 for the vapour, and 0-lX)2437 for the solid. 
J. II. Gladstone gave 18*3 for the refraction equivalent -when the value for 
hydrogen is unity— and he also gave 3*0 for the diSj^on equivalent F. Zcccliiui 
bhowed that the nfriwijn xefracticin of phosphorus changes with the nature and 
number of other elements with which it is combined. For temp, ranging from 
18*6“ to 29*3°, he found for the at. refraction of phosphoius in 

, P(0,H,), PCOjHj)*! PCI 5 POCl, PI3r, P,!* P(C’,nj), 

fi-forzDula , , 17.24 1B*24 16*65 S-Q2 20*01 24*12 21-34 

P**-formula , . 9-47 io-20 8-81 4-92 0 72 9 02 11*18 

at. refraction is least iu the chlorides of phosphorus and greatest iu the iodide, 
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the value deduced from the bromide bemg intermediate Hydrogen phosphide 
gives a much lower value for the at. refraction of phosphorus than do the halogen 
oompouudb of the same type Compounds of phosphorus with the same elemellt^ 
give practically the hame values for the at refraction , this is especially well shown 
with the tn- and peiita-chlondes The very low refraction eq of phosphorus ozy 
chloride is remarkable , it gL\cs the at refraction of phosphorus as less than half 
that which the elemenf has in the free state or when c ombined with chloiine alone 
The formula gave more consistent results than the formula , and the value 
were greater with the D-rav than with the /fo-wy W A Rowalowsky found 
7 71 for the at refraction of phosphoius in the ( liluroanhydrides of alkyl phosphate s 
C P 8myth studied this subject , and J E Call lirop, the relation between the at 
\ol and the index of refraction 

J Kerr found phosphorus to have a positive double refraction in the elei trie field 
K Schultz Sellack showed that an H-mm hnci of asoln of lU parts of phosphonis 
in one of carbon disulphide al)Soil)s >2 per cent o[ the rays emitted from i 
lampblack surface at KK) , and '>7 jur cent of tin heat r i>s from a c oal gas flaiiu 

R T Simmler^^ shoWTd that the flame ePBClanim of burning pho^phoTus i 
(ontinuous Burmng phosphine gi\es no linr spectrum ^ and phosphoric acid 
colours the non luminous gas flame blue J Pluikti observed that tin 
ordinary electric discharge tube fdlcd with hjdrogen and jdiosphonis \apoiir show 
onh the spectrum of hydrogen, but with the vapour of phosphorus trnhloride In 
obsened lines due both to chlorine and to phosphorus %hpn pliosphorus is 
introduced into a flame, the inner tone is colourtd green , and if li>diogen la 
passed o\er phosphorus, or, act ording to L Dusart, if phosphorus, lnpopho»*plioruu 
or phosphorus acids or then salts be introduced mto an apparatus generatiiij 
hydrogen, the gas subsequenth bums with an emerald giecn flame, and a y ellowish 
red him is deposited on a piece of cold poicelain held in the flame The present 
of alcohol, ether, or of several oigauit substaiitcs rtUrds tin ar tioii Ihe spertruin 
of a hydrogen flame containing pliosphoTiis shows two grciii lines, one of which h 
close to the green barium line J Plucker and J W Hittorf first obtained the 
line Bpectmm of phosphorus from a warm evacuated disiharge tube contuiuiog i 
little phosphoTU'' The line spectrum was aKo observed b\ G Salet, A Ditti 
K. B Hofmann, A de Giamoiit, E Dcmar^a), A E Kuuik and to nork(r> 
F Exner and E Ilaschek, A Hagenbach and H Kuneii, P (Jiutci, E Goldstcm 
and J M Eder and K Valenta The more important lines are O'iOfl m the n d 
6fr)8 and 60?13 in the orange-yellow , '5403, M82, '’>338, 3307, and iJJ 1 

in the green , 4bUl and 4589 in the blue— Fig 7 M Curie studied the spail 

I 

BtPOO ;;ooo 6,000 5^0 4^00 

Fio. 7 — The Lme 8p<«ctnim of l^iosphorus. 

spectrum of liquid phosphorus, and A de Granioiit, the ultimsfe lines of the 
spectrum The band gpectnim of phosphorus was considered by J Formanek to 
be best observed in the flame of burning hydrogen obi ained by putting a very sin ill 
piece of phosphorus in an apparatus generating hydrogen gas The inner nnn 
appears gieen The spectrum hhows four bands a feeble one in the orange y ellow , 


BfiOU 7,W0 BfiQO BfiOO 

Fig. B. — The Bond Spectrum of Phosphorus. 

about 5905 , a pale yellowish-green band about 5606 , a pale greemsh yellow band 
about 5264 , and a feeble green band about 5107— Fig B. J. E. Purvis found 
that the vapour shows no absorption bands in the ultra-violet. G. Salet showed 
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ihafc this proceduTO is a voiy sensitive means of delecting phosphorus in iron, or in 
rases of phosphorus poisoning. The banded flame spectrum was examined by 
J. M. Reguin, V, f Jlirisioflc and V. Bcilstein, A. Fetrikalu, E. Muldorj A, Mitscherlichj 
0. S. Duilendack and II. Huthsteincr, W. N. Hartley, F. Exner and E. Haschek, 
and P. Geutei. The band spectrum was also investigated by 6 . Salet, 

L. de Uoisbaudran, C. J. Lundstrom, W. N. Hartley, C. de Watteville, and 
A. de Oramont and C. de Watteville. The aiC Bpectrum was studied by 

H. Kayser and C. Range, F. Exner and E. Haschek, M. 0. Rultmarsh, A. Hagenbach 
and 11. Koueu, and J. M. Eder and E. Valenta. Thp absorption spectrum was 
dracribed by J. N. Lockyer ; and the emission spectrum of the heated vapour 
by E- Patorno and A. MazzucheUi. The eftcci of lempcTaturc was examined by 
U. UiuQiician, and A. Schuster ; and these investigators also examined the effect 
nf preasure. A. de Gramout studied the action of the so-called svlf-inductwn on 
the spectrum of phosphorus compounds. K. A. Millikan and 1. B. Bowen studied 
the extreme ultra-violet spectrum. W. W. Shaver measured the spectral lines 
])iodnced by the electrodelcss discharge in phosphorus vapour ; F. Holweek, the 
•iltra-violet s])ectrum ; C. B. Crymble, the absorption spectrum of the phosphorus 
uhlorides ; and J. J. Dobhle and J. J. Fox« the absorption of light by the vapour 
of phosphorus. A. Petnkaln W. Centnerszwer and A. Petnkaln, W. N. Hartley, 
and H. J. Einnl^us and R. H. Purcell discussed the origin of the ultra-violet 
spciiriiui of glowing phosphorus; and the last-named concluded that it has its 
origin iu the molecule of au oxide. According to A. Fowler, and W. M. Hicks, no 
series spectral lines have been observed iu the phos))hoTUB spectrum ; but 
M 0. Saltmarsh found that tlie series system in the spectrum of doubly ionized 
Iili[)«^[)liorus is a doublet system in accordance with the spectroscopic displacement 

I. 1 W. Three members of the triplet series of the spectrum of trebly ionized phos- 
]iliufus have been identified. For three groups of elements, each having its own 
( karai tcristic electron structure, the sharp terms are greater than the diffuse terms 
with the same Rydberg’s number for the neutral and singly ionized eleroent, but for 
hicflicr hUges of ionization the diffuse terms are greater than the sharp. R. R. Liud- 
MV, 0. Luporte, N. K. Sur, J. C. McLennan and A. B. HcLay, 1. S. Bowen, and 
It. A. Millikan and I. S. Bowen discussed this subject. The general subject was 
review eri by 11. Kayser. W. W. Cobleiitz measured the Ultra-red transmission 
spectrum of phosphorus. M. Ceutncrbzwer, and A, Pctrikaln found the liiiiiimius 
glow of phosphorus in an organic solvent has a continuous spectrum in the vimble 
region, but in Ike ultra-violet there are fourteen sharp lines and a band near 3:2r)2. 
A. i'ctrikalii found broad bands covering the fourteen lines between A- 2081 A. and 
201.1 A, previously observed. H. J. Eiiieleus and W. E. Downey did not agree 
>mUi ilia latter conclusion. They also found that when phosphorus burns in 
enriched air with a fiame temp, of 800'", there arc five bands in the ultra-violet at 
A 2:ilK), 247b, 2530, 3630, and 3275 A, ; the same bands occur when phosphorus 
burns under reduced press, with a flame temp, of 125“, but the bands are resolved 
into smaller bands ; and when phosphorus glows, it omits the same bauds as the 
low temp, flame. 11, J. Kiiudrtis found the same spocirum is emitted from glowdng 
phosfdiDius oxide, anrl phosphine burning in oxygen. K. Schmidt said that plios- 
phoTUH is opaque to the ultraviolet rays. 

The A'-series of theX-iay BPectnun was examined by H.Fricke,i- J.Bergeiigreu, 

M. de Broglie and A. Dauvillier, £. Biicklin, 0, Btelling, D. M. Bose, F. Ij. Mohler 
ttuil P. D. Foote, 6 . Wentecl, E, Hjalniar, 0. Liindquist, L. A. Turner, A. E. Lindh, 
1-’. D. and D. Cooksey, G, Wentzel. B. K. Allison, F. llolwcck, J. 0. McLennan 

M. L. Clark, studied the L-scries of the X-ray spectrum. A. Dauvillier 
could not find the Lj-ray, According to J. Bergengren, the wave-lengths of the 
limits of absorption in the X-ray absorption spectra of the different varieties of 
phosphoruB, are different for black phosphorus and for phosphorus in the form of 
phosphoric acid ; that of red phosphorus sliows a double limit, one component of 
which is identical witb that of black phosphorus, and the other, attributed to yellow 
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phosphorus, coincides, at least approximately, with that of phosphoric acid. 

T. E. Auren found the relative at. absorption coefi. of phosphorus for X-rays is 

when that of lead is ri69. 0. Ktelliug studied the effect of radicles bound 
directly to quinquevalcnt phosi>hnruR on the X-absorption wave-lengths, and also 
the effect of different valencies of phosphorus with the same radicles. Elements 
bound direi tlv to quiuquevaleiit phosphorus cause a shift of the A-absorp- 
tion towards a longer wave-length in the order 0<N<H<C<C1. These 
results were disciis^ed by S. Aoyama and co-woikers, and M. dc Broglie and 
A. Dtiuvillier. h\ L. Mohlcr and P. D. Voote ^3 gave 5-80 volts for the resoaaiice 
potential nf phosphorus vapour, and 13*3 volts for the ionizatioii potential. 
A.E Ruarknudi o-workers gave] 3-3 voltsfor the ionization potential and 5*80 volt^ 
for tJiu inelastic collision potentiaL K. T. Compton discussed this subject, 

U. S. Duffendack and 11. Ilutlibtcmcr gave 10*3 volts for the ardng potentid of 

the vapour of red phosj»horus at 335*^, and they regard this as the ionizing potential 
of the phosphorus atom. J. E. P. Wagstaff ralcuLitcd the vibration Ir^uency of 
red phosphorus to be and M. Hnlucok gave 128 volts for the critical 

potential of the A-£»cjies nf the X-ray spectra. E. N. Ghosh dwcussed the rclatiim 
between the ionizing poteutial and the electronic structure ; and R. C. I)i.swas, and 
the mol, vol. 

The actinic properties of the light from burning jiho^sphorus were found hy 
J, M. £dcr to be much less than those of burumg magnesium or alumiuiuin. 
The lutmie propeiiics nf the ilauie ohlamrd wlien a suit), of jihosphuTUS in carbon 
disulphide is burnt, were mentioned by J. Murray. L. llulla and G. I'iccardi 
studied the ionization of jiho^pliurus iii liames. 

According to M. Paraday,^® liquid and solid yellow phosphorus are non 
( uiiductors ot clectrir ity ; G. L. Knox said that tlie electrical conductivity of fusi d 
pliosjihoius is small ; A. Matthiesscii obhcrvcd that if the conductivity of silver 
be 1(HJ at U®, then that of red and yellow phosphorus is 0-05123 at 20®; ami 
G. Fouhsereau gave 0*yo7Xl()”^^ mho for the conductivity uf subd phosphorus 
at 11°, and O-tMl mho at 42°, while for liquid phosphorus, ho obtained 

0*43')Xl0”“® mho at 25°, and 0-289x10“® mho at 100°. P. W. Bridgman found 
the electrical rp^i'stauces, 11, of black phosphorus at different temp, and pies*^., 
p, m kgriii'i. per sq. cm., were : 
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The a veroge value of the preas. cocff.is — 0-00(»293 at 0° between 0 and 12,000 kgriii'i. 
per &q. cm. press. , — 0'0(V)277 at 50“ ; and — 0-0002r>0 at 100“ ; and for the teiiqi. 
cooff., at the temp, coeff. is — 0*0(K)200, and at 12,0(K) kgrms. per sq. cm. press , 
— 0-U0U320; the corresponding values at 50“ arc — U-(XX)231 and — 0*0002'J(» 
respectively; and at 100', respectively — 0-0002H2, and — 0-000249. The s]). 
resistance was l(X)f) ohms per cm. cube atO°. W. R. Grove found that phosphine 
is formed when a current is passed through ordinary molten phosphorus, but if the 
occluded gases have been previously expelled by heating the phosphorus in varuo, 
no phusphine is formed. 1\ Walden found that a soln. of phosphorus in phosphoiu^ 
trioblondc is a non-conductor. 0. Bcichcnheim discussed the conductivity of 
phosphorus vapour. The action of an electrical discharge on phosphorus vapour 
has been discussed in connection with red phosphorus. 0. W. Richardson found 
that phosphorus vapour discharges a hoi positively charged platinum plate, 
and the vapour is jirobably adsorbed by the metal. The effect is not due to the 
oxidation of phosphorus, because, as indicated below, both positive and negative 
ions are then present. A. Guntber-Rchulze discussed the conductivity of phos- 
phorus ; and K. F. Hf^tzfeld discussed the relation between the refractive index 
and the coinluctivity. K. Przibram examined the conductivity of the fumes fnun 
phosphorus. F. W. Bridgman found the thermoeledzic toioe of black phosphorus 
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and coppei from 0^ to 2r is 0-00041 3 volt per deRTce, a positive corrent flowing from 
the copper to the phosphorus at the hot junctiou. A. Matthiesscn found the 
thermoelectric power of red phosphorus and lead to he 20-9 microvolts. A. Avo- 
gadro studied the position of phosphorus in the dedrochemical series ; it probably 
romos between fluorine and carbon. F. W. Bergstrom found the electrochemical 
arrios in liquid ammonia : Pb, Bi, Sn, Sb, As, P, Te, Sc, S, T. M. le Blanc and 
J). Reich enstein measured the electrode potential of phosphnnis iu soln. of potassium 
hytboxide, and sulphuric acid. R. Schenck found ilic potential difference of tho 
h} drogen-phosphorus couple to be 0*168 volt at so tliat the phospliorus 
rdpctrode is negative to that of hydrogen. W. Beets studied the gas cpll with 
phopi>hoius vapour, and platinum with occluded hydrogen; 0. S. UufTcndack 
iiTid H. Huthsteiiicr, the low voltage are in phosphorus vapour. W. Busse 
measured the distribution of the sizes of the ions in phosphorus vapour and 
fr)iiml that there is a continuous gradation from the largest to the smallest. 

According to M. Faraday,^* phosphorus is diamagnetic ; and the subject was 
pXiimined by J, Pliicker, F. C. 0. von Fcilitzsch, J. Tyndall, F. Zantedeschi, and 
E. BccqiicreL G, Quincke gave for the magnetic snsoeptibility of yellow phosphoruRi 
at the m.p., —1*6 X 10"® voL units ; P. Curie, “0*92 x 10"® mass units at rj°-71° ; 
r. Pascal, —0*884x10"® mass units; and K. Honda, —0*88x10"® moss units at 
h . For red phosphorus, S. Meyer gave —0*23x10"® mass units at 18°; and 
IM'urie, 0*73 XR)"® mass units at 20'- 275®. P. IVcal gave — 274xl0“7 for the 
at. magnetization of yellow phosphorus. K. Honda studied the thermomagnetic 
]iro]icrliea of yellow ])hospliorua. P. Pascal compared the magnetic susceptibilities 
ftf tlip elements of the family group, and found the logarithm of the susceptibility 
tn u linear function of the at. wt. II. Scldundt gave for tlie dielectric Constant 
of solid yellow phosphorus, 4*1 at 20°, and for liquid phosphorus, 3’85 at 45°. 
U. L. Aildcnbrooke studied the relation between the dielectric constant and the 
plnsii al properties ; and J. H, Jones, the relation between the dielectric constant 
and (he electronic structure. B. II. Wilsdun studied the subjpL't. 
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f 6. The Oddation ol Phosphonu 

M. van Marum,^ A. van Bemmelc^n, and B. Meijlink showed that the oxidation 
of pho'^phorus is acccli'iatcd if the air is rarefied, and when the phosphorus is at 
tlip i,.iuic lime covered with cotton, or powdered resin or sulphur, the phosphorus 
iLnutfs at the ordinary temp. A, D. Bachu said that the phosphorus can be ignited 
rven without th0.se powders, but that the powders— charcoal, boric acid, potassium 
or lianum hydroxide, lime, calcium carbonate, magnesia, ammonium, sodium or 
(mIi'hiiu chloride, nitre, fluorspar, silica, arsenic, antimony, manganese, etc. — do 
fauJitalc the inflammation. Animal charcoal and lampblack are specially 
(.ivoiiTable, so that phosphorus .s]irinkled with charcoal ignites at 15 * 5 ^* in the open 
•or. AVhen yellow phosphorus burns in a limited supply of air, there may be 
proi 1 iic(>(l a suboxide, corresponding with that described by U. J. J. Leverrier, 
•i'l well as phosphorus trioxide, phosphorus tetroxide, phosphorus pentoxide, along 
With some red phosphorus. K. Cowper and V. B. Lewes showed that the product 
niay contain some unchanged yellow phosphorus. When the products of eombus- 
t ion are treated with water, phosphoric, phosphorous, and hypophosphorous acids os 
w 1 11 as phosphine may be formed as indicate more particularly in connection with 
lliesc compounds. U, J. J. Levenier showed that if water be gradually added to 
Ihe products of combustion, there is formed a golden-yellow liquid which coagulates 
; and if water in excess be added, a colourless soln. and a red precipitate 
arc formed. B. Beinitzer considers that the reaction can be in part represented 
l>v OP2U8=3P205-|-F4, The golden-yellow soln. contains a colloidal substance 
niP203.9iIl20, which is not phosphorus anhydride, because the aq. soln. is neutral. 
rh0 red precipitate is con.8idercd to be a solid hydride (p4H2),M ^th more 01 less 
hydrogen replaced by oxygen, T. E. Thorpe and A. E. H. Tuttun could not oonfirm 
these observations. 

When yellow phosphorus burns In an excess of oxygen, the main product is 
phosphorus pentoxide— possibly mixed with a little red phosphorus. When a 
considerable quantity of air is passed over phosphorus, the slow combustion which 



772 


INORGANIC AND THEORETICAL CHEMISTRY 


first oceoiB picdnces a BUght elevation of temp, whioh giadually accelerates the 
reaction, until finally the phosphorus hursts into flame. Anything which hmdeis 
the dissipalioii of the heat generated during the oxidation, or hastens the rate of 
oxidation, favours the ignition of the ])hos}jhoruB at a low temp. Thus, L. Hiincfcld 
found that if the phosphorus be wrajiped m blotting paper, or even if a freshly cut 
surface be in contact with blotting paper, the phosphorus may fuse at the comem, 
or edges, and ignite at 20^'. The discoverers of phosphorus must have noticed the 
white clouds which arc formed when that substance is burned in air; and tlic 
product was mentioned by S. A. Frobenius, A. 6. Hauckewitz, etc. Again, finely 
divided phosphorus may ignite in air after it is dried. According In 
IV. A. Lampadiu^, filter-paper, or, as recommended by 0. Ohinunn, asbestos-papor, 
soaked with a solu. of phosphorus in carbon disulphide, ignites as the solveut 
evaporates and loaves thu phosphorus in a (inc state of subdivision on the paper 
vide infta, action of enrbon disulphide on phosphorus. 

I'lio old phosphorus boxes contained preparations whirh absorbed moisture from the 
nir ^itli the evulutiuii of luai. The lEisuUing iiho of temp, favoured eonibustion. For 
exaroide, the mixtuie of yellow and red phosphorus, and phosphoric and phosphorous 
OMdes and acidft, obtained by b]n\iing a jet of air into a floak with some warmed pbobphorij>) 
mav igiiito wlipii Lxpost'd to moist air. *Jliu phoifiphorir oxidos keep tint phnephunm in 
a fine statu of Riibdii ision J. I'cliiuzp obtained a luuimous mixture by melting phohplioi lu 
with phosphoric oxide, or calcined iimgnebia. or Innu M Siiltzor melted plio^'pJioruH with 
about one ihinl its weight of wax ; sent a jot of air into the flask until lliu phubplioiu^ 
iTilJamed and then cloxei tlic flask K Benrdix fused a mixture of pi>w rleri d i oi k, Ik ch w.i\ 
phosphorua, nncl mijilitlia. Tiic leasa liied £>pontajinoii«ilv at 20°’, or at a lower temp it 
breathed upon 

J. Davy also showed that the inflammation of yellow phosphorus is fdV(mr*Ml 
by the tarefaclion of air, and retarded by comprcbsinn. Thus jilio-^phoius licaleil 
until it takes iiie in a closed vessel, is soon oxtinguibliod Ly the press. produc^>l 
by the heat. The flame reappear^ on opening the VKssel. The mflummatu li 
temperature is so low that the heat of tlie body suffices to raise the temperatiue 
of the phosjdiorus above its kindling tein])era1uiC| and hence phosphorus shuiiM 
alwM}'s be handled” with the forceps, never with the bare fiiigert> unless umJii 
watei. Burns produced by phosphorus are very painful, and heui very slow !\. 
F. li. Eydmann nicnsuiei] the ignitUm temperature of phosphorus suhmeigrMl in 
water whose temp, was gra dually raised while a current of air or o.\) gen v .is bubbleil 
through the fused mass. The ignition was a.^^uiiied to occur when the leinp. of tin 
water incrccised very rapidly. This was found to be 10*0''- 4rr2' in air, oxygen, < i 
air diluted with an equal vol. of carbon dioxide. The igiiilion temp, is thus ind* 
pendent of tlie cone, of the oxygen. According to F. Moliiar, the ignition temp 
of ordinary phosphorus in air containing ozone is 4*' higher than in purified .m 
it is higher m dry air than in moist air, and this tlie more the grCtiter the huiuidit) 
of the air. Thus, phosphorus inflamed at 3ii“ in air sat. with water vapour at 3U-J , 
and at 17'’ m uir sat. with water vapour at SS-r. It iiiflaiued at 47' in air s.it. 
witli ale oliol ; at 82“ in air sat. with ether , at 87' in air sat. with carbon disulphidi 
and at lb*' in air sat, with turpentine vapour. Phosphorus at rest can be IumIoI 
ill air to without ignition, but with a slight agitation, it ignites at 4'i . 
II. Rebenstoill said that phosphorus igiiitc.s in 20 seconds if in contact vtith a < 1( an 
strip of amalgamated aluminium. Numerous lecture experiments have been 
devised for demonstrating different phascB of the combustion of phosphorus. 

W. Hittorf 2 said that red phosphorus does not ignite in air at 25. i"*; 

A. Bchrotter gave 260"' for the ignition temp, in air, and II . B. Baker and 11. B. Dixou 
gave 260“ for the ignition temp, in moist oxygen. J. Personno observed that red 
phosphorus Ls slowly oxidized and acidified by exposure to air, andL. Gueni showeii 
that phosphorous and metaphosphoric acids arc produced — videipf}a, C.F.Bcliun- 
bein said that unlike ordinary phosphorus, red phosphorus does not ozonize 
and it does not vaporize at ordinary temp. Hence, red pliosphorus is not liijUH 
Descent in air, T, fi. Groves said that moist red phosphorus may slowly oxuii/<' 
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in aii| and produce ozone without being lummouB. TI. B. Baker and co-woikeis 
{thowod that neither yellow nor red phoaphorns readily ignites in thoroughly dried 
oxygon. 

In the seventeenth centuryi Robert Boyle was much impressed by the fact that 
,1 body like phoq>hoTUB was able “ to shine in the dark without having been belore 
illumined by any lucid suhstancei and without being hot as to sense ’’ ; and by the 
remarkably small amount of phosphorus reijuired to produce a luminous efiect, 
II 0 said: 

A grain of the noctiluoa dissolved in alcohol of wine and sliakon in water rendered 
|(H)»OOU timea its weight luniinous tluougliuut ; at another trial 1 found that it impreg- 
uiiltd 600,000 times its weight ; which was more than one part of cochineal could f-om' 
iriiuicate its colour to. And one thing further observable was that when it hod been a 
lijiig tune exposed to the air, it emitted strong and odorous oxhalationa distinct from tho 
visible fumes. 

Tho strong and odorous exhalation described by R. Boyle is now called ozone. 
M. van Marumj J. B. de Mons, and J. Davy showed that when phosphorus is exposed 
to air at ordinary press, and a temp, above 7°, the slow oxidation is attended by a 
vorv hligtit rise of temp., and a pale greenish light visible only in darkness is emitted : 
at tho aan\e time white fumes with an unpleasant garhe-liko odour are emitted. 
In IGHl, F. Slare gave an account of one of the most paradoxical phenomeno 
connected with the luminosity of phosphorus, for he showed that the glow is increased 
by rarefying the air. He said : 

Jt being now gonomlly agreed that thn fire and flame of phoephonis have their pabulum 
oiTl u[ the air, 1 was willing to try this matter in vacuo. To effect tins I placed a considor- 
nlilo lump of phoH[ihonis under a gloss, which I fixed to an engine for exhausting the 
uu ; then presently working the ongmo, I found it to grow lighter (ie. the phosphorus 
to hooume moro luminous), though a charcoal that was well Idiidled would bo quite 
oxtinguished at tho first exhaustion ; and upon tho tliird or fourtli draught, which very 
M ell exhausted the gloss, it much increased in hght, and continued to sluno with its increased 
light for a long time ; on re-admitting the air, it returns again to its former dulnesa. 

The ohscTVaiioiv wa.s confirmed by F. Ilauksbee, and G. Homberg ; while J. Davy, 
working along the same line, said that in rarefied air, the luniino*«ity increases with 
the degree of rarefaction, and that the light does not diminish in brightness under 
the reiluced press, attained b} the air-pump; if air be then suddenly emitted, 
Ihe light du^appear.«i. rho.q])horu8 does not glow in vacuo, nor in air at 4 atms. 
press, 0. G. von Tielwig also found that in compressed air, phosphorus does not 
luminesce until the temp, is raised. Some discrepant results have been reported 
owing to the neglect of rertaiii iiiipunlies in the gases employed. J, F. A, Gottling 
Htntr^d that phosphorus docs not glow in oxygen prepared from mercuric oxide, 
but it becomes luminous in nitrogen ; J. B. de Mods, liowever, showed that the 
luminescence of phosphorus in nitrogen is duo to the presence of traces of oxygen. 
J. Davy showed that phosplioms can be volatilized in oxygen at a temp, at which 
it docs nut luminesce, and luminosity occurs when nitrogen or hydrogen is intro- 
duced into the gas. J. Davy, and C. L. Berihollet found that if oxygen be excluded, 
phosphorus does not glow in inert gases — carbon diorJde, nitrogen, hydrogen, 
carbon monoxide, hydrogen chloride, etc. According to J. Davy, phosphorus 
does not glow in pure oxygon at temp, below 16® ; if tho press, be increased to 
1'5 atms., tho glow does not appear until the phosphorus has been heated to its 
m.p., and then it takes fire ; phosphorescence occurs at ordinary temp, if the ga's 
he slightly rarefied, or its partial press, bo reduced by dilution with an inert gas. 
Hence, at a given temp., a certain critical pressure of the oitygen is needed to start 
phosphorescence. This press, is called by M, Centnerszwer tho iMchtdruci or 
iffmnescence pressure. According to J. 8. C. Schweigger, the more oxygen is rarefied, 
nbher by diminishing the press., or by admixture with an inert gas, the lower tho 
at which the luminescence of phosphorus occurs. Consequently, at a given 
press, a certain critical temperature— V. Duhem’s le ^nt de riaction—ia needed 
lor the luminesoenoe of phosphorus. F. Duhem oonsiders the phenomenon to be 



774 


INORGANIC AND THEORETICAL CHEMISTRY 


a case of le fam equilibre^ where the limitiBg or critical temp, at different pre&a , 
obtained by J. Joubert, were : 

14* 8 0" BO" 8 0" 115" 14 2" 10 2" 

|i . . 356 387 428 619 680 660 760 mm. 

When plotted, the curve. Fig 9, divides the plane into two regions, the region abo\p 

the curve lepresents systems where phosphorus is 
undergoing oxidation , and the region below a hero 
no oxidation is taking place, and he therefore calls 
it /e rrgu»n de^ fata, fqutlibrcs J Chariton and 
Z Walta also said that the oxidation is inappreu 
able below a defanite critical pres^ , but M. He d» n- 
stcin objected that the roni lusion is a result of fault} 
measurements 

C Hams tliougbl tliat |j1io>4plinniEi actually otiiiMmI 
rharged piuiirlcH of an r trinn.it irm nhiili M'r\<d u> 
rondonsalinn luiclci for v liter \uiMmi 'I Ik He ntns pji 
Pressure sumabh ebnreed ions U i* .TniH^ni, H 13 Xiinstnm^ 

Fjg. 9 — j. Jouliertp Obser O Kieilig and \\ remsol montiLiii Hint iin tiiifirm 

\b1i07ih on the Oxidation **0*^ nxidi/irig pljOM])boiiih h iiblt tn ]Jiiulratii 

of rhosphnrufl opaque tiubstancca and aiTeri a pbotrigrapbu pinto, hit 

M Ontners/wir and \ rotnkaln fouiirl that the plnln 
graphu elfKl is not prcnluced if tiie piodurts dI nxidahon aio rrmnxnl ns fast iih tl < \ no 
tiimud. and they attribute it to a volatile oxidation prodiid prrlmps h\dTiig(ii dn si li 
J Klster and H Gtitel found that suhatoier lie tbe cainnHtKin it is not abit to pindino 
an eleotmal eftoi t on the ntber side oi a quart? plate A lUniii ohtoivt d llmt Hi: i \i 1 
tion of pbosplionis in air is anompanied bv an iimi/ing radi itiiiii of Ion p« notniti\r pn^ 1 1 
\\ F JonsM»nand\> E Kinper did not oliRf r\ p am iiu n'lise in tlip IninmoMtv h\ cxpfiMiiL 
tho ox>g(n to radium radiations, tbcnigh the light fioin un eluctni hk adolerntid th 
prorc^ 

At the end of the siventreiith centurj, R Bo>le noticed that phuspliorus is 
luminous onh in the presence of air , and in 179"), \V A Lampadius showed tli it 
phosphorus does unt luniinescc in dr} air L J. Tluuard founil that the slow 
oxidation of phosphorus ceases in the (uure of iiu hour whtn the an or owgui i 
dry L (imelin said that phns])horus dot s not fume in an dried over sulpliuiK ai id, 
though it Rtdl luminesces feebly in the dark J I)a\} found phos{ihoriis buniv 
AS rapidl} in air dried b} sulphuric acid, as li does in ordinary air J J Bei/iliU" 
and E Marrhand inferred that the luminosity of ])hos])hoius at low tun]) is not 
altogethiT tlic result of oiuLition, l)ut is ]iartly due to vaprin/atioii ninl a inol 
“hangc this hvpothesis, howevir, doe** not explain the let.udiiig infliu in i of tho i 
chemicdly inactive gases which prevent the oxidation, but not tlie vapoiization 
of the phosphorus The ideas of the eaily worktrs on Ihe dr}ing of gasis .in 
differpijji: fiom those which prevail to day H B Baker and lo worker*- showeil 
that if ino]*itiire be rigoroiisl} exi hided jihospliorus does not oxidi/e in •or or in 
oxvgen, and no himiiicsceiK e oceurs The experiments of E, Kihiiifl, K Mitscliu 
lich, J Joubrrt, A. Kdirotter, G Meissner, W Muller Erzbarh, and E J Russill 
are also decisive in showing that the glow is the conconutant of a chemical jirocess 
dependent on the presence of oxygen— no oxidation, no glow H, P Waraii 
observed periodic flashes on admitting small bubbles of oxygen into a vessel con 
tdinmg phosphorus deposited on the walls by vaporization. R Q Adams (all ulaled 
that the ratio of the production of light to the energy input in the rase of phosphorus 
vapour m nitrogen m contact with air is slightly above one lumen per kilowatt 
at 25° or at 40^ 

B Boyle observed that the presence of a minute quantity of a number of 
essential oils— e// oil of mace or of aniseed— extinguisherl the glow of phosphoriifi 
J Davy, H. A von Vogel, and T, Graham showed that the lumiiirsreuce is not 
prevented when the vajiour of sulphur, or of acetic acid, hydrogen chloride, or 
amnioma is present; phosphorus is luminous m hydrogen chloride or carbon 
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dioxide when but a trace of oxygen is present. The luminosity is diminished or 
stopped by a small proportion of phosphine, hydrogen sulphide, sulphur doxide, 
carbon disulphide, iodine, chlorine, nitrous oxide, nitric oxide, methane, ethylene, 
other, alcohol, naphtha, turpentine, camphor, creosote, and other volatile oils. 
Thus, T. Oraham found that phosphorus is not luminous in air at which contains 
I) (H)l vol. of phosphine (not spontaneously inflammable in air) ; and H. A. von 
Vngel said that 0*ft3 vol. of sulphur dioxide will stop the luminosity of phnsphorus 
111 air at 10*^ but not at 18° ; less than 0*001 vol. of turpentine vapour will also 
extinguish the glow. The effect of numerous other volatile organic substances 
examined by M. H. Ueschamps, J. Ohappius, M. rentnerszwer, K. R. K. Iyer, 
,niii E. Kcharff. 


It is very curious to find that phosphorus will not glow in oxygen at ordinary 
.'itm. press, and temp., but if the oxygen be larefied, the glow at once begins, and 
fiMses immediately the oxygen is pompressed. If the luraiuosity were simply 
,111 fixidization prore^s, the converse might have been predicted. According to 
M. CenlnerBzwer, and E. J. llussell, lunimosity or oxidation commenees in moist 
uwgen when the gas has a partial press, of nun., and witli ilry oxygen, 

,ipr iirrliiig to T. Ewan, luminosity coinmences at 20^ when the partial press, of this 
iMs IS 2lK) inm. hi. .1. Russell found s siiiall amount of moisiure is necessary 
fdi tbe oxidation of plios]ihnrua by oxygen gas, and that tbe amount renianiing m 
A after treatment iivilh cone, sulphuric acid is most suiled for rapid oxidation. 

llusHC added that while the oxidation of jihosphunis is erectly mil uenced by 
Iht* jireseiice of water vapour, and readies a maximiiui wlnu the moisture 
i'»iiteiit js so regulated by cone, sulphuric acid that about to lO^'* inols of 
wjler are jireseut per c,r. Extreme drying, however, does rctaid the oxidation 
»d plnis])horus, but does iint completely inhibit the process, so t lull whilst water 
1 ^ ,i catalyst for tlie oxidation, it i« not essential. Dry }diosphoru£> in the dark 
ber^onirs mated w'lth a film of oxide, so that a store of oxide accumulates. This 
miilergijcs a suddeii oxidation to tlio jiontoxide, aecomianied by luminescence, 
when loeul changes of temp, oceiu*. .4ceordjng to K. J. Russell, the oxidation 
omiiH in tw'o stages: Fust, a slow^ oxidaiioii arTonipaiiiefl }»> a feeble glow, 
followed by a continuously accelerated process of oxidation wlien the gh w is very 
blight. riiosphnru.s pentoxide .seems to be foniii'd in the second stage, and an 
Miiiei ognized oxide in the first stage ; It. Seheiirk and co-w orkeis, L. and E. Bloch, 
K dungfli'isch, E. Scliarff, H. B. Wei.scr and A. liaTn‘«on, E. (iilchnst, (\ C\ Miller, 
and N. Blondlot assume this oxide In be phosphorus tiioxide. ConHHpiiuitly, the 
liisi stage involves the oxidation of jdiosphorus to the trioMde w’lthout gh»w'; aud 


the seeond stage, the o-xidation of the tnoxide (r/ r ) to the jieiitoxido with glow. 
When nnieh moisture is present, the jirocos.^ of oxidation apjiears to be retarded, 
po^sll)ly owing to the formation of a protective film of moisture on the phosphorus. 
With moderately dried oxygen, too, measurements of ihe speed of oxidation are 
‘ ompliratcd by the formation of n film of o.\i(b* on 
the surface of the oxidizing pho.sphorus. With mokst 

oxygen, the couuectioii between the rate of oxidal inn 

and the press, of the gas is ilhistratcd by the curve, V S 

Fig. 10, w'hcio the speed of the reartion, zero at 7IK) T 

nini., iiuTPdses rapidly as the press, falls, and Uicu A — 

varies within narrow limits over press, ranging from ^ ^ll I M 11 1 J 
nbout .^)()n mm, to about 100 mm., and finally deereases ^ 
mpidly to zero, in vacuo. J. Chariton and Z. Walta lo.— tIio EfToct uf 

found that there is a relation between the vap. press. prf'asure ou tho Oxidation 
of the ])hospliorus and ihe critical press, of the oxygen of I'liosphurua, 
below which no oxidation occurs. The critical press, is 

lowered if argon be present. If the press, of the oxygen be below a critical pressure^ 
no rapid reaction occurs. The value of the crifcienl pwss. is greater the greater the 
prcQB, of the phosphorus vap. Above the critical press., the reaction is extremely 
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rapid. If oxygon is admitted until Its critical press, is nearly readied, and then 
argon is allowed to enter, tlio luiniuesconce appears ; the cSeet is as though the 
press, of the phosphorus had diminished, but the intensity of the light is less. 
With argon almost at atm. press., the glow made its appearance immediately 
oxygen was allowod to enter, but its intensity was very feeble. As shown by 
C. V. jsSchonbein, 11. McLeod, C. T. Kingzett, J. Chappius, A. R. Leeds, etc., ozone 
and hydrogelb dioxide are formed when the moisture is present in excess ; these 
Hubstunces are not direct products of the reartiou between phosphorus and oxygon, 
in addition, ammonium nitrate and nitrite, according to C. F. Schonbein, and 
E. J. Russell, are forineil when the oxidation of tlie pliosphorus is effected. 

The work of W. Schmid, J . Come, Lord Rayleigh, W. MuUer-Erzbach, E. Bchaiff, 
J. Joubert, etc., makes it very probable that the liimiuosity is produced by the 
oxidation of the vnpour of phosphorus. E. Jungfleholi said that the amount of 
phosphorus volatilized at ordinary temp, is too small to explain the luminosity, 
and he thinks it is due to the oxidation of a very volatile oxide of phosphorus. 
Lord Rayleigh showed that phosphorus may be slowly oxidized under conditions 
where there is no perceptible glow ; the rate of oxidation was found to incicase 
perceptibly with the vol. of the surrounding oxygen ; and that Ihc oxidation occurs 
in the gas as a rcaLtiou between oxygen and jdiosphoTus. Vhosphorus is slighth 
volatile at ordinary tioni])., and the mcreosed vululilization which occurs \^}ien the 
])TBSS. of the gas is dinunislied appears to account for the increased luminescence 
m a rarefied alin. Ilydrogen, carbon dioxide, and nitrogen containing a triirc ul 
oxygen become luminous in contact with phosphorus ovring to the diffusion of the 
vapour of phosphorus in these gases. According to J. Chappiiis, ozone passed 
into oxygen in contact with phL)^pho^us, at a tt'mp. and press, at which nr' 
luminescence occurs, iuiincdiately produces a glow wliieh continues so long as ozone 
is present. As J. Chappius showed, ncitiier ozone nor the glowing is ]»roduced in 
oxygen at ordinary temp, and press., but on warming, both ozone and luminosity 
are produced, llrmcis T. E. Thorpe said thal when phosphorus is placed in oxygen, 
or in an atmosphere containing oxygen, under such conditions that it volatilizes 
the phoiiihonis oxiilize.s, partly into pliosphnrie oxiileuiid partly into phosphorou- 
oxide (7.r.). Ozonn is formed, poswbly by the rciirlion already indicated, and tin 
reacTB upon the residual phcnjihorus vapour and the phosphorous oxide, with the 
production of the luminous effect to which the elemeut ow^es its name. The glow 
itself is nothing but a slowly burning flame, having an extremely low temperature, 
caused by the iheiniuil union of oxygen with the vapours of jihosphorus and 
phosphorous oxide, lly Midablo means this glow ran be grudually augmeiitcil 
until it passes by legnl.ir gradation into the active vigorous Lumbuslion which wi* 
oidinarily associutcwith flame. H. Jbitz and A. (jmss concluded that phosphorus 
tiioxide is the primarv produi 1 in the oxidation of phosphorus, and that the pent- 
oxide ib forniprJ in a subsequent reaction. L. Marino and C. IVirlezza suid that three 
different stages are reached in the oxidation of phosphoius according to conditions 
employed; (i) formation of ^hen phosjdiorus vapour barns completely in 
excess of oxygen ; (ii) formation of PnOs and P4O when phosphorus is burnt in a 
current of air ; (lii) formation of a lower oxide, probably 1 4O, when phosphorus is 
oxidized with highly diluted oxygen. Acrordiiig to J. Chariton and Z. AValta 
when phohpliorus is oxidized by oxygen at a iJp'riri. in the vieiuity of 10 mm,, the 
reacting mol. is J*2; when this is oxhlizi'd, luon* mols. are formed from P4 with 
absor])iion of heat; this, logethiT with the fact that some of the heat of oxidation 
is lost as radjafitui, prevents the rajml action. The higher the juess. of the 
])hosphorus vap. tlie greater is the pTojiuiiion of 1 4 mols, and the higher is the 
critical press, of the oxygen. The argon diminishf^s the loss by radiation, receiving 
encr^ by collision, which is tlien communieated to the phosphorus by further 
collisions and the critical press, is reduced. Tlie subject was discussed by 
M. Rodenstein. 

The glow of phosphorous oxide presents similaz features to the glow oi 
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phosphorus itself. Consequently, as just indicated, it has been infened that the 
/flow of i)hosphoius is due to the phosphorous oxide formed in a preliminary non* 
luminous oxidation. A. Pctrikaln found that the ultra-violet bands in the spectrum 
uf glowing phosphorus have maxima at 3^70, 2000, 2r)30, 2400, and 2390 A., in 
nevreoment with the liands in the arc-spectrum of phosphorus pentoxide. The 
qpectral observations of 11. J. Emcleus and co-workers show that the light from 
burning phosphorus, that fiom glowing phosphorus, that from glowing phosphorous 
ovido, and that from spontaneously inflammable phosphine burning in oxygen 
give tlic same spectrum— vteife supra, phosphorus. H. J. Emoleus added : 

'I'lii' fart timt the light from glowing phonphorus and that from phosphorus triozide 
liiiili give the same spnitrum Bupi)orts ilie analogy botwoen thoso two oxidations, already 
MiJI nstablihlied in otlirr resjxv'lh Those observations, however, eannot bo taken as 
proof of tho identity of tlin rhumieal processes. They indicaio rather that thoro is some 
j.iilinting system involved in them all, ^^llirh gives rioe to n definite l>and spectrum. Such 
.i have a eonneclirm with the rheinioul anomalies common to the low 

linnpcrature oxidation of thoso phosphorus compounds. 

\V. E. Downey sliowetl tliat the action of the light, through windows of quartz 
Df jliirnito, on glowing phosphorus, formed ozone. Similarly, it was found that 
ilir fiiMuatioii of ozono by glowing phosphorus is proportional to the intensity ot 
tliO glow, although a fre**)! phosphorus suTfare did not show this until it had become 
.Tiliiiintizod. Tin* glow of phosphorus trioxide was similar Lnt of less intensity. 
\ Ij. Hughes showed that the spectrum of the glow extenilfl within the region 
A IlMin-lRCK) A. The plow i-^ cajiable of ionizing air. These facta, said 
W . K. Downey, support tbo idea that the ozone m fonnrd by the glow of phosjihorutt. 
W. Ullage could not n jteat the exp<*rimcnt, and he doubted if rays between 
A 120 A. and 3‘K) A. are generated at all. W. Busse, and A. Petrikaln also 
slii)i\efl that tlie production of o/iinc is nut a photochemical effect of the glow. 

F. Schfiiibein assumed that the ozone formed duringthc reaction is a necessary 
i’ltilvst, and that ii is destroyed by those agents which inhibit the glow. 
II .1 Minelei’s shuweil tliat were this mi, the relative effect of different retarders 
wtiulil be ibai of their reactivity tovunls ozone. In some cases this is not so — 
f 7 tK et one is less i vi\ ilily attacked by ozone than is lienzcne, and yet it it> a stronger 
iTiliibitoi of the glow. M. rentner.szwer showed that it is not likely to be due to the 
1 uiuiitum (jf a ])rfjl(ntive film on the phnspliorus because phosphorus exerts its 
ii'jriji.il V(\p prcbs. in the jiresence of inhibitors. It is generally supposed that the 
^low is II ])io('ess analogous to the passage of flame through a combustible mixture, 
fnifl that poisons prevent this occurring. Tiiu.s, Lord llaylcigh found this to be 
tiio case wilh the inhibition produced by uii ckcess of oxygen ; and L. and K. Bloch 
im-asiircJ the blast ol gas nocesfiury to blow the glow from a given phosphorus 
surface in various oxygeii-nitrugen mixtures, and found that it becomes less as the 
peipontnge of oxj'gen was increuhed. AsbUining that tho blast required to maintain 
tlif' glow in a stationary position downstream is a measure of tho virtual rate of 
pTiipagdlion upstream, it follows that successive increases in the i)X 3 ’gcn rone, 
‘lecrpasn the rate of propagation. H, J. EmcleuB studieil the inhibitory effect of 
binzene, cliloroform, aniline, and ethylene on the glow. A decrease of press, or 
Hii ineriiiise of temp, favours tlic plow, while the presence of air increases both the 
press, and reactivity of the pho'^plmrus. lie found that the inhiliition with 
‘'tliyliMie can occur at 90”, v^hich is uiiieh above the normal ignition temp, of 
[iliDMjihorus. Moreover, the glow temperature ' does not depend on whether air 
or oxygen is used as a diluent for etli\leno. When the glow is prevented, the 
nMPtjoii conliiiues; this is shown by the .slow uun-lnminous oxidation which still 
occurs at IH\ At some stage, depending on the eonc. ot tho ethylene, some kind of 
on])^diment is overcome, and a wave of luminosity passes through tho mixture, 
the subsequent oxidation being accelerated by the formation of ozone. Again, 

slowly decreasing the press, of a mixture of ethylene and oxygen, the partial 
press, of the phosphorus will remain constant in the presence of the solid. In effect, 
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therefore, the proportion of combuatible Tapour in the mixtore ie being increased, 
which in itself would be oxp^tod to faToui flame-propagation. Analogous caseH 
of the retardation of combustion have been reported by A. G. White, H. B. Dixon, 
M. Delepine, etc. The experiments of H. J. Eineleiis showed that the addition to 
air of typical inhibitors renders it easier to blow the glow from a phosphorus surface, 
and that increase in temp, diminishes this action. An analogy is thus Bstablisheil 
between the action of an excess of oxygen and that of the stronger inhibiting 
agents in that both prevent the propagation of the glow in the gas. A tentathe 
explanation of the mechanism was put forward by Lord Rayleigh, who suggesteil 
that in the propagation of tlie glow products of the reaction in one layer acted 
as catalysts in the next. These catalytic particles are supposed to be rendered 
inactive by the adsorption of the moh. of theinliibiting gas, when the reaction 
stops. A similar view has been adopted by II. B. Dixon to explain the inhibition 
of the phosphorescent flame of carbon disulphide. 

The format ion of ozone takes place in such a way that the amount of ozone 
formed is proportional t o the amount of ])hosphorus oxiiiireil, and also that the fitojii ic 
ratio of the number of atoms of pliosphoius oxidized to the number of moleciiln^ 
of ozone formed is 2 : 1. C. Mutteucci showed that air in the virimty of oxulizint; 
phosphorus becomes charged electrically. Both positively and negatively ckarguil 
electroscopes in the vicinity of oxidizing pho«<p1iorus are discharged showing that 
both negative and positive ions are produced in air ; 0" | 0 ^ . Tims 

A. C. Christ oirinnoa found that a piece of paper moistened with an cihcreul snln. 
of phosphorus will discharge a po.sitively or a negatively charged clectrosi opi* 
The subject was studied by J. A. Mcdellanil and P. J. Nolan, etc. N. R. Dh.ir 
said that phosjihorcscenrc, like lluurescciice, is due to nirdccules which have bt^i 'i 
activated by ions formed in the oxidation of the jihosphorus. Tctuninig to tin 
normal state. 


The plipnomonoii ib ilUHtrated by the following e\|r)erimont ; A largo test iiiho I, 
Fig. 1 J, and a two-ucckcd botllo, R, am fitted ah iiidi(a1od in tlic diAgrimi ; thu two-iit*i Kc i 

iHittle IS i'rnim*ctful with a inetnl i\linilu 



Fin. 11.— Experirannt Bhowmg the Ioniza- 
tion of Air dunng the Oxidation of I’hoe 
phoruB. 


(' fiilcxl iHitJin briuts rod allailif^ii 1o llio 
cliiirL^crl r]<H‘liDhcopt* I) The metal C 3 diudi i 
18 litlrnl uith a nildicr btoppf^r iind a inix' 
\< riding 1(1 nn Bi>piratoi 'J'lio nintal c> lunU r 
ibi put ill olct'fni al coniitHf 1011 with the eoiOi 
I'liU ohpU'ation of lui thiough the p\sl(in 
liob iLu Bpprciiahle cITof^t on the gold-kiii 
of the (diH I ros( ope ; but if a littlo phri'' 
phimib lie placed in the tul>o A, t lio oUm Iik id 
coiidurtuity of the air is Miinun bv tii< 
niiJVOiTK'nt of tho gold-leaf of Iho olcitn) 
scope. I'ho attachinoiit A can l>e iiiodilit d 
to find if tlio ambient iiir boenraos tdcMn 
eallv ( ondiicLirig during other uhcniical tun 

CObSOH 

Jt is not clear what actually tiiki 


place during oxidation of phosphonr 
A number of more or less plausilde hypotheses have been pruposerl. B. C. Hroilie. 
and C. F. »Schdnbcin suggested that during the process of oxidation, the oxygen 
is split up into two parts which take up electrical charges of opposite sign- As 
R. Clausius expressed it, “ phosphoiiis resolves the oxygon molecule into two atoms 
of opposite electrical states, one of which combines with tho phosphorus and tlie 
other is removed from the sphere of the leaftion.’* The subject was discussed bi 
H. L. F. von Helmholtz, R. von Helmholtz and F. llichaiz, J. J. Thomson, iT. El^^tcr 
and H. Geitel, W. Giese, A. Qockel, A, Schuster, E. Bloch, F. Haims, H. Lowy, idc 
The general idea is that the conductivity of the ambient air when pliosphoru'* 
oxidizing is really due to the ionization of the oxygen molecules ; 0. 0. Schmidt i 
however, thinks that the conductivity is due to “ the convection of electricity 
by cloud-foimiug, conducting oxidation-products ” ; and F. Haims attributed the 
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ionization to a eecondary action due to tte ozone; he said thatj as indicated hj 
F. Richarz and R. Schenck, no ionization occurs during the combustion of 
phosphorus. On the other hand, Q. C. Schmidt said that burning phosphorus 
makes the air a good conductor, and that the conductivity rapidly decreases with 
the desiccation of the air. U. Schcnck and E. Brcuning attribute the ionization 
to a reaction product, a kind of phosphorus emanation, wliirh undergoes complete 
coiiilcnsation at —180'', but has an appreciable vapour pressure at —80°, 
W. llusse showed that phospLonis is luminous when it is undergoing slow oxidation 
with the coticomiiant formation of ozone and the appearance of positively and 
iiegalivcly rbarged ions in the siirrouiiding gas. F. Harms, and E. ifloch studied 
llie ninbililios of the ions, and W Bu'^se found that the ions are generated on the 
oxidizing phns])liorus. The two kimls of ions do not nt first show different 
mobilities. There is afterwards a continuous Increase in the size of ions, and the 
])ri'8encc of a conlimious range of sizes ran be demonstrated. Consequently, the 
} lirisplioms is not the only place at which ions originate; and the rate of growth 
nf llio large ions shows that ionization also oecurs in the stream of air aw'ay from 
tin- phosphorus. The high mobilities of the negative inns is ascribed to multiple 
I luiiges four to six times as great as those carried by tlie positive ions. Most of 
llie iin-sitiNe ions carry single eliarges, and in any case four charges is the maximum 
I.. rr.nl )jy a positive ion. On the assunipliuu that the po.sitivo iiin« carry single 
I liarg* ‘I, It can be shown tint in the ageing proci'ss the positive inns rliango in size 
fioin lip® cm. to from 2 ^ 10 ^ in iy 10”® em in 8 seermds. W. lhis.se found 
th.il thn ioniz.Ll ion-1 eiirves sliow iiiaxiin.i and minima and a notewoilhy 
''Hill p(m1: at temp, ludwei-n .‘5.V and 40'’, i.r., just below the Hashing temp, in 
ill} MT, ioiii/.inon oi’t iir only at liiglier temp. The position and iiugiiitude of the 
ii'iMnmni im* giiMlI) in»luenced by the tmip. of Ihc air stream, llie moisture 
]ir(hnit favours a rapid riM' to iiiaximum lunizatiou. The fact that moisture 
aj»lMMr. to he essential for the formation of ions, the fart that the mgntivcions 
t‘iKe 11 ]! niul1ipli‘ charges preferentially, liad to the view that the ionization occurs 
fi' .'i Fe.sult of the disbociutiun of an arid formed in the course of the oxidation of 


I'luis]»)ji>rns. Ihe charg'* mIihIi oeeurs, imtiully, on passing a stream of air over 
ilje jiho.^pliuriis is, apart fiom special exceptions, equal to the charge- at the stage 
iiinu'diiil^'ly preeeding the igjiition. (hi the other hand, the maximum in the 
luive corresjioiids with a charge several times as great as the initial charge. The 
•iMoiiiiit of dissoeiating acid present remains fairly constant, so that ionization hy 
s-hiiri's u^ll^l orcur. It is coneliuled (hat pyrophnsphoric arid must be the dis- 
'I'ei.iting .sulmlanee re.spoiisiblc fur inn-format ion. 

ii iSi henekaiid eu-workers found the ronduclivily of ozone is not increased by 


‘"maii ujih organic substances such ns tiiipentine, ainylene, eugenol, caoutchouc, 
'•'Ik, f ottoii-WDol, lini'ii, or wood, whilst that of air is not increased by contact 
hcrizaldehyde, formaldehyde, acetaldeliycle, methyl, ethyl, or am 3 d alcohol, 
H''tli}l or ethyl ether, plionylliydroxylamine, indigo uliite, pyrog^illnl, ortriethyl- 
I'hfisjihine, or by the slow oxidation of sulphur or of bromoiicetileiie, which 
loseiiibles phosphorus in that when slowly oxidized it shows the pheiiomenoii 
intermittent phosplioreseence and forms a polymeride, tribromobonzene. If 
the conditions are such that tins oxidation of phosphorus is hindered, the 
UTiease in the conductivity of air or oxygen is currcspomlingly slight. ITiua, 
1 le conductivity of pure oxygen in contact with phos])linrus under atm. press. 
J*' luiirh lc.ss than that of air under the same conditions. The conductivity of air 
''hirli has been passed through lurpentiuc, alcohol, iiicsityleue, ammonia, ethylene, 
ani^lcne is not increased by bnnging the air in contact with phosphorus, 
but, oil the other hand, the conductivity is diminished only slightly if the process 
1® reversed. Mixtures of oxygen with hydrogen or carbon dioxide give the 
Bame result as air. The conductivity of air or of ozonized oxygen, but not of 
I'ure oxygen, is increased by contact of the gases with red phosphorus. They 
kidded that the conductivity of air in contact with glowiug phosphorus is connected 
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with the presence of phosphorus tiiozidei and may be caused by the interaction 
of the trioxide and moisture to form phosphorous acid. E. Moyer and E. Miiller 
inquired whether the ionization of the air in contact with oxidizing phosphorus is 
due to the light emitted in the process or to the oxidation itself. In the prcseuco 
of substances such as chlorine, ether, and turpentine, which inhibit the glowing 
of phosphorus, there is no oxidation and no ionization. If phosphorus is allowcri 
to oxidize in thin- walled quartz vessels which are transparent to ultra-violet radia- 
tion, no ionization of the air can be detected. The spectrum shows that the 
radiation emitted by phosphorus undergoing oxidation is free from ultra-violet 
rays. The ozone produced in the oxidalion cannot be the cause of the enormnu<^ 
conductivity imparted to the air ; after removal of the ozone, the air retains it» 
conducting power. According to H. Schmidt, when a current of purified hydrogen, 
carbon dioxide, or nitrous oxide is passed through an emulsion of phosphorus in 
water or through a solution in benzaldehyde, the luminosity and cloud formation, 
which are observed in the early stages, gradually diminish in intensity, and disnpprar 
when the oxygen has been completely removed. When the inactive gases eharpul 
with phosphorus vapour are passed into the chamber of an electroscope, ionizntinn 
currents are obtained, which are very much largea* than the currents obtained whmi 
air similarly saturated with phosphorus vapour is passed into the chamber. On 
paering pure oxygen through the emulsion or solution, the luminosity and rlond 
formation disappear as the partial pressure of the oxygen ri^es in consequence of 
the removal of air. 

One form of the ionization hypothesis assumes that alom of oxygen alone tiilcr' 
part in the oxidation, and that some of the molecules of oxygeu are dissociated into 
two atoms, each atom acquiring at the same time an electric charge of opposite sign * 
02=0’^ + 0 ~. The phosphorus combines with the atoms with one kind of elcci nr 
charge ; and the atoms of oxygen with a charge of opposite sign form ozone. 
dissociation of the oxygon molecule is not a ennsequmee of the oxidation, but 
antecedent to it, as suggested by 0 . Loew, and TI. Fudakowsky. This view 
confirmed by T. Ewan, who showed that when the partial press, of the phosphoru*' 
is less than 1()0 nun. the rate of oxidation of the phosphorus is proportional to lli> 
square root of the partial press., aud not to the partial press, itself. J. H. van't llofi 
interpreted this to mean that the actual oxidation of the phosphorus is eflerted )iv 
the atoms of the dissociated oxygen molecules; in syiubuls: 2P-f-20Q-=p203-|-lb 
and 02+0=03. According to W. Ostwalrt, this hypothesis cannot be. right, becausn 
ozone has more available energy than oxygen from which it is derived, aud energy 
must therefore be added to oxygen to produce ozone, the assumption beiug that 
the chemical energy of one reaction is not available for another totaUy different 
reaction, so that the energy degraded during the oxidation of phosphorus cannot 
be used for producing ozone. A. Bach assumed that a peroxide is fust formed by 
the direct addition of oxygen to phosphorus, and this, on contact with water, fomi^^ 
an oxide of phosphorus and hydrogen dioxide. W, OstwalJ likewise assumed th.1l 
each atom of phosphorus is first oxidized by direct union with whole molecules of 
oxygen, forming a high or peroxide, say, P202n- This then decomposes, giving atom ic 
oxygen : P202„— P202,^_8+^- E- J- Bowen and E. G. PeDs showed that if 
phosphoric acid is the final product of the oxidation of phosphorus, and is produced 
by a series of consecutive reactions of which only one, involving only one mol of 
oxygen, emits light, thon, the ratio of the number of quanta of visible fight emitted 
to tlic number of molecules reacting in the glow of phosphorus vapour and oxygt'u 
shows that at least one in 2 (XX) molecules of phosphorus undergoing oxidatiotj 
emits a quantum of visible light. The glow of phosphorus is a kind of chcmi 
luminescence in which oxidation at the surface of solid particles of an oxide exciter 
to lumincscnncc the adsorbed muli'cules of some other oxide. This subject wa^ 
discussed by H. Eautsky. 

When phosphorus is oxidized in darkness in the presence of a solution of indig(’> 
the luminosity, which is a sign that phosphorus is undergoing oxidation, gradually 
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disappears ; if tHe contents of the vessel be now shakf'ti up, the luminosity reappears. 
TIqddb something which retards the further oxidation is formed, and ^is product 
IS destroyed by shaking up with indigo soln. The alternate appearance and 
disappearance of the luminosity may be produced again and again. At the same 
tjiue the blue colour of tlio indign soln. gradually disappears, showing that the 
|iriui!iry product of the oxidation of pbosphorus is absorbed by the indigo soln. 
Kroin this experiment, J . If. van’t Hoff thinks that the primary product of the action 
cannid be ozone, because J. Dliuppius has shown that the presence of ozone would 
arrulerate the oxidation. Something which retards the oxidation must be present. 
Merely shaking up the water, without the indigo, will not remove the primary 
])rrKluct of the oxidation. He suggested that this product is an excess of positively 
or negatively charged oxygen atoms. Whatever may be the product which pre- 
vents oxidation, it gradually disappears when the flask is left alone, and the 
lniuiiiosity* in consequence, reappears in a few iir>iirs ; again oxidation ceases, to 
lu'gin anew on standing a few hours. This explains the pmodic plmphomcem^ 
noticed by J. Joubert iu The subject w.is studied by Lord Haylcigh, and 

W. P. Jorissen. K. R. K, Iyer found that the periodic phenomenon occurs in 
Dip jiresPiioe of air when irnccs of inhibitors like naphthnlonc, carbon disulphide, 
turpentine, light petroleum, ctf*., are present, but not with water alone. 
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§ 7. The Chemical Properties of Phoqihorai 

Yellow phosphorus is commonly sold in the form of waxy, transparent Btipk| 
which are usually preserved under water, becauBe the element is bo readily o:pdizf*u 
and inflamed when exposed to air. Yellow phosphorus fumes in air, and it then 
appears to have a peculiar odour recalling that of garlic. As remarked hy 
C. F. Schonbeiii,^ phosphorus vapour has probably no smell; what is actually 
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perceived in the smell of a mixture of phonphorous oxide and ozone. T. E. Thorpe 
and A. E. H. Tutton also showed that the fumes of phosphorus consist largely of 
phosphorous oxide ; by drawing air over phosphorus without allowing it to ignite, 
and passing the fumes through a narrow strongly-cooled tube, a deposit is obtained 
which melts with the warmth of the hand, and gives the reactions for phosphorous 
oxide. Moreover, the odour of the product is identical with that of pure phos- 
phorous oxide, and it is also identical with the peculiar smell noticed in a lucifer- 
match manufactory during the making and handling of the " composition” with 
which the splints are tipped, and which is present in the neighbourhood of the 
benches where the ” boxers arc at work. Red phosphorus is inert under many 
circumstances where yellow phosphorus is an active chemical agent; and it has 
a far smaller tendency to unite with incandescence with other substances. Yellow 
jjhosphorus is not very soluble in most of the common solvents ; carbon disulphide 
IS considered to be the solvent for ^his clement ; and, as indicated in detail below, 
the solubility in other solvents is much smaller— tlius, 100 gnus, of solvent dissolve 
approximately : 

CarlMin Bontone. Almoud Com* motlo Ellitr. AlRoltiil, Glycerol. 

(htmljiliidB. ull aud. ap. rf 0 822, 

2.1 15 100 1-00 C-45 0 25 0-17 grm. 


W. Ramsay and J. N. (Millie - obseivcd no rpartion between hdium and phos 
]i)iorus, although R. J. Strutt observed that a liLllo helium may be absorbed. Lord 
J{.a}leigh and W. Kamsay dbserved no reaction between phosphorus and argCUL 
W. lUinsay and F. Soddy observed no reaction between phosphorus and radium 
emanation or nitao. M. Guichard examined the gases occluded by phosphorus, 
and evolved when the element is heated in vacuo. II, Davy was very much 
impressed by the proportion of hydrogen liberated from phosphorus during the 
pasiago of an electric current; and 11. B. Baker and H. B. Dixon showed that 
(‘(iinparatively large quantities of hydrogen are absorbed or occluded by 
jiliosphorus. Hydrogen, however, as A. F. Fourcroy and L. N. de Vuuquelin 
-ibovied in 1822, exerts no npjireriable chemical action if hcuterl in contact with 
])hosplinrus. F. H. Kowman okserved that hydrogen is absorbed by phosphorus 
in tlie electric discharge tube. Although hydrogen in statu nascfttdi is able 


tu unite with phosphorus, once the hydrogen Ims assumed the gaseous state, 
combination no longer occurs. I. Langmuir, however, observed that the 
So called atomic hydrogen can convert phosphorus into phosphine. ,1. Davy 
^aiil that hydrogen becomes charged with phosphorus vapour when in contact with 
tli.it element. Jn 1804, J. W. Rctgers staled that a stream of hydrogen passed 
over heated amorphous phosphorus docs form hydrogen phosphides, but 
V. E. Tisuhtschenko and N. Zawoiko, and A. J. J. Yaudevelde showed that there 
no direct combination even when the phosphorus is heated to the temperature 
of sublimation. 2'ruo enough, it hydrogen be passed over molten phosphorus, the 
va])our of phosphorus diffuses into the hydrogen imparting to it the odour of 
the property of emitting light when it comes in contact with oxygen, or the 
Jiydrogen may even ignite when it comes in contact with the air. The formation 
of a volatile hydrogen phosphide when phosphorus is in the presence of zinc and 
dil. acid, or cone, alkali generating hydrogen was observed by L. Dusart, and 
A. R. Leeds. According to J. B. A. Dumas, zinc in contact with dil. acids and phoa- 
phoruR does not form hydrogen phosphide, and H. Davy was mistaken in supposing 
unit combination occurred, for, if the acid is heated, phosphorus vapour not 
hydrogen phosphide may be carried along with the hydrogen ; but J. Brossler, 
hke H. Davy, considered that combination of phosphorus with the nascent hydrogen 
o^urred under these conditions. V. Ipatieff and V. Nikolaieff observed that 
ph^phine is formed when white phosphorus and hydrogen are heated in a sealed 
tube at 3(10^ Red phosphorus was found by V. Ipatieff to pass into the black 
Variety when heated in hydrogen at 200^ and 90 atm. press., whereas under milder 
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conditions it furulbLcs pLospliiuo, etc. V. Koklbch litter and A. Erumkin noticed 
that hydrogen and phosphorus vapour form solid hydrides whon exposed to tho 
luminous electrical discharge. They also found that phosphunis can adsorb 
argon and licliuni. 

The eiTccf of oxygen has been disciibsod in a s])ccinl section, and tlie action of 
ozone is also there indicated. U. Itiltz and A. Gross, J. Lang, and K. llrunniT 
described a ilcmoiistration experiment for tlic comhuslion of phosphorus, 

N. R. Dhar observed that in the oxidation of pIiuHjihoius, by aim. oxygen, tlir* 
presence of easily oxidizable substances like hydroquinone, sugars, glycrri)), 
sodium arsenitu, etc,, retard its roaciion. A. N. Dey and N. K. Dhur studied 
some coupled rear! ions with oxidizing plin^phorub as the primary reaction ami 
oxidizing sulphur, nickclous hydroxide, ethyl alcohol, sodium arscniic, or oxaln' 
acid as the secondary reactitm. The u.^e of phosphorus fL>r tho production ni 
smoke screens was diaeussed by II. W. Walker; and for the ubNorpiion of oxygen 
in gas analysis, by A. Tlolines. N. K. Dhar, and C. Mourcu and C. Dufraisso^ 
discussed the spoutaiu^nus uxiilatioii of phosphorus by free oxygen. A. Kchroll.u 
said that red phosphorus can lie kept in air for years without cliungc, J. Rdcsckim, 
G. Wilson, and J. Pcrsoiiue observed tlial moist red phosphorus in a firndv di\jil< d 
state IS hliml) oxidized; and T. D. Gn)vcs observed Hint the smell of o/ime i> 
produced, hut nf» luminobity occurs. A, Pcdler also noted Ihnt in hot, moial , trnj)irnl 
atm., phnbpliinc and phosphorous acid are formed. A. Stock anri F. (loni »lka 
added that mou^t red phosphorus, like yellow phf)sphoru‘', i.s oxidizcil 1>\ Tiund 
air, the only difTcrcnce is that the oxidatiim is niiicli slower. Fur the bun i .*/ of 
phosphorus in air, rrr/e the diilcreiit oxides of phosphorus. L. Gineliu, and l> \on 
Dybkowsky showed that phosphorus and water can react ehcmicall) .it 
ordinary temp. A. 18. Leeds believed that moL^'t phosplioru>, in an iitni J 
carbon dioxide, can form phosptiine. A, Dppenheim found that water 

in a sealed tube with red or yellow phosphorus forms [diospliiiic and ])l. 
phorous arid. J. .1. HerzeJiiLs said that yellow phoi»jihoruH is very slightly le 
in water; and the solubility was aNo ipialitatively observed by 18. Pliill |•^ 
J. Murray, and W. MuUer-Krzbnch. (?. SIkIi said that lfH» grirn. of wmIi't '.u. 
dissolve ti*(KX)3 grm. of phosphorus, at 15° ; J. Hartinaiin, grm. at • > ; 

and T. Bokorny said that an aq. soln. can lie obtained contaiiiiiig (Hil’ grm. 
phosphorus in BK) c.c, of water by pouring a snln of (I'J grm. of phi»'^pboru^ m 
carbon liisulpLidc mixed with ether ami hot alcohol, into blM) c.c, of air-free boiliiig 
water, and continuing the boding until the alcohol, ether, and carbon disulphulc 
have been expedlpd. C. F. Trosto and A. Higgiu found that only in the prrrfcnre 
of air i.*» the water decoinjiosed ; in an atm. of carbon dioxide, water ran be distilb^il 
from phosphoru'i without forming phosphine, but under ordinary coiidirions, ■“.u'l 
T. Weyl, pliO'.phorus decomposes warm water with the evolution of phuqiluTiP. 

O. Stich obscr\'ed no activation uf the oxygen when a soln. of 5 mgrms. of phi^phiuii- 
in water is kept in intimate contact w'lth air. C. K. Cross and A. lliggm, au'l 
J. B(»c.4ckcn observed that red phosphorus does not react wdth boiling wmIct, biit 
ttt a higher temp, a feeble reaction occurs. Y. IpatioH and V. NikolaiclT ob«‘t‘r\ imI 
that wliite pho'^phorus and water in a sealed tube at 300'^ yield phosphoric and 
and phosphine ; and the formation of phosphine starts at about 2!H)” and 
atm, press., and is indicated by a break in the ipnip.-pr''ss. curve. V. Ipulj'dl 
observed a little black phosphorus may be formed ; aud rofl phosphorus fuTiii'^ln*" 
phosphoric acid and phasphine when heated under press, with water. II. Bf'brii 
storff describe d a flemon^tration experiment for tho ignition of phosphorus uii' ‘ f 
water. T. Weyl found that a (J to per cent. soln. of hydrogen dioxide 
phosphorus at about C0°, forming pbospJiino which does not spontaneously inli.'iui* j 
and phosphorous and phosphoric acids. The action of hydrogen dioxide on 

or scarlet phosphoru.s ifi much more energetic than is its action on yellow phosphonii^ 
the action being violent with soln. which contain more than 8 per cent, ot ' 
dioxide ; the pruducte are in this case also hydrogen phosphide, phosphorous am • 
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and phosphorio add. Hydiogen phosphide ia evolved when red phosphoms is boiled 
With water ; the action is not due to any alkali derived Irom the glass vessels used. 
The liberation of phosphine by the action of red or scarlet phosphorus on boiling 
svntor or hydrogen dioxide is not due to the presence of yellow phosphorus, but 
nitlier to the formation and dccoinposition of phosphorous aoid: 

- lir(OH)8; and4P(0H)3=-rirs+3H3P04. 

11. Moissan ^ showed that flooiizio reacts on both red and yellow phosphorus 
at iirdiiiary temp. The reaction is accompanied by incaudcsccnce pr^ucing the 
iniluorido if the phosphorus is in excess, and tlic pi^nialluoride if the fluorine is in 
I xcess. Ordinary phosphorus burns in cUorine gas with a pale greenish light 
producing, in an an^ogous manner, phosphorus tri- or penta-chloride. A. SchiStter 
sj,id that no reaction with liquid chlorine occurs at the temp, of solid carbon dioxide, 
hut, according to J. B. A. Dumas, and F. Donny and J. Maxesku, it does react, 
even at --IK)'*. Bed phosphorus was found by A. Kchridter to react with chlorine 
at ordinary temp., forming first the tri- and then the penta-chloride; red phosphorus 
niflames in warm chlorine but the flume dies out if the gas be cooled. J. Personne 
observed that very finely divided red pho'^phnrus inflames spuntancouisly in chlorine 
giks at ordinary temp., forming the pentachioridc. A. Schruttcr found that red 
)tliospburiis rli.SH)lves in ehlorine-watcr more quickly than docs ordinary phosphorus 
Imm .1 there are more points of contact. W. Miillei-Erzbach sjid that the alTinity 
ot I'lilorine must be greater than that of bromine for phosphorus because of the 
lucre asivi den.sity of the products. Ordinary phosphorus was found by A. J. Balard, 
Mild (’. Ijbwig to react with bromine gas with incandescence, forming the tri- or the 
pi'.'lu bromide, il. Rosi*, and V'. Merz and W. AVciili observed that when small 
lucres of yellow idiospliorus are thrown into liquid bromine, the jdiospliorus takes 
lire and produces dangerous explosions. A. Hchrottcr found that red phosphorus 
also unites with bromine, at ordinary temp., with incandescence. Ordinary 
pliusjihoriis unites with iod^e at ordinary temp, and, according toC.L. Gazzauigu, 
at - with the development of heat. The product luflames on contact with 
air. The reaction was studied by J. It. Gay Luftsuc, T. S. Traill, B. Boulouch. and 
K. J. Lisseuko. According to A. Sr hrottcr, the reaction does not occur at ordinary 
temp, with red phosphorus, but wbi'ii warmi^l, di- and Iri-iodides arc formed without 
iucniii]L'.sr'pnco. F. Sestini studied what he called the rhnnival adherence of red 
liboephoruB to tlic metalloids. ITe found thul the reddish-violet soln, of iodiiie in 
carbon disulphide is decolorized liy dry red jilius]diorus. R. N. Trailer and 
F. K. R. Germann ohserved that after decoli)nzatioi), the phosphorus contains 
liyilnndir and ])hosphorous acids, but no free iodine. N. li. Gordon and J. V. Krantz 
hslmI benzene, toluene, xylene, carbon dl^ulphide, carbon tetrachloride, and chloro- 
form us Rolv cuts for the iodine. G. Gore said that yellow phosphorus is not affected 
hy liquid hydrogen chloride. A. Uppeuheim found that hot cone, hydrochloric 
Bcid reacts with red phosphorus in a sealed tube at 2Ul>^ forming phosphine, etc. ; 

311(1 ^jafa-l-Ft'la. H. Bose said that several metal chlorides give off chlorine 
when treated with yellow phosphorus. 0. Dumoiscau found that yellow phosphorus 
docs not react with hydrobromic add; but in a scaled tube at KK) -120°, phos- 
phqnium bromide is formed. 11c also found that hydrogen iodide reacts with 
ordinary phosphorus at room temp., forming both the tetraiodide, and phosphonium 
iodide. With red phosphorus there is no reaction nt temp, below 100® — the little 
phosplioniun^ iodide which may be produced probably comes from the presence of 
yellow phosphorus as impurity. A. Oppenhoim found tliat when red phosphorus 
I'j heated with hydrio^ add in a sealed tube at 1 60°, crystals of phosphonium 
iodide are formed. A, J. Itahird showed that hypochloiita oxidize yellow phos- 
jdioroa to phosphoric acid. N. A. K. Millon found that ordinary phosphorus reacts 
explosively with cblorilie tfiozide ; and F. Stadion, and 11. Davy observed a similar 
lesult with chlorinB J. Soliiol found that an aq. soln. of ddoroni gdd 

iminediatdy dissolves red phosphorus. R. Bottger found that if a drop of a soln. 
of phosphorus in carbon disulphide be placed on some powdered potoBsium cUoiste^ 
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an explosion occnre as the solvent evaporates. J. W. Slater said that phosphorous 
and phosphoric acids are formed when phosphorus is boiled with a soln. of potassinm 
chlorate. A. Schrotter found that when red phosphorus is triturated with potas- 
sium chlorate there is a vigorous reaction, and under water in the presence of 
sulphuric arid, there is a vigorous reaction without incandescent phenomena. 
M. Beugicser, and A. Ditte found that yellow phosphorus reacts with iodiC add, 
forming phosphorus oxides, iodme, phosphoric acid, and possibly red phosphorub 
and M. Bengieser bhowed tliat periodic add oxidizes phosphorus to phosphoric 
ticid. According to T. F. Buehrer and 0. E. Schupp, when either white or red 
phosphorus is mixed with potasbium lodate, and a few drops of water are addeii, 
the mixture reacts vuJently, sometimes even explosively, liberating iodine anil 
evolving a considerable quantity of heat. When more water is initially taken, 
tbc rate of the reaction is greatly decreased. Since the reaction starts sluulv 
and giadiially speeds up, it appears pri»bable that the iodine formed responsibh' 
for the rapidity of the reaction rather than the lodate ion. Since phosphorous ar id 
is formed to a roriMd^rable txrent under these conditions, the rule of tlic eatin 
reaction is detcrminFd solely, perhaps, by the rate at which it is oxidired in 
phosphoric add It is possible, however, under suitable conditions, to rein! r 
this oxidation cimiplete by means of polafisium iodato. The reaclioin iiivnhfd in 
the oxidation of pliospbonis bv jtntassium lodnie have been found to take pLu 
as folloub: fiP-* .‘ilO'3 \ .‘111*-* 01120 ]I2 1 rill^PO-i Tins reaction is slnw, ami 
goes pariiiilly to phosphoric acid. 2P+.'ll2 ^ t>H20- CH -1 (iT | 11. 

reaction is quite lajnd. SllaPO^n 2103' I2 i Sll'+SII^PO'^d HoU. ^JIu 
reaction is vir}^ slow, as is strikingly shown by ailding poiassinm loda^* to .1 
phosphorous acid boln. Very little iodine is liberatfd even on n^fluxiiig the si 1m 
for some time. Ha^Oj ^ !„ | U^O - ilil -4-2I' [-Il2 PO'|. TIih reaction ht\s Ium n 
studied by B. D. Steel, who finds that “two distinct reactions occur ... one uf 
which pn'ponderatfs in acid soln. and the other in the absence of strong and, ' 
the one in and soln being catalyzed by hydrogen ion. This reaction has bi* n 
shown by others to be slow, and to depend in largo measure upon the cruir 1 r 
the acid. It is probable that the oxidation of the phosphoroiu acid by m\ n> 
deternunis the rate of the reaction as a whole: 5V-| IU'3 ] CH =312 , 3H^O 
Ihis rcaclion is kiiowm to be msointaneous and compleie. 

According to B J'ellefjpr,^ F. Isamberf, A. Level, and R. Buttger, whf*n 1 
mixture of sulphur and yellow phosphorus is warmed the two elements unite lu 
all proportions with vivid combustion, and powerful detonations. The redctimi 
is quite compluatcd, and a series of sulphides is formed — rtdf iw/zn. W. 
said that the two eliMiients unite at onlinary temp, when sulphur is in coiit u l 
with yellow phosphorus under water. A. Schrotter observed no reaction with 
mixture of sulphur and red phosphorus until the temp, attained 23(>‘' ; nor dul 
W, iSpring obtain any evideiire of combination when the mixture was subjecti 1 
to great press J. llavj found that when in contact with phosphorus, hydrogen 
sulphide becomes clmrgnd with the vapour of that element. F. Srstiiii foiiml 
yellow phosphorus to be solulde in liquid sulphur diOQOds without chemical at 1101 
F. C. Vogel obser^-cd that yellow phosphorus inflames at ordinary temp, aftir ji 
has stood some time in the vapour of sulphui trioxid6» and aulpbur is prodiicoJ 
K. IL Adic obtained a complex ;JP204.2H03 by the interaction of yeUow pho^phoni^^ 
and sulphur trioxidc, lie said that when a piece of phosphorus is dropped uiio 
liquid suliihur tnoxide, it reduf es the latter with violence to sulphur dioxide, ami 
is itself oxidized, forming a white, flocculent solid, 3P204‘^^9>’ 

When the pieces of phosphorus were large, the beat of combination raibcd the temj' 
of the phosphorus sufficiently high to ignite it. Heating pboaphonis with sul]moj 
trioxide in a scaled tube not only oxidizes all the phosphorus, but converts it 
once into phosphoric anhydride, which forms a clear soln. in the trioxide. A. Ojipi a 
heim showed that yellow phosphorus inflames when placed in a rapacious 
containing cone, sulphuric add heated to its b.p. ; and when yellow phosplionw 



PHOSPHORUS 


787 


and tlie conf*. aoid are heated in a aealed tube at 200^, Bulphnr dioxide is foimed : 
,yig.S04+2r=^2U3p08+3803. A. f^chroiterj and J. Pelouze observed no reaction 
bolwcen cold cone, sulphuric arid and red phosphoms, but when heated nearly 
to the b.p.p sulphur dioxide is evolved. K. Heumann and F, Kochlin showed 
that chlOTOSOlphoziic add reacts feebly with yellow phosphorus at ordinary temp., 
but a vigorous reaction begins at with the evolution of sulphur dioxide 

ami hydrogen chloride, and ending with an explosion; with red phosphorus, a 
higher temp, is needed to start the reartion — it is assumed that phosphoric acid 
iind a phosphorus chloride are first formed, and that these react with the sulphuric 
iciJ which is formed at the same time so as to produre phosphoryl chloride. They 
iibo found that solphuzyl chlorido when warmed with yellow phosphorus reacts 
feebly, while with red phosphorus the rpaetion is vigorous : 3SO2CI2+2P 
pyrofinlphiiryl chloride reacts vigorously with red 
|)lje^pliorup, forming phosphorus trichloride, etc. H. F. G. Jc Ulaubry fouud that 
unliiiary phosphorus reacts with sulphur munochloridBy SnCl2, at iif, with the 
devdoprnent of heat, and the formation of sulphur and phosphorus trichloride. 
V. WLililer foiiiul that yelhiw pho'^phorus readily dissolves in sulphur monnchloride, 
ml there is a ro.icljou which M. Chevrier symbolized : 3S2f'l2+2P=^ 2PSCI3-I 4 M. 
r. Nieulardot found that yell(»w and red phosphorus dissolves in sulphur mnno- 
( liliiiirlc. J. J. ltd /elms B found lh.1l selenium and yellow phosphorus are mi«iriLie 
111 .ill ]>ri)]mrlioiis ai a temp, near the m.p. of phosphorus ; the reaction is probably 
1 ininphiMted one as in iJje ca-^e of phosphorus and sulphur. E. Baudrimont 
hiiind lhat when pho''])h()TusrfM( ( s with selenium monochlotide, SeA, phosplmnis 
Mil him ide ami selenium are foi nieil ; and a MTinlar result is obtained with eeleniom 
ietrachloride, but iF tliis agent is pre«>oiit in excess, the complex 2P(M5SoC]4 is 
fiumed. L. Itu*-ciis1ein found that huln. of selenates arc redueed to the element 
ui a iibosjdiide when boiled a few minutes with red phosphorus ; while tellurates 
aio but slnwly reduced. 

P}io<4j)horus does not react directly utith nitrogen. F. H. Newman ^ found 
nitiugcn is absorbed by pbospliorus in the electric discharge tube. J. Davy noticed 
111 at 111 contact with phosphorus, nitrogen becomes charged with the vapour of 
til fit element, C. L. l^ertliollet attributed the faint luminosity of nitrogen charged 
^\i1h ])hosphorua vapour to the presence of oxygen as an impurity ; he also thought 
11i.it when the gas is charged with phosphorus vapour it increases by 0-0-.") part 
“f its voL, but C. Brunner could not verify this— only a milligrnui of phosphorus 
1 taken up by 1732 c.c. of gas. By passing an clcetnc discharge through a mixl ure 
"1 idiosphorus vapour and nitrogen, V. Kohlschutter and A. Frumkin obtained 
^'did nitrides — virte infra, phosphorus nitride. F. W. Bergstrom found that both 
ynllow and red phosphorus react readily with potassium amide, and with sodium 
amide, W, P. Winter said that sodium phosphide as well as oxyacids of phosphorus, 
■'•wd a plmsphorus amide are formed. According to H. Davy, nitrous oxide has 
no action on phosphorus even when that element is touched with a piece of red- 
bot inm; but if the iron bo still hotter, the phosphorus may inllame, forming 
phrmphonifl pentoxide, free nitrogeu, and some nitrogen peroxide ; J. Dalton found 
til at feebly burning phosjihoms is extinguished in nitric Olide ; but at a higher 
temp , say at the m.p, of phosphorus, there is a vigorous reaction wilh the formation 
'd mtingcn peroxide, etc.; P. L. Diiltmg found that phosphorus ignites when 
^iriingly heated in nitrogen peroxide and burns vigorously. These results wore 
I'oiirirniei by A, Itosenheim and J. Pinsker. R. Weber found that phosphorus 
*d^o burns vigorously in contact with warm nitrogen pentoxide. H. Reinsch 
Rhowed that phosphorus is but slightly attacked by nitric add in an open vessel, 

ordinary temp., beeau.se it becomes covered with a film of oxide; if air bo 
excluded, nitric oxide is evolved, and the liquid becomes blue. The boiling acid, 
out of contact with air, forms nitric oxide, which reacts with the phosphorus, forming 
nii^gcn ; if air be not oxdudexi, the nitric oxide is not decomposed in this way. 
b. F. Schonbein showed that the heat may be such that phosphorus vapour rises 
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and burnR in the vapour of the nitric acid. According to C. Wittstook, hoi nitno 
acid of ap. gr. 1*2 diasolvea jcllow phoaphoniB wiih the evolution of nitric oxide 
and nitrogen, and the formation of phoHphorous and phosphoric acids ; -when the 
liquid is evaporated, the phosphorous acid is oxidized, and phosphoric acid is alone 
obtained. The reaction was studied by C. \V. 0 . Kastner, L. A. Buchner, J, Geisolcr, 
J. von Liebig, C. F. Barwald, etc. There is some doubt about the nature of the gases 
evolved. J. Fersonne, and E. J. Maumene found that ammonia is a product of the 
reaction ; and C. Monteinartini showed that on exposing red phosphorus to the 
action of an excess of 17 * 3 , 28 - 3 , and 68 per rent, nitric acid, at 13 ^- 14 ^, until all 
is dissolved, one gram of phosphorus furnishes respectively 0 - 0739 , 0 - 0824 , and 
0*0095 grm. of ammonia. The phosphorus requires some days to dissolve in dil. 
nitric acid, but dissolution is rapid in the cone. acid. A. tirlirbtter found that red 
phosphorus is more easily attacked by nitric arid than yellow phosphorus ; and 
J. Bdeseken found that wiih boiling nitric acid of sp. gr. 1 * 25 , half the phosphoru.s 
is oxidized to phosphoric acid, and half to hypophosphoric acid, A. Siemens 
showed that when a soln. of yellow phosphorus in benzene is treated wiih dil 
nitric arid, and warmed to drive off the benzene, phnaph(‘rus jientoxifle is presenl 
in the remaining liquid; with red phosphoru<«, some pierir aeiil is produi^ed. 
E. Marchand showed that yellow phosphorus burns in uiiilti'ii ammonium mtrate» 
forming phosphorus pentoxide. J. W. Slater founit that a mixture of a nitrate 
with yellow phosphorus detonates by percussion ; and a soln. of barium nitrate 
is not affected when boiled with phosphorus. A. Sehrotter observed red pho ^pliorus 
does not detonate when triturated with potassium nilTiite, but wlien w^urnierl 
tugeiher there is a vigorous reaetiun. 

According to C, W. Bockmann,® and A. Vogel, ordimirv phosjihorns forms u 
dark brown powder in ammonia gas, but the earlier oliservations wore made mi 
imperfectly purified phosphorus. T. A. (Vmirnaille reporleJ that nnimoiiin gas 
hits no action on phosphoras, though A. F. de Fourcroy found that a mixture of 
nmmouia and phosphorus vapour dccuui]»uscs into nitrogen and phosphine when 
led through a red-hot tube. C. Ifugot was able to distil phosphorus unchanged 
in an atm. of ammonia. Aq. ammonia exerts a slight action on yellow phosphorus, 
particularly if heated, phosphine and a black powder arc formed; but, according 
to F, A. Fluckigcr, ted phosphorus is not soluble in that menstruum. G. Uore, 
and E. C. Franklin found that yellow phosphorus dissolves slowly in liquid ammoiiiii ; 
while £. r. Franklin, and C. llugob said that red pfaosjthorus is insoluhlc in tins 
menstruum. According to A. iStock and co-workers, liquid ammoiiM lilackeii- 
scarlet jiho.spIiorus. A, Stork and co-workers, R. Scheurk, and C. Ifugot showed 
that ordinary phosphorus reacts very slowly with liquid ammonia in a sealed tube 
at ordinary temp.— the soln. first becomes red, and in a few days it deposits a 
black j)owder. The reaction is much more rapid if the temp, be raised. The black 
product is supposed to be a compound of phosphorus hydride, 1 4II2, with aniuionia 
— either HP4,Nir4, or P4II2.NII3— and a similar compound obtained by R. Rchcnrk 
is formed by warming a mixture of ammonia with the solid hydride. R. Kchenck 
represented the reaction : 14 P 4 ; 7 NH 3 ^;]P 4 lI(NH 4 )+ 2 (llN : P.NHo). When the 
soli d hydride is treated with piperidine, C5H21N, an analogousproduct, P4I Jsl ('5! f 1 1 ^ > 
iH formed— i»idf supra, phosphorus amides and imidcs; and tndc infra, hydrogeu 
triphosphidc. According to C. Hugot, Sodammonmin, Na.NHg, reacts with red 
phosphorus, forming ammonium and sodamide together with a substance will) 
the ultimate composition, Na3F2H3, in yellow ncedlo-liko crystals; 6NHaNa+-l* 
=p2W3Na3+3NaNH2+3Nir3. W. P. Winter found phosphorus acts energetically 
on sodamide, forming a chocolate-brown powder which when heated gives olT 
ammonia and phosphine, forming sodium phosphite and hypophosphitc. 
C. A. Lobry de Bruyn found that phosphorus reacts with hydraziliet forming a 
black substance ; and it dissolves slowly in hydnoilie hTdxatOf forming a soln. 
which is coloured yellow, red, brownish-violet, and finally black ; a little phosphint* 
is given ofi| and water precipitates brown flecks. According to J. W. Diio, yellow 
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phoflphoniB dowly disBolves in hydrazine hydrate, and if the mixture be left in 
vacuo for a couple of months, a black substance mixed with white crystals is 
formed. The white crystals are either hydrazine phosphite or hypophosphite ; 
and they can be extracted by solution in alcohol in which the black mass is insoluble. 
Wben the black mass is exposed to the air it becomes yellow, and when heated 
in hydrogen to 100^ it forms a red product similar to that which is formed by the 
action of phosphorus on free hydrazine. The black mass is supposed to be a 
weak phosphorus acid free from nitrogen, and the red substance its hydrazine 
derivative. 

U. Moisaan* observed that yellow phosphorus heated in contact with ph06- 
phoms triflooride ne ]froduit aucune readion ; C. Poulenc found that with phos- 
ph ff™ trifluodichlciride, at 12()^ phosphorus trifluoride and trichloride are formed. 
P. Walden, and J. Boeseken found that yellow phosphorus is soluble in phosphorus 
trit^oride, and J. H. Gladstone, that it reduces phosphonu pentachloride to the 
t nchloride. B. lleinilzcr and H. Goldschmidt reported the formation of a suboxide 
when yellow phosphorus is heated with phosphoryl ddoride at 200 G. 8. Spiullas 
showed that yellow phosphorus dissolves in UliophogphQZyi chloride; and 
,1.11. Gladstone, in fhiopprophosphoryl chloride. C. Lbwig found that yellow phos- 
phorus dissolves in phosphorus tribxoinidei and E. Ruck showed that the solubility 
of red phosphorus in that menstruum is diminished by long heating. He gave 
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He found that with nrdinar)’ mmmerci.il red ]»ho.sphorus w'illi 98 per cent, phos- 
phoni**, there dispolviul U-U5(l and {)*]08 ])pr cent, of phosphorus in respectively 
If) and 4L' hrs., and with a finely-divided sample 0*092 and ()'116 per cent, phosphunis 
in 10 and 20 hrs. respectively. R. Sclieiick found that li.H> grms. of phosphorus 
tnhromide dissolved 0'2(K)1 grm. of scarlet phosphorus at 172®, and 0*3634 grm, 
at 1 S 1 ^ E. Bnudriiiiont showed that yellow phosphorus does not attack phosphoiyl 
bromide at the b.]). L. Rosoihslein fouml that soln. of arsenates, and arsenic, 
antimony, or bismuth salts are not reduced by boiling with red pho.Hphoius ; but 
W. Einkelslem found that a iiilrol»enzene soln. of aT*»i'nic trichloride is reduced by 
>el]ow phosphorus and arM'nie is deposited. 0. Ilufi obsmn'd that phoR])horus 
Halts with antimony trichloride m the presence of a little aluminium chloride. 
h\ K. Brown and J. E. Rnydcr observed that vanadium oxytrichloride is without 
action nil red or white pho^j>horiia. 

Mnjqf ynllowphosphoru.sinanutin. of carbon dioxide was found by A. R, Leeds 
ti) produce some phosphine, but not to react with the carbon dioxide ; and G. Goto 
showed that a sat. soln. of phosphorus in carbon disulphide has no action on carbon 
dioxide. J. Davy found that when in contact with yellow phosphorus, carbon 
monoxide and dioxide become cliurged with the vapour of that element ; but 
A. F. (Ip Fourcroy and L. N. Vaiiqnclin thought that this was not the rase with 
carbon dioxide. 0. Gore showed that n mixture of ammoniom carbonate and 
ri*d phosphorus in a red liot crucible forms phosphorus poiitoxide. J. Davy found 
f hat jihosphorua docs not react with carbonyl cbloride even at the sublimation temp, 
of that element. 

•f- W. KetgcTB said that yellow phosphorus is very soluble in methylene iodide, 
Aiul red phosphorus insoluble. A. Vogel found that KX) parts of carbon disulphide 
dissolve 5-53 to 5*88 parts of yellow phosphorus; J. B. Troiiimsdorfi said 12*5 
parts ; and R, fiottger, 5*0 parts. II. (Siran also made some observations which 
L. (’ohen and K. Inouye consider to be inaccurate ; they found the solubility, 
fi^pressed in grams of phosphorus jicr 100 grins, of soln., to be : 

"lO* -7B- -S- -2 5* 0“ B" 10* 

31*40 36*S6 41*96 7600 81-27 S630 89*8V 


Solubility , 
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Tbe Boln. eat. at —3-6^ BopoiateB at — into two immiBoible liquids, Somo 
properties of soln. of yellow phospbonis in carbon disulphide were described by 
W. A. Lampadius, D. Brewster, R. Bottgcr, J, J, Berzelius, J. Munay, J. M. Edcr, 
F. Scriba, E. Brunn, 0. Gore, and 0. Ohmann. M. Thiele found that when a soln 
of yellow phosphoms in carbon disulphide is mixed with alrohol, the soln. remains 
clear, and in a few days deposits an orange-yellow, crystalline mass ; ether forms 
a turbid liquid and deposits a lemon-yellow precipital e, probably yellow phosphorus 
Chloroform, benzene, and ligroin produce no perreplible change. Red phos- 
phorus was found by A. SohiotteT to be insoluble in carbon disulphide— vide infni, 
R. Boyle mentioned that yellow phosphorus dissolves iu spirits of wine. Arcordini; 
to J. A. Buchner, 100 parts of cold ethyl olcohol of sp. gr. 0‘T99 dissolve 
part of phosphorus, and when warm, 0-417 part ; G. F. Schacht gave 0*208 grm. 
per 100 grms. of absolute alrohoh The soln. has an acid reaction and conbaiiis some 
oxide. The chemical reaction which occurs when a mixture of plio'^phorus ami 
alcohol is heated in a sealed tube at 2r)0^ was investigated by J. Berthaud, ami 
when the mixture is exposed to light, by A. Pedlcr. J. B. Senderena studied rcrl 
])hos}»horua as a catalytic agent in the dehydration of alcohols. A. Schrottir 
found red phosphorus to be insoluble in alcohol. A. M. O^sendowaky said that 
100 grms. of i^ycerol of sp. gr. 1*250, at MM O'", dissolve 0-2') grni. of phosphorus 
According to C. F. Bucholz, at 20°, 100 grms. of abKolutc ether rlissolvn 5 grm>< 
of yellow phosphorus and ordinary ether, 0-417 grm.; while L. V. Biiigmitclli 
found at 15-5°, respectively 1*25 and 0-417 gnu. A. (\ Chrislomanos found for tin* 
solubility of phosphorus in grains per ino grms. of elh<‘r: 

0* ])• 10- i:*“ 20- iij- so^ sy 

Solubility . . 0-4335 0-62 0-85 U 00 1 04 1-39 1-75 1-OOM 

The sp. gr. of the soln. sat. ai 15°, 20°, and 25° are Te.spcctivi*ly 0-7257 at 15‘', f>-7lS7 
at 19°, and 0-7283 at 19°. A. ^hrbtter found red phosphorus to bo insoluble in 
ether. In light, the soln. soon becomes turbid, and decomposes. T. Svedbeig Siiid 
that both red and yellow phosphorus are perceptibly solulile in isobatyl alcohol. 
According to A, C. Vournasos, the vapour of yellow pho.sphorub at 2UU' acts uu 
sodium lormate in the presence of hydrogen, producing sodium oxalate, (l!OONa). , 
and phosphine: 2P-l-GHCOONa— 3{UOONa)o-f 2P1I3. U. Yulpius found lh.U 
acetic add dibsolves about one per cent, of yellow phosphorus; C. Stich, 100 grms 
of IK) per cent, acetic acid dissolves 0-105 grm. ; and J. P. Boudet repoitoJ tli..t 
vinegar dissolves phosphorus. G. Vulpius found that phosphorus is freely soluble 
in st^c add ; and C. Stich showed that at 15', dldc add dissolves 1-OG grm. of 
phosphorus per 100 grms. of acid. C. fi. Mansflelil said that yellow phosphorus h 
slightly soluble in cold and more soluble in hot benaane ; and A. U. Ohnstonianos. 
expressing the solubility in grams of phosphorus per 100 grms. of benzene, found : 

0- 6* 10* 20- ^0- 40- BO" 60- 70“ 81" 

Solubility . 1-513 1-99 2-4 3-21 4-001 5-75 6-B 7-0 8-808 10 027 

The soln. becomes turbid when exposed to air. A. Siemens said that the vapon 
ration of a soln. of red phosphorus in benzene is quite difierent from that of a soln 
of yellow phosphorus in that solvent. N. T. de Saussure found ])hosphoriis tr) lu' 
soluble in 14 parts of hot petrdleain, and less in cold ; L. Crismi*! said it is sliglil^ 
soluble in liquid paraffin, and C. Stich found 100 grms. of paraifin at 15° dibsuh c 
] *45 grms. of yellow phosphorus. A. Colson said that ordinary phosphorus dissoh i > 
in tnipentine only in the absence of air; and warm, rectified turpentine fr''(lv 
dissolves the phosphorus, which furnishes snow-white crystals on cooling ; m ib'* 
presence of air, the liquid becomes cloudy, and a white, odorous, colloidal 
is obtained : phosphorus does not dis.solvc in turpentine 

even at 270° ; with boiling turpentine, and other high boiling liquids, the red pho^ 
phoruB may be partly converted into the yellow form, and it may then pass iuin 
soln. A, Schrotter stated that red phosphorus is slightly soluble in turpentine, but 
A. Colson said that this is not the case. There is no common solvent for yellow 
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and red phogplioras ; and since both varieties have the same vap. press,! they 
would become identical in a common solvent, F. Molnar, A. Colson! and 
b. Minovici studied the chemical reaction between turpentine and phosphorus. 
As mentioned by U. Boyle, yellow phosphorus dissolves in a number of eesontial ofls» 
jnd fatty oDs, particularly when warm-^.9. oil of copaiba, oil of mandarin, oil of 
I ciraway, oil of aniseed, oil of cloves, oil of mace, etc. C. Btich said that at 15 °, 
KK) grms. of oil of almonds dissolve 1‘25 grms. of phosphorus. L. £, Jonas studied 
the chemical action of phosphorus on heated linseed oil, poppy oil, oil of almonds, 
and nut oil. F. Krafft and B. Neumann found that the arsenic in triphen^aiaiilO 
IS quantitatively displaced by phosphorus in a sealed tube at 300“ ; likewise also 
triphenylstUline. J. II. Hildebrand and T. F. Buchrer observed that the critical 
i^oln. temp, of liquid phosphorus with decane is over .'iiX)" ; with chlorobenzene, 
naphthalene, 202 ° i phenanthrene* 200° \ p-dibioniobenzene, 163'^ \ and 
iivilh cartKm disnlpUde, - 6 * 5 “. II. Wichelhaus iiivestii^rLtcd the chemical action 
of yellow phosphorus on phenol, naphthol, etc. ; P. Baiiointti, on mtlJerin — 
frrun the dyestuff kamala; and T. Weyl, the action of red phosphorus on 
nitrobenzene. 

'1 Iio slight solubility of yollow phosphorus in several othor L'quids has boon noticed — 
f tf olhyl chlorirlo, ethylene chloriilo, chloroforni, bromoform, chloidl, acetic oilier, acetone 
iildohydo, cacodyl sulphide, allvl tliiooynnato, mercury motlude, valerianic acid, amyl 
\ulorato, fusel oil, lieuzoyl chlnrido, stannic chloride, ethyl mliito, nicotine, coniine, 
(avutchui, styrene, nnilmc, qumoline, creosote, etc J ifarlinanii found that lOO grni>>. 
of hiL at 38*5** dissolved 0>02424 grm. 0 / phosphorus, and more at a higher temp. 

A. Kemp observed lhat yellow phosphorus blowly dissolves in liquid cyanogen 
and possibly forms (‘yaiiogen phosphide , but H. Ilubner and (}. VVehrhane observed 
Hi) formation of that phosphide when cyanogen gas ur cyanogen chloride is brought 
Hi contact with phosphorus vapour ; V. Lowig observed a phosphorus bromide is 
iormed by the action of cyanogen taromide on warm phodphorns ; and F. Wohler 
noticed that a phosphorus iodide is formed with incandescence when cyanogen 
iodide is brought iu contact with molten phosphorus. 

Thr action of phosphorus on the metab is discussed in connection with the 
])lL0sphidcs— t'ide infra. According to A. Michaelis and M. Pitsch,^^ when ordinary 
pJiusphoruB is warmed with an alcoholic soln. of potassium hydroxide, phosphine, 
Ijyilrogen, and hypophosphorous acid are produced. It is maintained that the 
r(‘«ii'(iun proceeds m two stages : The phosphorus first dissolves, forming a dark 
ri'd soln., and evolving a httle gas which smells of phosphine ; the filtered liquid 
gives a greenish-yellow precipitate when treated with hydiochlorie acid, and this, 
i\hen dried, consists of phosphorus tetntoxide: 4r-|-H20=r40-|-H2, and the 
iKisi^ent hydrogen converts a little phosphorus into phosphine. As the red soln. 
liecomes warm, the tetritozidc passes into the hemioxide, P40+H20=2P20+B2, 
am] the hemioxide reacts with water, forming hypophosphorous acid: P20+3H2() 
SHgPO^ — vide infra, phosphorus tetiitoxide. By boiling an aq. soln, of alkali 
hydroxide withordinary phosphorus, spontaneouslyinflammable phosphine is formed 
' 1 ide infra. According to W. F. Winter, it is probable that sodium phosphide is one 
of the primary products of the action of phosphorus on sodium hydroxide, and this 
oiay, on hydrolysis, be the source of the phosphine. A. Schrotter found that when 
led phosphorus is boiled with potash-lye, the colour changes to a dark chocolate- 
browii, and phosphine, not spontaneously inflammable, is evolved. C. H. Burgess 
iind D. L. Chapman said that finely-divided red phosphorus dissolves in an alcoholic 
holn. of alkali hydroidde ; but A. Michaelis and K. von Arciid, that red phosphorus 
js partly transformed into yellow phosphorus by grinding to a fine state of sub- 
division, and it then becomes soluble in the alcoholic pota^-lye. Bed phosphorus, 
whether commercial or prepared by heating phosphorous acid and phosphorus 
jnchloride, is insoluble in aq. alcoholic potash ; and when triturated with water 

a long time, it is oxidized to the suboxide and acids of phosphorus. 
1 * Guaieschi found that ioda- 4 ime absorbs phosphorus vapour. W. Wicke said 
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that a stick of phosphorus in contact with moist ooppv Olld 6 partiallj reduces the 
oxide, forming in a few weeks crystals of copper. A. Schrotter said that copper 
oxide does not react when trituraiod with red phosphorus, but when heated together 
there is a vigorous reaction. There is, however, a vigorous reaction with silver 
oxide when ^e mixture is triturated or heated. A. Oppenheim found that zinc 
oxide is not attacked when heated with yellow phosithoros in a sealed tube ; but 
B. Renault said that the vapour of phohphoriis acts on zinc oxide at a red-hcat, 
forming zinc phospliides, and similarly also with cadmium oxide. A. Schrotter 
found that when red phosphorus is triturated with mercury Olidei or one of the lead 
oxides* there is a vigorous reaction and likewise also when the mixture is warmed ; 
manganese dioxide docs not react by trituration, but it does so when warmed with 
red phosphoms. A. Thiel and H. KoKcli found phosphorus vapour reacts will) 
mijsam trioiide* ln2P3. 

F. Wohler found that when phosphorus was placed in a soln. of copper sulphate, 
phosphorus was dcposilcd on the copper wire in contact wiili pliosphorus, and 
W. Wicke obtained analogous results with sQver nitrate. A. Vogel, and R. Bottger 
obser\*cd that ordinary phosphorus reduces copper from &oln. of tlie Copper salts, 
foriiiing a biiuiH rjuaiitiiy ol ])1iosj)hide ; and J. Nicklt\s found that a holri. ot 
phosphorus in carbon disulphide precipitutes the metal frtuu M)ln. of (stjkjtcr 
J. H. Gladstone noted the formation of jihospliorus tiirhloiide when yellow 
phosphorus acts on cupric chloride. T. Sidot showed that copper and copper 
phosphide are precipitated by yellow pbo^'phorus from solu. of copper sulphate, and 
when all the copper has been jjrccipitated from the ndn , some hydrogen iippCdi''. 
J. W. Slater aUo observed the frirmation of co])piT. copper jihosphide, and phosphoni 
acid when phosjdionis acts on a holn of copper nitrate. According to W. Straub, 
when phosphorus is placed in an aq. boln. of i ojiper biilphnte, it btTonies blar k. anil 
when removed from the soln. it does not re.u t with the atm. oxygen. In the solii , 
the black coating becomes red on neenunt of the deposition of metallic cop[)c] 
Copper ooiitinucb to be depo^^ited as long as pho'^phimis is picHcid, luit in all cjsc^^ 
the black deposit is first fonnecl. This blaik subbtnuci* is a copper phosphide, hut 
its composition could not Imj accurately ascertained _\s the reaction proceeds, the 
quantity of phosphoric acid in the solution cuutmiioudy mcreubes. The quautitv 
of phosphorus which enters into reaction stands in a (rmstanl relationship to tin* 
amount of reduced cupjier sulphate only if the reaction is not curried to an end or 
if atru. oxygen is rigorously excluded. At the jiniiit when? the reaction is ju*-^ 
complete, the soln, contains MLlphurir acid and phOsS])lioric acid in the proportinu 
1 ; Ovj, and consequently 1 niol, of pho»«piioruh sejiarates 2 luols, of copper from the 
copper Bulph«ntp soln. TJic oxygen which oxidi/es the pho'-phorus must roiue from 
the water because the amount ot sulphuric acid undergoes no diminutinn. Tlic 
reduced coppei is not aeti»d on by the bulphuric acid, but is oxidized by the atm. 
oxygen, and the coppei oxide dissrrlvcs to form copjier jihnsphatc, whii li is tin n 
reduecd to phosphide. The dark iilm on the phosphorus is produced in a sniii 
coiilniuing only 1 gram-mol. of crystallized copper sulphate in 100,000 litres of 
water, and at a dilution 10 times as great the film is produced in the course uf two 
months, F. Tauchert found hypophosphorous acid among the products of the 
reaction. J. B. >Spndercns found red pliofiphoms forms cupper phosphide when 
in contact with a soln. of copper nitrate; and A. Granger, with a soln. ol 
copper phosphite at JIXi ; and it also reacts with a soln. uf copper ehlonde. 

li. M. Bird and S. 11. Diggs said that the main reaction of phospliorus on roppci 
sulphate consists in the transfer of positive charges from copper ions to tin* 

phosphorus; 5Gu"+2P=2P and the immediate reaction of tlji* 

phosphorus ions to form phosphoric acid. They found the ratio of the number id 
atoms of copper precipitated to those of phosphorus oxidized approximates 5 : 
The phosphorus present as lower acids and phosphide is produced by secondary 
reactions. 0. J. Walker showed that when a stick of phosphorus is placed iu a 
soln. of a copper or silver salt, a reaction proceeds in two distinct stages. The first 
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process is the formation of a black phosphide on the surface of the phosphoms; 
at the Hame time, the solu. is found to contain phosphorous acid. After a layer of 
the phosphide has been formed, metal begins to be deposited in a bright crystalline 
state, and phosphorus is oxidized to phosphorous and phosphoric acids. During 
tin’s stage, approximately 4 eq. of the metals arc deposited for every atom oi 
phosphorus oxidized. The furmatiou of a phosphide is due to the prior production 
of phosphine by the a ction of phosphorus on water, another portion of the phosphorus 
being sinmltancously oxidized to phosphorous acid. This is evidenced by the exact 
pniallelisin which exists between the actions of phosphorus and phosphine on salt 
fir)] 11. of file heavy inetdls ; only those metallic salt soln. which give phosphides by 
the action of phosjilnnc arc able to react with phosphorus. In confirmation, 
(\ F. (Yoss nnd A. K. Higgins found that boiling water wa.s decomposed by phos« 
|)li 1)1 us, wh irli was jiartly reduced to phosphine and partly oxaiized to oxy-acnls, and 
tliiit, in the absence of oxygen, decomposition of the water took place only in the 
ubsencR of certain ructallic baits. 0. J. Walker therefore suggests that the first stage 
111 the action of |>lios]ihnrus on the metallic salt takes place as follows (M and X 
reprc.siMiting an eq. of the jiositivo and negative radicals, respectively) : L^P+3H.,0 
-IMlafllaPOg, followed by iJMX^PMa 1 MIX. The appearance of'a 
depoMl of the nietal evidently depends on the preliminary formation of the 
IfiiDspliide. It ])Q>' already been shown that the phosphides of silver and of other 
metals arc ca])able of leacting with cx( e^^s of the melrtllic salt to give the metal and 
pho^])llo^ic acid. The sei nnd stace, therefore, appears to be M3p-|-r‘MX-f iHgO 
h\i-l-rj}lX-] ll.iPn^. According to these equations, 4 eq. of the metal should be 
dcjKi.dtod for every atom of phosphorus oxidized, and this was the ratio actually 
<ti«t!iiTicd with silver and cop[>cr salts. The amount of phosplioiuus acid, however, 
wa^nl)mowhdt greater than that required by these equations. It is quite possible 
llial this may be due to the following reaction proceeding to a small extent : 
il3P'( ,‘iMX-|-3ll20'-fJMf3TlX 1 JljPOj. This reaction consists essentially in 
the rliseharge of po.‘iitive metal ions while pho'iphorus become'^ oxidized, i.e, loses 

fleet roiH. The ionic proces«f ra.iy be represented as MjP+riSr- SM j-P , the 

priMtive p)jo.s[)liorus ions reiif'ting immediately with water to form phosphoric acid. 
Ai'iording to this view, tlie l'""dons constitute an intermediate stage in the 
tr.iii^iti(»u from j)ho.«iphido to phosphoric acid. The di'^clmrgc of M'-ions and the 

fnrnifilinn of P -ions may occur at points widely separated from one another, 

providerl that a inptullic conducting imth be available for the passage of the necessary 
electrons. 

P. Wohler, A. Vogel, W. AVicke, and R. Bottger found that ordinary phosphorus 
rcrlucf^s solu. of silver salts to the metal, and W. Wicke, that a stick of phosphorus 
wrajipcd with silver wire and placed in a cone. solu. of silver nitrate gives lu the 
course of a few weeks crystals of silver, while the phosphorus acquires a film of silver 
pliDspliidc, J. Philipp showed that if phosphorus and silver nitrate sola, acidified 
^'ilh nitric acid be boiled, phosphorous and phosphoric acids and silver subphos- 
pIiMlc Hrc formed. T. Polork and K. Thiimmel found red phosphorus docs not act 
a cone. solu. of silver nitrate bke yellow phosphorus, but it forms free acid 
and silver phosphide; J. B. Sendenms represented the reaction; 5P-|-10AgN03 
d Hli20==10Ag-i--lM’O4H10llNiy3 — vide supra, for 0. J. Walker's observations 
^!^th copper and silver salts. L. Roaonstein found silver salts soln. are reduced to 
phospliidc in a few minutes when boiled with red phosphorus. A. Gfraugei observed 
no nviftioti between silver chloride and red phosphorus, similarly also with gold 
™onde ; but L, Kosenstcin found a few minutes' boiling with rod phosphorus 
orina insoluble gold phosphide. B. Renault found that phosphorus vapour 
a red>hoat transforms zino Cubonake into zinc phosphides, and that it acts in an 
analogous way on oadmxttm oaibonato* J. Nioklba also showed that a soln. of 
I^^phorus iu carbon disulphide precipitates zinc pho.s])hide from soln. of liiio 
found that cadmium salt soln. are not rodured by boiling 
^ h red phosphorus. A. Granger observed that red phosphorus does not react 
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with cadmium ehkvidft or with mercoilo ohlinide ; but ii the solo, of a mercurir 
or mercurous salt is boiled a few minutes with red phosphorus, L. Rosenstein found 
that the salt is reduced to mercury. According to J. L. Gay Lussao and 
L. J. Thenard, yellow phosphorus forms phosphorus trichloride when it reacts with 
mercuric chloride ; and C. Lowig observed that phosphorus bromide is formed when 
the vapour reacts with mercuroiu 01 merouiic bromide. F, Venturoli found that 
a yellow precipitate is formed when phosphorus acts on an alcoholic soln. of mer- 
curic iodide ; 6F+8Hgl2=::4PT3TTg2+2Pl2. A. J. Cenedella observed that ycllo\^ 
phosphorus becomes hot when mixed with mercuric cyauidet and, if an explosion 
does not occur, a white sublimate may bo formed. A. Granger observed that when 
heated with staunoue BUlphidBi red phosphorus forms the complex SnP.^SuK 
analogous compounds are not produced with the sulphides of gold, cadmium, lead, or 
antimony. Red phosphorus does not react with BtannouB chloride. L. Rosen'^toin 
found stumic salts are partially reduced to stannous salts by a few minutes’ boiluii' 
with red phosphorus; but statinous salts are not reduced. F. Wohler, A, Vogel 
W. Wicke, and R. Buttger found that lead salts are reduced by phosphorus to lead, 
and lead phosphide. W. Wicke found that when lead wire is wrapped on a stick nf 
phosphorus, and immersed in a sola, of lead nitrate, a black film is deposited on the 
phosphorus, and lead crystals are formed. J. II. Gladstone observed no pho<iplii)ui , 
trichloride is formed when phosphorus acts on lead chloride; and J. W. Slater 
found that when phosphorus is boiled with a soln. of lead nitrate, some le.m 
phosphate is formed. L. Rosenstcin found that soln. of lead salts arc not reJiu < il 
by boihng with red phosphorus. 

G. Dragendoril showed that phosphorus reduces fused boraz to borou 
H. Moissan, that phosjihorus reacts vigorously with boron iodide ; W. Ramsa} iiiui 
R. W. E. Macivor, that soln. of phosphorus and antiinony tricldoride in raili'iii 
disulphide form antimony phosphide. L. Rosensteiu found that soln. of per- 
mangHliateS are reduced to manganous salts by a few minutes’ boiling witli n i! 
phosphorus; J, W. Slater observed that potassium permanganate sola, is rerliucil 
by yellow phosphonis to manganese dioxide ; potassium chiomate and dichromate 
at ordinary temp, slowly form chromium phosphate; copper chromate forj. 
copper, copper phosphide, chromium phosphate, and phospliftrous and ]jbcih])liuri( 
acids ; but 1^ chiomte is scarcely affected when boiled with phosphorus. E. Ko]if» 
noticed that potassium dichromate soln. is reduced by phosphorus in Biiiiliglil, ur 
by warmth ; and A. Stiassny found that when phosphorus is burnt under a bell j.ir 
in the presence of a soln. of potassium dichromate, soiuo of the dichromate is rciliu r <1, 
possibly owing to the formation of hypf>phosphorous acid. A. IScbrbtter said an 
soln. of potassium dichromate does not act on red phosphorus ; but combust urn 
occurs when the dry salt is triturated or heated with red phosphorus. L. 

Bt«in also found that soln. of dir*hromates are reduced to chromic salts by a 
minutes’ boiling with red phosphorus ; under similar conditions, mdlybdates furiii 
quadrivalent molybdenum salts; and vauadateSi tervalont vanaebum 
A. Granger found that red phosphorus reacts with nkkel chloiide» cobalt cbioiide. 
and with hnic Chloride ; and J. II. Gladstone showed that with yellow phosphoiu^ 
ferric chloride forms phosphorus trichloride. I. W. Hchmoss found that on 
an alcoholic solo, of nickel nitratbi sat. at 20*’, with yellow phosphorus, n 
green precipitate of nickel triphosphate, NiHgP 30 xo> 3 H 20 | is formed. L. Uo^ou- 
stcin found ferric salt soln. are reduced to forrous salts by a few minutes’ biuLiii? 
with red phosphorus ; pallflHiiitn galtg and osmimn idb are reduced to ^ 
or phosphide ; iridic salts to iridous salts ; but cblorcplatinste^ are but sluu y 
reduced. , , 

The physiological action of phosphoms.— Yellow phosphorus was 
used largely in the preparation of lucifer matches, and the workman exposed to | 
fumes suffered from necrosis or rotting of the bones of the uotot and 
of the lower jaw— jiAossy-j'ais. The use of red phosphorus and improved hyg*t 
conditions have done much to minimize the risks of chronic phosphorus poiso a* 
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Phosphorus vapour or rather that of phosphorus oxide— vitfe supra — acts locally 
uu bone tissue wherever it is exposed ; so long as it is covered with mucous 
membrane, the bone is not attacked. The vapour finds its way to the bone 
tfirough decayed teeth, or the space left where a tooth is absent. The bone is first 
,l1 tacked with periostitis, and then with necrosis, which may spread far from the 
pDint originally attacked. The general health is then broken dovrn. In healthy 
Mil)jopts. apart from its action on exposed bone, phosphorus vapour in the atm. of 
,\ riiiitch factory is not considered to be a toxic agent ; the phosphorus absorbed is 
largely eliminated with the urine, and there may bo slight albuminuria with no other 
peir cptiblo jiathological disturbance. 

Acute pbi»sphoru8 poisoning occurs when mixtures containing phosphorus are 
allowed —c, 7. vermin-killers or rat-pastes; and match-heads made with yellow 
[)|ji)Hf)horus — through an accident, as when children suck and swallow the heads of 
matrlics, when a pho'^phorus rat paste, or a mixture of matt^h-hcads and water is 
s^s allowed as a means of committing suicide, or with the object of prucuTiiig akoitiou 
by ])ri‘snant women. Finely-divided phosphorus can be absorbed as such without 
{tL(^\ iously being oxidized, immediately after swallowing, a disagreeable taste may 
III' i>\pcrienccd ; there may be intense pains in the throat, gullet, and stomach : 
iLtili’iig and vomiting may follow; the throat and tongue may swell; aud the 
lire it h may become phosphuroseent. These preliminary symptoms may be delayed 
!i number of hours. Uastro intestinal irritation occurs — nausea, abdominal pain, 
ami vomiting ; the vomited matters may smell of phosphorus and be luminescent, 
'riiei (' may be genera] depression ; diarrhoea is rare. The subject may die of collapse, 
01 inav apparently recover ; but in a few days, jaundice appears. Ueneral prostra- 
tion follows, the liver is enlarged, aud the abdomen distcuded. There may occur 
lii'<pii'iit vomiting of altered blood, diarrhoea with bloody stools, skin affections, 
rt‘UMiti(iti of urine, Hlecplc.ssness, aud headache. There may follow acute delirimn 
.ind flavor, coma, aud death, or coma may set in aud death foUow in sleep without 
(bdirium. A. Turilicu^^ that acute poisoning by phosphorus is sometimes 
lapiil, Homctiincssluw; and the symptoms may take three distioct forms— a common 
foiiii, a nervous form, and a hemorrhagic form. In certain cases, these three forms 
niav Miccced each other, and may only coD^titutc periods of poiboning ; but each 
mu) blow itself alone, and occupy the whole course of the illucbS produced by tbo 
poison. In the nervous form, there are strange creeping sensations about the limbs, 
li.iiuful cramps, rei>eated faintings, great somnolence, jaundice, acute delirium, 
lot Ijaw, convulsions, and death. In the haemorrhagic form there is a great effusion 
of blood — nose, mouth, bbidJor, kidneys, and btmcls. The Incr swells, and is 
ji.iiiiful ; there is great bodily weakness, and death may occur months after the 
j ‘Olson lias been taken. Uccovery from phosphorus poisoning Juis occurred after 
l-ti grains have been taken in the form of rat-poibon, but 1{ grains have proved fatal. 

In phosphorus poisoning, the proportion of blood corpubclcs is increased. 
Numerous investigations Lave been reported on the subject. In general, the 
plinsphorus stimulates metabolic changes as shown by the iucreased proportion of 
sulphates, phosphates, and nitrogen in the urine. The nitrogen comes from the 
excess of ammonia formed in the protein tissues ; and appears in the blood neutrolix- 
mg the lactic and acetone acids which appear in the blood because the phosphorus 
prevents the complete oxidation of glycogen, fat, and other iion-nitrogenous pro- 
ducts from the breaking down of the piotoins. The fat is partially deposited in the 
hver and muscles and leads to fatty degeneration of the iia.sueA. K. Schcnck found 
lhat scarlet phosphorus is not poisonous ; aiul M. de Vrij, aud A. Postaus, that dark 
red phosphorus is likewise non-toxic, H. Kohler and H, W. Schiinpf, aud L. E. Jonas 
Raid that turpentine is an antidote for pliosphorus poisoning because it produces 
au inert complex, but V. Plavec deuied the effectiveness of the alleged antidote. 
y co-workers, 0 , Loew, II. Schmidt, T. Bokorny, M. Tsvett, and 

the action of phosphorus on plants. 

^ UM oI pllfMphoniAr--Phosphorus is employed in making bronzes, and for 
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hardening alloyB,^^ when it is added in the form of copper phosphide ; it is used in 
gas analysis; and it has been used to a small extent m^cinally as oleum 
phosphoraiufnr^A soln. of one part of phosphorus in 96 of almond oil— and as 
pUulaphosphori-^ei, mixture of china clay, fat, and thoobroma oil with one per ceht. 
of phosphorus. TcUow and red phosphorus are chiefly employed in making 
matches. H. W. Walker discussed its use in making smoke screens. 
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S 8. The Atomic Weight and Valency ol Pboaphonie 

rhos])horu8 behaves both as a tervalent anil as a quinquevalent element. Aa 
vith nitrogen in ammonia, NIIj, phosphorus in phosphine, Pllj, is clearly tcrvalent, 
tiiid all attempts to isolate phoBphoiuum, PH|, analogous with ammonium, NH4, 
h-i\e proved abortive. In phosphorus trichloride, P(l3, the clement m tcrvalent, 
hnt F. A. KekuU ^ argued that in phosphorus pcntachloride, 1^5, jihosphorus is 
btill tcrvalent, and that the pentachloride is a molecularly associated compound, 
PClj.Cl2, because when heated, the molecule is dissociated; PCl5=PCl3+Cl3. 
A. Wurtz, however, showed that if an excess of trichloride be present, the penta- 
clJoride can be vaporized without decomposition . and H. B. Baker's work showed 
that if the thoroughly dried pentachloride were vaporized its dissociation would 
he inappreciable. All this means that F. A. Kokul^’s hypothesis is untenable, 
and that the phosphorus is quinquevalent in the pentachloride, as T, E. Thorpe 
Rliowcd to be the case with the pentaflunride which can be vaporized without 
decomposition. Following on the same argument, phosphorus appears to be 
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septayalent in E. Baadrimont’B bexaohloroiodide, PClel? BBd in A. Miohaelia' 
tiichlorotetrabromidei PC]sBr4 ; and undedvalent in M. PrinvanlfB and Miebadia’ 
trichloroctobioniide, PClaBrg. The difficulty is here overcome by assuming, as 
in the analogous case of nitrogen, that the valencies of the halogens are greater 
than unity, so that the maximum valency of phosphorus is five. From the thermO’ 
chemical data, J. C. Thomlinson argued that phosphorus is quadrivalcnl 
A. A. Blanciiaid assumed that the non-polor valency of phosphorus in its penta 
chloride is five. A. Bilecki, A. P. Mathews, T, M. Lowry, H. Goldschmidt, and 
K. De discussed the valency of phosphorus. 

The molecular {ormulec of the tri- and pent-oxides are respectively P4OB and 
P4OX0BB shown respectively by T.E. Thorpe and A.E.H. Tuttpn,and by W. A.Tildcn 
and B. E. Barnett. It is assumed that the phosphorus in the trioxide is tcrvalent 
because hydrogen chloride converts the oxide into phosphorous chloride, FCI3, 
and phosphorous acid, r(OH)3 ; while phosphorus in the pentuxide is assumed to 
be quinquevalent because water converts the oxide into phosphoric acid, 0 : r(OH)^. 
Since water converts phosphonia tetroxidp, F2O4, into a mixture of phosphoroii^i 
and phosphoric acids, it has been argued that one plio^phoiu*^ atom is torvalcnt, 
and the other quinquevalent. In the alleged phosspliorus tebritoxide, Tfi, nf 
A. Michoelis, the phosphorus is a.ssuiued to be tenaleiit : 


Two isoiners with the empirical formula were prepared by 

A. Hichaelis and W. la Coste. The properties of neither agree with the foniinl.L 
V(i^oH5)2.CgIl4.0H. The one— phenoxydipheiiylphosphine— j>repare J by the 
adion of diphenylchlorophosphme on phenol, (OflTIghd'Cl-t Jli 1 

-f(CgHg)2F.0.C8H6, is a thick, oily liquid, and the other -triphenylpliosjJiiui 
oxide— prepared by the action of water on triphenylhromophospliine bromnlc, 
(Cj|H6)8pBr2+H20=2nBr-f (CjHglgP : 0 , is sobd with the m.p. \\ ith 

this interpretation, phosphorus is tcrvalent in the one case and quinquevalent in 
the other. In the cycb-totramethylenephenyl pboiphine 
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of E Krause, the pliovj'horus forms the fifth member of a heterocyclic system. 

Assuming that tiip bp. vol. of plio<«phoTUFt is coubtant, I'. E, Tliorpe argued lh.1l 
the phosphorus in phosphoryl chloride, FUCis, must )»e tervalont, and the molerult^ 
unsymmetricdl Cl.O.FUL, and not 0 : PClg; but W. Ramsay and 1). 0. Mas'^on 
showed that the assumption is not just ili^, for evidence, deduced from otiur 
elements, indicates that there is a change of sp. vol. in passing from singly to doubly 
linked atoms, it. M. Caven tried to demon.stTutc t hat the three valencies of tervalent 
phosphorus lie in one plane as in the analogous case of nitrogen ; and he inforrcil 
that the centres of gravity of the three chlorine atoms lie at the angles of .ui 
equilateral triangle ; and if an imaginary line is drawn through the centre of this 
triangle and at right angles to its plane, the centres of gravity, both of the ])lirjs- 
phoruB atom and of the oxygen atom arc situated in this luio. The question 
whether the phosphorus atom lies in the same plane as the three chlorine aiouis 
remains undecided. The expectation that phosphorus should yield optically 
active derivatives, as in the case of nitrogen, has not been realized. K. M. (*avcii, 
and A. Michaelis were unable to obtain activity with compounds of the tyj^e 
PRiI^RgltiX— and the latter thinks it possible that the failure was due to im* 
poisonous action of the compounds on the ferments employed ; but L. Lichtenstaut 
obtained (CH3)(C2H5)(C5H5)(C0H5.CH2)PI, as a bromocamphor sulphonate, whu 
was dextroTotaWy. J. Mcisenhcimei and L. Lichtenstadb prepared optically activi 
phenylmethylcthylphosplime oxide, 0 : P(CH3)(C2H4)(C2H5). 

A. L. Lavoisier's ^ measurement of the increase in weight which occurs when 



PHOSPHORUB 


801 


phoiphorao u fully oxidized eoReaponded with un at. wt. 28 (oxygen, 16) ; 
H. Davy’s, 26*2 ; T. Thonuon'a, 24:-5 ; and V. Rose's, S5, J. J. Berzdinz at first 
(rave 26'B, and later 31 ’36. The value approximating 31 is in harmony with the 
gas density law, the ap. gr. rule, the law of isomorphism, and the periodic law. 
J. J. BerzeUns’ value 26*8 was obtained from the analysis of the phosphates ; and 
from the ratio 3F : 5 An obtained by precipitating gold from eoln. of its salts by 
phosphorus he calculated the at. wt. 31’56, and from the ratio F : 5Ag, 31’32. 
P. L. Dulong obtained the erroneous result 27*3 from the ratio P : FCI 3 ; J. Felouze, 
32-3 from the ratio PCI 3 ; SAg obtained by titrating phosphoros tricUoride with a 
standard soln. of silver nitrate, while V. A. Jacquelain did even worse, obtaining 
from 19'7 to 4S’7 — results which A. Bchidtter proved to be quite valueless. 
A. 8 cbrotter burnt phosphorus in oxygen, and from the ratio 2 P ; F 2 O 3 , calculated 
;U'i)3 for the at. wt. of phosphorus ; J. B. A. Dumas titrated phosphorus trichloride 
with silver nitrate, and calculated from the ratio PCI) : 3Ag, 31 >04 ; J. D. van der 
Pluats from the ratio P : BAg, obtained by treating a soln. of silver nitrate with 
phosphorus, calculated 30-93 ; from the ratio AgsP 04 : 3 Ag, 30-99 ; and from the 
ratio 2P : PxUi obtained by oxidizing phosphorus, ho calculated 30*98. 
(i. F. Baxter and G. Jones calculated .31*02 from the ratio SAgBr : AgsPOi, with 
the at. wt. of silver 107*8G. G. Ter*Gazarian measured the density of phosphine, 
and hence calculated for the at. wt. of phosphorus 30*098. Considering all the 
a vailable reliable determinations, F. W. Clarke gave 30*925 as the best representative 
value ; B. Brauner, 31-0 ; while the International Table for 1925 gives 31*027. 

The ttomic munlMC of phosphorus is 15. According to F. W. ABton,^ there 
i.s only one isotopb of phosphorus with an at. mass 31. E. Rutherford and 
J. Chadwick, F. Chalfin, G. Kirsch, and G. Kirach and H. Fettersson, found 
ciidcnce of atomic diamtogntum when the atoms of phosphorus are bombarded 
by a-particloa from radium. N. Bohr represents the dectronic stmctlin of the 
atom, to show the number of electrons in the different orbits thus : (2) (4, 4) (2, 2, 1). 
C. G. Bedreag, II. ColUus, L. finininghaus, T. M. Lowry, J. U. W. Booth, 
J. II. .lones, U. G. Grimm and A. Sommerield, H. Leasheim and R. Samuel, 
C. D. Niven, M. L. Huggins, B, Rosen, R. H. Ghosh, S, C. Biswas, and H. Buigarth 
made observations on the electronic atructure of the phosphorus atom. 
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S 9 . Hydfogen Tiitaph08pliide» or Fhoophoms Trihydiide, or Phosphine 

The artlon of hydrogen on phosphorus, and I. Langmuir’s^ observation 
tliat activated or atomic hydrogen reacts directly with phosphorus, forming 
phosphine, have been previously discussed. In 17 S« 1 | P. Gcngembre discoveriMl 
that when phoaphorus is boiled with a soln. of sodium or potassium hydroxide, 
a gas is evolved which is spontaneously inflammable when exposed tu air, 
he called it gas phosphorique ViJIammable. Boon afterwards, but indepoiirlentl\, 
R. Kirwan obtained the gas in a similar way ; he called it pho^phatir hqmftr 
atr ; and considered it to be ** phosphorus in an aerial state.’’ In 
J. lif. Riiymoiid prepared it by heating phosphorus with slahed lime ; and 
next year, G. Pearson obtained it by tho action of water on the caluuin 
phoi^piiide obtained by heating (juicklime with phosphorus in a luted ves<^el. In 
179 ( 1 , P. Pelletier had obtained a gas not spontaneously inflammable in uir hy 
the action of heat on phosphorous acid. There were thus two pbospliahr 
aits,” and the text-books alniut that time ■e.q. (’. Girianner, AnfaitipqruDfle 
der aniiphliHpi^tiscJicn Vhemie (Berlin, 17112 )— called the giuses pbinphunnd 
hydrogen. The nature of the gas was established by II, Davy, wdio showed tint 
its comprjMtion is analogous with that of ammonia. The cojiipohitions of 1 Ih‘ 
spontaneously inflammable gas, and the one which rlocs md so inflame, were llu 
same. P. Thenard showed that the cause of the spontaneous inflammability of 
the gas in air is due to the presence of a different phosphorus hydride as ini])urity 
This constituent is liquid at ordinary temp. In 1826 , J. B. A. Dumas showed tli it 
while the non-.spontaneously inflammable gas has tlie empirical composition I'lL, 
or hydrogen tiitaphosphide— ^-ommonly called phosphiiie- the empirical rurn 
position of the spontaneou.dy inflammable constituent is PH2, or hydrogen hemi- 
phoqihidev Pnlli, (PH2)2. D. J. J. Leverrier in lASb discovered a solid 
phosphorus hydride, which he repreBented by the formula PH, but V. Thf'iiunl 
showed that it is a hydrogen diphnephide, P4II2, or (P2ll)!i» or, accordnij! to 
A. Stock and co-workers, Pi^Uo, ».c. (PgH)®, and II. Henstock asaumeil that tin** 
compound contains tervalent phosphorus, alternately ^nd with tho img 
Btructore ; 

H H 

H-P-P«P^P-P -P 
H-P-P^P-P-P-P 
H H 

These workers also obtained hydrogen Pe^Sf by the artion 

of heat on the diphospbide. L. llackspill abo reported the solid hydrogen hemi* 
pentaphogphide, P6H2, to be formed by beating the henuenneaphosphidc m 
vacuo at 80 ^ or by the action of dil* acetio acid on the corresponding alkali 
phosphideB, 

Borne otber hydrogen phosphides have been reported. Thus, T. A. Commaill® * j“'P' 
posed to be foniied by the aotioii of aq.aaunonia of Bp'gv 
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on ordiuiTi Imt sot ea nd phoophonia ; but ihii bw not batn eongnue d— otf o ittpm, 
aotioii of M. n mn i oni n oa phoophonu. N. Bloadlot mid thad nd phoophonv ii ptudnoed 
by the OiCtion of ammonia on ordinaiy phoaphorua ; and F. A. that an 

of phoephorona oxide ia fonned. O. Janaaen alao reported a oryatamne hydrogen diiriia- 
ynosphtde^ P|Bb, to be formed in hexagonal priama when phoaphonia ia boiled with milk 
ot lime. Thia report haa not been veiin^ 

The purious natural phenomenon known aa ignis faluus [ignis, fire; JiUuuSf 
wild, silly), or in Francey^/oUeto, often manifesta itself aa a more or less transient, 
llirkering, ‘‘ light, spirituous flame dancing on the heath,” and it has been frequently 
Ti ported to appear in darkness over peat-bogs, swamps, marshy districts, lagoons, 
(lump cemeteries, recent battle-fields, stagnant waters, etc. The ignes fatui were 
at one time thought to be manifestations of the supernatural, and were called in 
Kcoiland df-candles or df- fire— in allusion to the elves or mischievous sprites which 
tlip superstitious believe haunt the wild places where the phenomenon usually 
Liocurs ; in Wales, corfBe-oanHes — ^in reference to their frequent appearance in 
rf^metcries; and in England, Jack-o^larUerns or in allusion to 

rustic fairy talcs. Some rather brilliant displays have been reported at various 
tJiJic 9 . The phenomenon is not to be confab with the light from luminous 
iiHfCts hovering over marshy grounds. The general idea is that the ignes fatui 
aro due to the spontaneous ignition of bubbles of gas containing traces of phos- 
pliuretbcd hydrogen evolved, along with other gases, during the decomposition of 
animal substances under water or in damp soils. Bubbles of gas no doubt escape 
Hi the day as well as at night, but the feeble light which is emitted when a gas 
iiubble euulainiDg a little pbospburetted hydrogen comes in contact with the air, 
1^ \i3ible ouly in dusk or in darkness. In support of this B. von Dybkowsky ^ 
' 11(1 that phosphine is produced when dried blo^ or gastric juice is kept at 
iiif a long time ; and A. Gautier and A. Etard, that it is produced during the 
]iiitreraction of proteins. E. Pozzi-Escott observed that the hydrogenation of 
]ilinhphoras to phosphine occurs when hydiogenases act by diastatic fermentation 
nil the element. J. N. Lockyer found phosphine amongst the gases expelled when 
Miinc minerals are heated in vacuo. W. Steffens reported that the mortar in one 
ji.til of an old building gave phosphine on treatment with water. The phosphine 

s.iid to have been derived from ealrium phosphide thought to have been formed 
finm the calcium phosphate originally present, being reduced electrolyticaUy 
finiLi a short circuit. 

The fomiAtian and prepantian ol phoephine. — The modes of preparation 
arp sometimes divided into (i) those which furnish the spontaneously inflammable 
gits. i.e. the gas infiames when it comes in contact with air at ordinary temp, and 
f^ress. ; and (ii) those which furnish the non-spontaneously inflammable gas which 
t H k(>s fire only at an elevated temp, or under a reduced press. Since these divergent 
qualities are determined by the presence or absence of traces of hydrogen hemi- 
]ihi)sphide, (riIo)2, and since this impurity may or may not be removed from the 
gas by suitable treatment, there are no essential differences in the modes of 
prppHrntlon of the spontaneously acoendible and non-accendible forms of the gas. 
T. (iraham^ made a special study of the conversion of the spontaneously iuflam- 
malile gas into the non-accendible form. He said : 

Tile accendible fonn of the gas passes into the other one when it is confined over water 
containing air— no {Uioephonu is produised during the conversion— the presenco of cork 
or gypBum with air in their pores eufBces for the conversion. The presence of about 
r> \ cils. of hydrogen ; 2 vols. ol carbon dioxide ; 1 voL of etliylone ; 0’6 voL of hydrogen 
fiulphide ; 0-2 vtiL • 0*1 voL nitrio oxide ; 0 05 voL hydrogen chloride per vol. 

oi phosphine destroys the spontaneous inflammability of the gas— the mixture with 
+ oxicie givee red fumes in sir, and a mixtuxe with 0*05 vol. of nitric oxide 

THkea five with a kind of dei^tion while the bubble is rising in sir. When the sides of 
the (‘ontoinmg vessel are moistened with cono. phosphoric, sulphuric, or arsenic acid, the 
eouvorsion oeSun in 2-2 minutes ind Uie change is attended by a mutual deoompositioii. 
ArKonio^ scid acts quickly, so does mercurous oxide ; but potiw-lye requires some houis 
U) do the work. Potassium alone, or in the loim of on amalgam with one part (ri 
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potaMiiiiik in 360,000 parts of EDSrcury, destroys the spontaneous inOammability in a frw 
miniitea Freshly ignited charcoal quenched in mercury, not water, adsorbs a large 
proportion of tlio gas hut renders the remainder not spontaneously inflammablo in half 
an hour ; when tho charcoal is heated, tlio evolved gas is the nnii-acoendible form ; burnt 
clay acts similarly. Spongy platinum, mercuric oxide, and a holn. of ferrous sulphate du 
not destroy the quality, 

J. B. A. Dumas thought that the gas which is readily acceudible has the 
composition PH^, and that which is not so, the composition PlI^ ; but H. Rose 
showed that this hypothesis w wrong ; tho density and composilion of both gases 
are the same. T. Graham concluded that the spontaneous inflammabihty is due 
to the prewnrc of some impurity- probably a lower oxide of phosphorus, not 
nitrogen trioxide. U. J. J. Levcrrier said that the impurity probably another 
hydrogen phosphide— P 21 T 4 - and P, Thenard proved that this hypothesis is pro- 
bably correct, although M. Bunet y Donfil tried to show that the inflammability is 
probably due to the presence of jihosphorus in both gases but in different Mtiiies. 
J- IV. Ketgers, D, Amato, etc., pstnblished the ongiiml suggestion of 
U. J, J. Levemcr, and P. Thenard, 

The mo'it difficult impurity to eliminate is hydrogen, which is nearly ulwa\^ 
formed simultaneously with the phosphine. G. Ter-Gazarian found the most 
effective method of purifying the gas from traces of other hydrogen phnsjihiiles, 
and from hydrogen is refieati'fl liquefactiou and fractional distillation of the lifjuui. 
P. M. (i, Johnson recoinnipnded alumina, dehydrated at a low temp., as a desiccating 
agent for t)ie gas. 

The impure, .spontaneously inflammable gas w.is prepared by P. Gcngenibrc by 
boiling a cone. soln. of potas&ium hydroxide with yellow phaspliorus. A aimiLir 
process was employed by R. Kirwan, J. B. A. Dumas, T. Weyl, T. A. (’ommaille, 
R. Schenck, H. Rose, and F. Brundstatter. The reaction wan studied by II. Kom‘, 
who found that some gas is given off even at lb\ The main reaction taking 
place when yellow or red phosplioru.s is boiled uith potash-lyo results m tlie 
formation of potassium hypopliosphite and phosphiiie; 4P-I-3KOII 1 .'tllj) 
- 3 KILPO 2 +PH 3 , some hydrogen hemiphosphide is formed by a side reai'tion 
CP ^-4K0H-f 4 H 20 = 4 KnjiV 02 -r 1 2 H 4 ; purt of the heDii|»hosphidc may deeoin 
pose into the dipho^^jihide, P^nllj j I 8 PII 3 . Much free hydrogrn i" 

associated with the phosphine. According to J. B. A. l)uma.s, it is difficult to 
make phosphine by this process without, sjy, fjfi per cent., or, arconling tt) 
A. W. Hofmann, fiS per cent, of hydrogen : 2 P -1 2 K(UI-j 2 H«()- aKHoPO.j ^ IL, 
less hydrogen is formed the greater the cone, of the alkafi lye. According to 
P. L. Diilong, near the end of Ihe reaction, more hydrogen is formed by tiir 
oxidation of the hypopho.splntc to phosphate : KHjPO 2 4 - 2 H 20 -KH 2 PO 4 -|-liHj, 
and to pyrophosphate : 2 Kll 2 P 02 + 3 HgO~ 4 ll 2 -f-K 2 H 2 p 2 (> 7 - It ha-s also been 
suggested that potassium phosphide, KjP, and phosphorous acid, P( 01 I) 3 , arc 
first prcMluced : 4 P+ 6 KOH-> 2 K 3 P-i- 2 P(GH) 3 ; and that the phosphorous ami 
reacts with the excess of potassium hydroxide always present, forming potassium 
monohydrogen phosphite; 2 P( 0 H) 5 + 4 K 0 H-^ 2 K.,HP 03 -f 4 H 20 , while the polas- 
aium phoaphide reacts with water; 2 K 8 P+ 7 H 26 -^PH 3 KH 2 P 02 +r)K 0 IM i)”?- 
The main action of phosphorus on boiling potash-lye is then symbolized by mm 
biniiig these equations into one: 4 P+r)K 0 H-f 3 H 20 -^PH 3 -t- 2 H 2 -f 
-f‘ 2 K 2 HPQ 3 . T. von Grotthus regarded the mi^ure of gases produced by the 
action of potash-lyc on phosphorus as a special gas which he called PhosphorkM n- 
f/xuserstoff jqs. Other alkali hydroxides can be used. W. R. Hodgkinson Mid 
that the reaction is not hindered by glycerol. In place of alkali-lye, J. M. Ray- 
mond used dry calcium hydroxide, but H. Rose showed that a greater proporU<'*j 
of hydrogen is then formed ; and J. B. A, Dumas, using milk of lime in place of 
alkah-lye, obtained a gas with 89-90 per cent, of free hydrogen. HydroxidcH of 
the other alkaline earths, or of zinc or iron (ous), can bo used. The following ® 
modeniized form of P. Gengembre's experiment ; 
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A roDo. lola pf lodium or potaBsiam hydroxido and yellow phoephoma ia placed io 
Mie daak fitted with delivory tube, etc. A cumnt of an inert ^ — ooal gas, hydrogen, 
or carbon dioatido— is ftret hd through the apparatus to drive out the air ; or, ae reoom* 
minded F. Brandathtter, a few drops of ether are introduced into the flMk, and as this 
vaporises it drives out the air. If the temp, of the mixture be raised very slowly the 
cxpulRion of the air in this way is not neccaeary since the oxygen is removed by the first 
Liiibbles of phosphine. E. LOwonhardt fills the generating fiask to within ** 4 o.o." of the 
Rtopfier. The mixture in the flask is then heated. The phoaphorua reaota with the 
alkaii'lye, forming alkali hypophoapliite, and gaaeoua phosphine, Baaociated with some 
impiiritiea. The mixture of ge^ ao prepared ia aometimoa called phoaphvretted hydfogtn. 
Each bubble of gas riaes to the aurfaco of the water, and, when it cornea in contact with 
Ihn air, ignites with a alight explosion and bums with a brilliant flash of Light, forming a 
vortex ring of phosphorus pentozide. 

The degree of the spontaneous inflammability of phosphine depends upon the 
conditions under which the gas has been prepared. In all methods for making 
phos(diino, excepting the phosphonium halide processi A. W. Hofmann found 
that the gas may contain up to liu per cent, of hydrogen, while the action of potash- 
lyo on yellow phosphorus gave a gaseous mixture of phosphine with HO to 90 per 
cent, of hydrogen, cone, alcoholic potash-lye gave a mixture with 55 per cent, 
of hydrogen. It does not appear possible to prepare a gas with more than 50 per 
ci^nt. phosphine by the action of aq. or alcoholic potash-lye on phosphorus. 
11. Kose showed that the gas obtained by the action of alcoholic potash-lye on 
yi'IIow phosphorus is mixed with hydrogen and alcohol, and is not usually spon- 
tanpously inflammable ; and W. K. Hi^gkinson showed that an alcohoUc soln. 
uf sodium olhoxide acts on yellow phosphorus, giving a fairly pure gas which is 
not .spontaneously inflammable. P. Thenard, and D. Amato showed that phos- 
jiliuretled hydrogen loses iti property of spontaneously inflaming in air if it be 
treated with cone, hydrochloric acid, or exposed to sunlight. The contained 
lieiniphospliide is thereby decomposed. 

Pbnsphinc is obtained by the action of water or dil. acids on the phosphides 
of the alkalies or alkaline earths. P. Thenard made phuNphine by the action of 
Welter or dil. acids on the phosphides of the alkalies; and A. Joannis, by the 
action of water or heat on the dihydromonophosphidcs, r.7. KPH2 or NBPII2. 
The reactiou between water and, say, sodium phosphide is probably more 
cfunplex than is represented by tbe equation: Na3p+«'lH20=PH3+3Na0H, 
bccHuse some hypophu.sphiie and phosphite appear among the products of the 
reaction ; W. P. Winter suggested the complex equation : 4 Na 2 P+ 141 l 20 
-2PH3+NaH2P02. The formation of the spontanpou.dy inflamuiablo gas is 
explained by assuming that the normal phosphide is coutaminated with some of 
the hpiniphosphide. C. Hugot obtained phosphine by the action of water or dil. 
Hcids on sodium trihydrodipbosphide, Nii3H3P2-f3H20— 3NaOH+2PH3, or 
3Il('l=3Na(l-t-2PH3 ; or by heating the same substance to 100'’ under 
reduced press. At higher temp, more hydrogen and less phosphine is produced 
until at 200 '’- 300 '’ only phosphine apfiears. W. P. Winter found that phos- 
phine is produced by the action of water on the chocolate brown substance 
nhtained by treating sodamide with yellow phosphorus. G. Pearson, P. Thenard, 
b. Malignon and R. Trannoy, B. Kdnig, T. Thomson, and R. Liipke prepared 
phosphine by the action of water or dil, acid on calcium phosphide. IL Moissau 
found that calcium phosphide made by heating calcium phosphate in an electric 
lurnaco yields a fairly pure phosphine. As H. Rose has shown, some solid hydrogen 
phosphides are produced when the phosphides of the alkalies or alkaline earths 
are treated with acids. J, B. A. Dumas said that when barium phosphide is used, 
3 per cent, of hydrogen may be present; with calcium phosphide and water, 
3 per cent. ; and with calcium phosphide aud dil, hydrochloric acid, 7 per cent, 
ru hydrogen is present at first, and later, 13 per cent. H. Bufl[ obtained a similar 
result with calcium phosphide and water; and A. W. Hofmann said it ia very 
! process to obtain a gas free from hydrogen. R. Liipke found that 

puosphme ia obtained by the action of water or dil. acids on magnesium phosphide ; 
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H, Schwarz, P. JoUboiz, F. Brandatktter, Rose, and R. Liipke naed zinc, tin, 
or iron phosphide and dil. snlpharic or hydroohlorio add; P. Enlisch nsed 
cadmium phosphide and dil. aci& ; P. Enlisch, cadmium phosphide ; H. Fonzes- 
Diacon, G. Matignon, and F. Bodronz, aluminium phosphide ; and R. Liipke, 
copper phoephUe^ and iron phosphide— in both oases the reaction is uow, 
but R. Bottger used an alcoholic solm of potassium cjanide and obtained 
a larger yield. A. W. Hofmann found that the gas is accompanied by variable 
amounts of hydrogen. According to F. Bodroux, temp, is a controlling factor in 
determining the amount of hy£ogen obtained from the decomposition of the 
phosphides by water. Magnesium and aluminium phosphides, when decomposrd 
by iced water, slowly give off phosphine with hy^ogen ; but when the tein]i. 
exceeded or if aci£i were employed, the phosphine was contaminated with 
much hydrogen. H. Blumenberg obtained the nascent hydrogen, for the production 
of phosphine, electrolytically. 

W. Ipatieff and W. Nikolaiefi observed the formation of phosphine when 
white phosphorus is heated with hydrogen in a scaled tube at 360^; and whfji 
water-gas at 400 atm. press, acts on lead phosphate. J. Brussler said Unit 
if white phosphorus be added to a mixture of zinc and dil. sulphuric arid, in 
a short time, spontaneously inflammable phosphine will be produced ; and if a 
couc. Roln. of alkali hydroxide and zinc be mixed with yellow phosphorus, tl o 
spontaneously inflammable gas will be given oil at about 60*’ ; if the temp be 
below 20**, the gas evolved is not spontaneously inflammable. II. Davy, niiil 
L. Dusart showed that the gas obtained by the action of zinc and dil acids nn 
yellow phosphorus contain^ phosphine, although J. U. A. Dumas questioned lie 
fact. D. Vitah observed that the presence of mercuric chloride reinrcls tbe 
formation of phosphine. J. Brossler obtained phosphine by the action of h>drn 
chloric acid and a few drops of nitric acid on tin in the presence of yellow pho^ 
phoruR. The formation of phosphine durmg the action of ammonia, and of wat'i 
on yellow phosphorus has Imn indicated in connection with the rhcniu ul reai tioii 
of phosphorus. 

According to A. Oppenheim, phosphine is formed wdien red pbosplioru-' 
heated in a sealed tube with rone hydrochloric and at WK)®, po'^sibly h\ ti 

reactions 3IICH 2P=PH3+rCl3; andPCl3-f 'JH20 llsPC^H niftl Hydiobrofi i 
acid acts more slowly than hydrochloric and , and with hydriudic arid, the I 
tube can be heated to lG(i”. A. Oppenheim also heated pliosphorus with b}nip\ 
phosphoric acid in a sealed tube at 200*’, and found that hypophospLorou^ j( 'd 
formed whir h passes into phosphine and phosphoric and. T. Wcyl represi 1 1 1 il 
the action of hydrogen dioxide on red phosphorus by 6^202+41’- ii’(OIl) 
and 4r(0H)3=--Pll3+3H3P04 , and C. A. LoLry de Bruyn noticed the smell of 
pho««phme wlien hydrazine hydrate acts on yellow phosphorus. W. B. (iio\e 
also obtained a little phosphine by passing an electric current through luoht 
molten phosphorus ; if under reduced press., no phosphine is formed, presuniablv 
owing to the removal of the moisture. D. J. J. Leverrier observed that pbo‘^plmi(' 
is formed when phosphorus tetritoxide is treated with cone, potash lye . -ir i 
B. Eeinitzer and H. Goldschmidt, H. Biltz, and A. Hichaelis and M. 
obtaiued a similar result. B. Pelletier, and H. Davy obtained phosphine li* 
heating phosphorous acid, and F. L. Dulong, IL Rose, J. B. A. Dumas, mul 
A. W. Hofmann by heating hypophoaphorous acid: 4H3F02^2FIl34^1l3^'^^ 
According to J. J. Berzelius, phosphine ia alao formed when aq. aoln. of phospliitM 
are reduced by zinc or iron ; F. Wohler used zinc with a mixture of phosphurmi*' 
and sulphuric acids, A. W. Hofmann found that pure phosphoroua acid a 
gas with 6 per cent, of hydrogen. R. Lhpke obtained phosphine wLw pho'^jili^ f 
or hypophoBphites are i^uced by nascent hydrogen. H. Rose aaid that 
alkali hypophosphite is heated the spontaneoasly inflammable gaa evolved niny 
be readily inflamed or it may inflame with difficulty— this, said C. F. Rammel&b* 
depends on yanz zu/sni/en VmtUnden, H. Bose added that the gas is Bccompsvie 



PBOSPHORtrS 


807 


by hyilrpira and tha vapour of pltosphonu. Contrary to W. Herapath’a atate- 
Dient, B* SVeBeninB md that tho phoaphataa are not rcdaced by nascent hydrogen^ 
but W. A. Boss maintained that metaphosphatea are rednced to phosphine men 
heated with zinc. 

According to G. S. Serullas, the gas obtained by decomposing phosphoninm 
bromide with water is ol a h^ degree of purity ; and, according to A. W. Hofmann, 
the best process for phosphine of a high degree of purity is to treat phosphonium 
iodide with water ; 

Fhosphine is made by mixing piora of phosphonium iodide the size of a poa with 
|-i(ves of gloss in a flask. ^ The flask is rlos^ with a 2>ho]e rubber stopper earrying a 
stoppered funnel and a delivery tube. A soln. of potassium hydroxide in twice its weight 
of water is added from the stoppered funnel very slowly. No heating is necessary. If 
tliB potash -lye be added too quickly the gas may 1 ^ solf-accendible owing to its containing 
some liquid hydride ; the gas at the end of the operation is also liable to be self-acrendible. 
The reaction is S 3 mabolized; PH 4 I-I-KOH— Ten grams of phoe- 
phoiuum indido will give from 1 *3 to 1*4 litres of the gas. Water ran be added instead of 
(Hitash-lye ; a 100 o.d. gas generating flask containing 20 grroa. of phosphonium iodide, is 
iitiiMl with a two-holed rubber stopper. One tubuhire holds a stoppered funnel with a 
rapillary lulie bent so as to direct the stream of water to the side of the flask, and not 
rlirrctly on ilie iodide. The gas passes through cone, hydrochloric acid to remove liquid 
phnqphidi) ; through rone. |»ota 8 h-lyo to remove hydrogen chloride and iodide ; over 
pslinim (hloride and phosphorus pentoxide to dry tlis gas. J. Messingcr and C Engels 
Hiiv that it is best to mix tho phoaphouium iodide with ether, and add water from the 
bcporatnry-funneL 


M. Brctscbger, and B. Lepsius prepared the gas by this process; and 
C. V. Kammcltbcrg reported tliat even here the product may bo spontaneously 
uillaniuiable in air. V, dc Wilde found the gas among the products of the action 
of phosphonium iodide on phosphorus tribromide ; E. and P. Fireman, among 
the products of the action of antimoiiic or stannic chloride on phosphonium iodide ; 
and R. Boulouch, among the products of the action of cone, potush-lyc ou phos- 
pbnnis tctrilaiodide. A. Stock and co-workcrs said that small quantities of fairly 
liuTC phosphine run be readily obtained by heating the diphospliide, ri 2 HB, under 
reduced pre.sa. T. E. Tliorpe and A. K. H. Tuttrm obtained phosphine by dissolving 
diainidnphosphorous add, P(t)U)(NIl 2 ) 2 » in dil. hydrochloric acid. A. (\ V^uir- 
noaos showed that phosphine can be prepared by heating sodium formate at 2(H)® 
in an atm. of hydrogen and phosphorus vapour : CHOOONa-f 2 P— 2 Plfs 
+ 3 (lK) 0 Na) 2 ; *ind also by heating sodium formate with sodium pho.«?pliit(} or 
phosphate. M, E. Pozzi-Kscott observed that phosphorus is hydroycnized by 
the hydrogenoses— c.q. philothion. 

The idiyrical Jiroiwties ol phosphine. — Ab ordinary temp., phosphine is a 
colourless gas, which can be condensed to a colourless liquid, or frozen to a white 
Rdid. 11. Rose ^ gave M4fl for the idative density (air unity) ; J. B. A. Dumas, 
M‘J14 ; and H. Bujff, 1 * 1 G 5 . The theoretical value for PH 3 is near 1'175, and the 
lowered values are due to the presence of admixed hydrogen. G. Ter-Gazarian 
obtained lor the purified gas the relative density 1'1829. Tho early determinations 
of the weight of a litre of gas arc vitiated by the contamiiiauion of the phosphine 
^ith hydrogen; G. Ter-Gazarian gave 1 *M 95 grms., and M. Bretschger, 1*5293 
grms., for the weight ol a litre of the gas under normal conditions. The literature 
was reviewed by M, S. Blanchard and S. F. Pickering. D, McIntosh and 

P- D. Steele gave 0-744 for the qpecifio gravity, D, of the liquid at its b.p. — 86 - 2 ® ; 
and 

^iQi* _97» -91* -87' -Bl" 

gr. , , 0*761 0-756 0-763 0-748 0-746 0-740 0-739 

The mblecalar VOlning at the b.p. is 45*7 ; E. Babinowitsch gave 47 for the mol. 

R. Lorens and W. Hers studied this subject. A. 0. ^nkinB calculated 
10-15 mean collision area of phosphine. The ap. gr,. 



808 


INOBQANIC AND THEOBEIICAL CHEMISTRY 


D, at the temp., r E., ie D=0-744+0*0005952(186-8-7). D. Molatosh and 
B. D, Steele gave : 

-106'f* -101 Z* -07 6“ -931* 

Sp gr. of liquid . . 0*760 0*766 0*763 0-746 

Bp. gr. of vapour • • 000070 OOOlOi 0*00122 0-00151 

S. Skinner gave for liquid phosphine : 

40-4” 44'4* 80 1'’ 20-4* S4B- 18 4* 8 4* 2 4* 

PrcM. • 62-4 66-1 60-8 41-3 37-1 32-6 27*2 23-4 

Sp. gr. . 0-417 0-469 0-502 0-536 0-646 0-559 0-595 0-618 

The muboe tonsiOD of liquid phosphine woe found by D. McIntosh and 
B. D. Steele to bp : 

-105-9* -loi-r -97-8- -oar 

Surface tension, a . • 22*783 22 006 21 653 20-708 dynes per om, 

MoL Buiiace energy, ff(MV)l . 287-2 270-6 273-4 265-4 ergs. 

A. 0. Rankine and C. J. Smith gave for the viacoaity of phosphine gas O-OOOIOTO 
at 0”, 0*0001129 at 15°, and 0*0001450 at 100°; and for the con.stant C, 2!Kl 
They calculated the area presented by the molecules for mutual collHion to bp 
0*911 xUr*4i gq, eiQ. yriner measured the OOmpreasilrilitj as represented by 
the relative values of at diflerent temp, and press. He found : 


24-6" 

IP 

\pv . 

1 

10 

15 

20 

26 

30 atm. 

1 

0-97 

0 98 

U-BO 

0-75 

0 70 

33-6“ 

IP 

1 

10 

15 

20 

30 

40 atm. 

{pv . 

1 

0-94 

0-89 

0-85 

0-77 

0-62 

46-2“ 

ir 

1 

30 

35 

40 

45 

50 atm. 

\pv , 

1 

0-79 

0-76 

0-71 

0-66 

0-61 

64-4'* 

fp 

1 

15 

.15 

45 

55 

05 atm 

[pv . 

1 

0 92 

0 60 

0-72 

0-61 

0-47 


According to M. Faraday, phosphine can be condensed to a transparent, colour 
less liquid by cooling it iu a bath of carbon dioxide, when under a press, of 2-3 atm. 
and E. Olschcwsky cooled the gas to —75° by a mixture of solid carbon dioxiHi 
and ether, but no liquefaction occurred ; at — [K)°, the gas condensed to a liipud 
which did not freeze at —110°. The gas can be readily liquefied in a tube cooled 
by liquid ethylene to —102*5, and it can then be frozen at —133-5° to a trans- 
parent, crystalline solid. S. Skinner found that the gas can be readily liqueheil 
at ordinary temp, when under 30 atm. pres.s. K. OL^ewsky gave —85° for tijo 
boiling PoU ; F. Henning and A. Stock, —87-43° at 760 mm. ; and D. McIntosh 
and B. D. Steele, —86*2°. K. Olschewsky gave —132*5° for the melting pomL 
D. McIntosh and B. D. Steele found the TiptW pmsore of the liquid to be: 

-lor»0* -101 2* -97 7* -03 1* 

Vap preflfl. . . • 237 310 393 4D8 710 mm 

F. Henning and A. Stock found rather smaller values, log 845*577 
+1*75 log r-0-006193ir+4*614BO, E. Brincr gave 38*5 atm. at 25° ; 46*5 atm 
at 35° ; 57 atm. at 45° ; and 64-5 atm. at 51-3°. A. Stock and co-workers gave 
data between -87° and -111°. The heat Ol ▼gporintion is 17*2x10^^ ergs 
S. Skinner gave 54° for the ccitusal tempemtoxg^ and 70*5 atm. for the critical 
pressnze; corresponding data by A. Leduc and F. Sacerdote aro respectively 
52*8° and 64 atm. ; by E. Briner, and P. A. Ouye, 51*3° and 64-5 atm. S. Skinner 
gave 4-6 for the critic^ vdnniB. J. Ogier gave for the heat ol tormation, (P,3ll) 
=— 36*6 CbIs, ; and for gaseous phosphine, —11*6 Cals. M. Berthelot and F. 
obtained a similar result; while B. de Forcrand gave (Fgu,3H)— 9*1 Cals.; 

P. Lemoult gave for yellow phosphorus, and gaseous phospUne, —6*8 Cals. ; 
also gave for the heat d Comblinmi* 310 Cals, at constant vol., and 311*2 Cdh 
at constant press. D. H. Drummond calculated for the Irae eurgg d reaction 
iH8,M+lP4g«=PHag«„ -16486*6+3*721 log r+O*OO04r*+O-Oa7r«+2-52r. 
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—BT log Kf vhen The free energy of the formation of phoa* 

phine from hydrogra and solid phosphorus at 25” is — 3296'0 cals. The entropy 
rliangB in the reaction calonlat^ from the free energy equation is —27-72 ; ao 
that the entto| 6 y of phosphine at 25” is 52-4 onits. J. C. Thomlinson oomparad 
the heats of formation of the trihydrides of the nitrogen-antimony family of 

eloments. 

PhospUne is decomposed by heat into phosphorus and hydrogen* D. H. Kooij ^ 
measured the progress of the reaction 2 nPH 3 ^anP+ 3 nH 2 from the change in 
the press, of the gas after different intervals of time. If pQ denotes the original 
press, of the gas with a mols of PH 3 in unit vol. ; and p the press, of the mixture 
when £ mols of a have decompose, since for every 2 vols. of phosphine which 
disappear, 3 vob. of hydrogen remain, when ax mols of phosphine have decom- 
posed, ^ mols of hydrogen remain. Hence mols of phosphine and 

mols of hydrogen remain at the time t. Consequently, po=a, and p-=-(l— x)a 
'-|-^rzx. If the reaction is unimolecular, PH8=P-|-3H, and 


*=7log„J 


ax 




lu one ex])eriment, D. M. Kooij found that when po=-7]5'21 : 


t 

7-83 

2117 

41-25 

6317 

89 67 

p 

730 13 

759-45 

7B6-61 

B10»6 

856-60 

k . , . , 

U (10236 

000237 

0-00235 

0-00238 

000241 

]'prceiitaf 7 f' doroni|iumtLon 

4-17 

12-37 

19-07 

2D 29 

39 23 


The constancy of k is in close agreement with the assumption that the reaction is 
unimolecular ; and not so closely with assumptions that the reaction is hi-, ter-, 
or quadri-moieciilar. This may mean that the slow reaction : PUs^F-f 3H, is 
followed by the very rapid formation of molecules of hydrogen and phosphorus ; 
or it may mean that the reaction actually proceeds only in the adsorbed film of 
gus on tlie surface of the containing vessel, and that the velocity of the reaction 
HI the adsorbed system is proportional to the press, of the gas in the intonur of 
tlie vessel, The effect of the nature of the surface of the containing vessel must 
therefore be of importance, and D. M. Kooij found that the velocity coefficient 
k in a new vessel was 0-0023, in an old vessel it was O-OOGl. He also measured 
the effect of temp, on the velocity constant it, and found : 

a 10* 8B7* i40* 612- 

k , . . 0U0021 000007 0 0025 00081 

and he represented his results by the equation log J— — 3595T“i+2‘4884. 
M, Tiautz and D. S. Bhandarkar measured the velocity in a porcelain vessel 
between 843*’ and 050"— above 950'’ the velocity was too rapid for measurement. 
Above 945*^, the reaction is uninfluenced by the walls of the containing vessel, and 
tsLes place in the body of the gas. The reaction is retarded by water vapour, 
and accelerated by copper. According to C. N, Hinshelwood and B. Topley, the 
rate of decomposition of phosphine in a quartz bulb is affected by some activating 
influcuce, which, after a time, decreased to a constant minimum. Similarly also 
With a porcelain container. The addition of powdered fused silica of approzi- 
mately known surface area caused an increase of velocity corresponding with the 
luiTCdsed surface, so that, up to at least 771°, the reaction is to a large extent 
locabzed on the walls of the containing vessel, and not in the body of the gas— it 
hence called a waU^coiUion, This does not agree with M. Trautz and D. S. Bhan- 
uarkars results. The rate of the reaction observed by 0 . N. Hinshelwood and 
n. Topley is unimolecular over the press, range 37*5 to 707 mm. The heat of 
activation is approximately constant between 40,000 and 50,000 cals, when the 
Value calculated for a gas-reaction is 86,719 cals, between 940® and 960®. There 
i*} no evidence that the wall-reaction becomes a gas-reaction at higher temp. Tho 
reaction was studied by S, Dushman, D. H. Diummond, and E. YamazakL 
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B. H. unladen studied the energy involved in the eleotionio shifts during the 
dissociation of phosphine. 

L. Bleekrode ^ gave 1-317 for the index ol lehection of liquid phosphine at 
17-5^ for Na-light, and 1-323 at 11 ° for white light. P. L. Dulong gave for the 
gas at 0 ° for white light, 1-000789 ; and J. W. Briihl compared the resdts obtained 
with the fi- and the ^^-formuloe. 

The gpectmm of the green flame of gases containing phosphine was found by 

F. Christofele and F. Beilstein, and 6 . Salet to have two intense green lines, one 

of which almost coincides with one of the green lines of barium. The spectrum 
of the burning gas is quite different from that famished by free phosphorus ; it 
can scarcely be attributed to the molecules PH 3 because at that temp., phosphine 
is dissoriated into its elements. E. B. Ilofmann attributes the spectrum to the 
chemical process in the inner mantle generating rays of a special refrangibility. 
J. N. Lowyer gave a photograph of the spectrum of phosphine. H. J. Emeleus 
found the spectrum of the flame of spontaneously inflammable phosphine burning 
in oxygen is the same as that of burning phosphorus J. E. Purvis observed 

no absorption bands in tlie ultra-violet. 

H. Bose * said that spontaneously inflammable phosphine remains unaltered if 
confined over mercury or well-boiled water, and exposed to light, provided no 
vapour of phosphorus is present ; and T. Graham made a similar observation with 
respect to the non-spontaneously inflammable gas. F. Thenard, however, showed 
that there is something wrong with H. Rose’s experiment, for sunlight transforms 
the spontaneously inflammable gas into the other form, while the contained 
hydrogen hemi- and di-phosphides furnish an orange-red deposit, showing that 
some phosphine is decomposed. L. N. Vauquelin, U. J. J. Leverricr, and A. Vogel 
also found that the spontaneously inflammable gas gives a reddish deposit wlieii 
exposed to sunlight, D. Amato, however, observed that dry but impure phosphine 
suffers no perceptible alteration when exposed to direct sunlight provided the 
temp, exceeds 10 ^* M. Trautz and D. S. Bhandarkar calculated the limit of 
photosensitiveuess of phosphine to be about a wave-length of 329/ifi. S. 0. Boy 
studied the reaction from the point of view of the radiation hypothesis. Y. E. Siikin 
found that the radiation theory fitted in with the decomposition of phosphine. 
B. Robl observed no fluorescence occurs with phosphorus in ultra-violet light. 

J. Dalton, > H. Buff and A. W. Hofmann, and A. W. Hofmann found that 
phosphine is decomposed by the electric ducbargBi forming red jihosphorus, and 
a vol. ol hydrogen 1-5 times the original volume of the gas. T. Graham found 
that the electrification of the non-spuiitaneously inflammable gas converts it into 
the spontaneously inflammable gas. P. and A. Thenard said that the condensed 
electric discharge decomposes phosphine incompletely, for it first produces the 
hemiphosphide, then the ^phosphide, and finally a red substance^ red phosphorus. 
M. Berthclot also noted the formation of the djphosphide under these conditions, 
and he represented the reaction : 4 FIl 3 = 5 H 2 +F 4 H 2 . B. Lepsius said that with 
the electric arc in phosphine, there is a dazzling red light, and the red clouds of 
phosphorus which are formed condense on the walls of the containing vessel as a 
mixture of red and yellow phosphorus. 

The chemical properties of phosphine.— H. Davy analyzed the gas, but Lis 
sample must have been mixed with bo much hydrogen as to render his result useless 
for determining the composition of the gas. The analyses of H. Bose, 
J. B. A. Dumas, and U. J. J. Leveiri^ agree with the empirical formula FHa ; 
and the vapour density deteiminations previously iifdicated show that this is also 
the mol. formula. A. 0. Baukine discussed the structure of the molecules of the 
family of trihydrides ; H. Bemyi and H. Henstock, the electronic structure ; and 

G. W.FiHolroyd gave 

B 

H;Pi 

B 
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According to J. Meisenhuiner and L. Lichteiistadt, when phosphine ozidei 
0 : PHsi has its hydrogen atoms replaced by three different radicle, the asym- 
metrio compounds are optically active— 0 : P(CBH 5 )fC 2 H 5 )fCHs). P. Pascal 
also said that the magnetio properties are in agreement with the formula 

0:PHb. 

The gas has an odour suggesting a mixture of stinking fish and garlic ; it is 
irrespirable. As shown by 0. Maclean, it has no action on vegetable colours. 
The effects of heat, light, and the electric discharge have been indicated above. 
The gas has no perceptible effect on hydrogen. The gas does not support 
combustion, but when traces of hydrogen hemiphosphide are present, the gas 
may ignite spontaneously in air or in oxygen— Fig. 12 ; and 11. Kose found that 
the infiammation occurs even if the temp, of the gas be near the f.p. of meroury, 
and the air at —15°. H. Davy gave 149° for the ignition temperature of the gas ; 
f . Thfinard, 100° ; and A. W. Hofmann said that the ignition temp, of the purified 
gas exceeds 100°, because the gas can be bubbled through boiling water without 
the bubbles burning as they burst in air ; on the other hand, the friction of the 
glass stopper of a glass vessel containing the gas may produce inflammation, 
X. Olschewsky found that the flame of the Wning gas is not extinguished at — 7B°. 
but it is at —90°. H. Davy added that the inflammation of single bubbles of the 
gas is attended by a vivid light, and the formation of a thick, white, vortex ring 
of ))hosphorio acid ; while in oxygen gas, the combustion is so brilliant as to resemble 
ila^hes of lightning. The products of combustion are phosphoric acid and water, 
11 s well as a little phosphorus pentoxide which is deposited as a film on the walls 
of the containing vessel. J. Dalton, and H. Buff found that the combustion of 
one vol of the spontaneously inflammable gas consumes two vols. of oxygen. When 
a niixture with an excess of ail or oxygen is exploded, one vol. of phosphine consumes 
tT/jo vuls. of oxygon : 2PH3+402=3ll20+P206 “» tut if solf-acoendible phosphine 
be bubbled into an excess of oxygen, some phosphorus is deposited as a yellowish- 
red film, and less oxygen is then consumed. To obtain complete combustion, 
J. B. A. Dumas recommended mixing the spontaneously inflammable gas with an 
equal vol. of carbon dioxide, and then with oxygen, but on igniting the mixture 
at 120°, he still found only 1-B3 vob. of oxygen were consumed instead of two vols. 
11. Davy, and J. B. A. Dumas suggested that when less than 2 vols. of oxygen are 
rrjuaumed per vol. of phosphine, some phosphorus escapes combustion altogether, 
hut H. Hose considered this to be improbable. H. Davy maintained that when 
the amount of oxygen associated with phosphine is insufficient for complete com'< 
hiistion, there is a preferential combustion of the phos])horus, and that free hydrogen 
remains unburnt. J, B. A. Dumas showed that the ignition by an electric spark 
of a mixture of one vol. of phosphine and vols. of oxygen contaiued in a narrow 
tube yields no phosphorus, but forms water and phosphorous acid, while the residual 
gas contains sometimes hydrogen, sometimes hydrogen and oxygen with some 
unoxidized phos]jhine. If a mixture of one vol. of phosphine with half a vol. 
of oxygen be exploded by rarefaction, phosphorus may be deposited, and the residual 
gas contains hydrogen and unconsumed phosphine. 

A mixture of the nou-acoendible gas with oxygsu doss not ignite at ordinary 
temp, unless rarefied. According to J. J, Houton de la Billardibre, if a glass tube 
surrounded by a wire-gauze be inclined over a mercuiy pneumatic trough, and 
partly filled vdth the mixture of oxygen and phosphine, an explosion immediately 
occurs if the gas-tube be raised Into a vertical position so as to rarely the gas a 
little ; and, added J. B. A. Dumas, ths explosion by alteration of level takes place 
with greater facility when an excess of phosphine is present. H. Bose found that 
a mixture of phosphine and air invariably explodes if kept at the ordinary press, 
over mercury for a few hours ; and H. Davy showed that spontaneously inflammable 
phosphine can be mixed in a narrow glass tube — 8 mm. diameter — ^without com- 
bustion to the cooling effect of the sides of the tube. T. Thomson showed 
that there is here a slow oxidation while phosphorous acid and hydrogen are formed. 
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The self-aocendible gaa loses its spontaneous inflammability when this slow oxida- 
tion is in piogress a little while. 

H. J. van de Btadt found that when phosphine and oxygen aie mixed 
at low press., they rapidly combine with the emission of lighti to form phosphorous 
acid : 2PH3+302=2H3FC^. When the gases are brought in contact very slowly, 
there is an intermittent greenish-blue light, and equal vols. of oxygen and phosphine 
interact to form hydrogen and metsphosphorous acid which is deposited as a 
deliquescent, crystalline film on the walls of the containing vessel : PH 3 -f -02 
=H2+HP02. The slow oxidation of phosphine at greater press, proceeds nearly in 
accord with the equation 4PH3+502=2HP02+2H3PQ3+2H2 ; does not increase 

the rate of oxidation continuously ; but when a 
limiting low press, is attained’ an explosion 
suddenly occurs. Fig. 12 shows the rate of 
oxidation in press, decrease per hour, when the 
press, is expressed in millimetres of mercury at 
50°. The limiting press, for explosion depends 
greatly on the amount of moisture present 
which retards or prevents oxidation. This is 
7 JSm ^ opposing the need for the presence of 

^ ^ Pre^re moisture before certain chemical actions can 

Fi<i. 12 -The Eflerf of Prewure effect of the superdrying ..f 

on the Rate of Oxidation of “e reacting components has not been tried. 
Phosphine P. Duhem considers that these experiments an* 

analogous with those given for the oxidation 
of phosphorus in Fig. 12. H. J. Emeleus made a spectroscopic study of the light 
emitted by the low temp, combustion of phosphine. 

The solubility of phosphine in 100 vols. of water was found to be 1-8 vols. by 
P. Gengembre ; 2-14 vob. by W. Henry ; 2-5 vols. by 11. Davy ; 11-22 vols. by 
B. von Dybrowsky ; 12*5 vols. by J. Dalton ; and 25-0 vols. by J. M. Raymond. 
These deviations are great enough to render all the results of little value. A. Btnrk 
and co-workers found 100 vols. of water at 17' dissolve 26 vols. of phosphine. The 
aq. soln. of the gas smells like the gas itself, and, according to T. Thomson, tastes 
bitter. When the aq. soln. is boiled, the dissolved gas is expelled ; the aq. solu. 
is not luminescent ; when exposed to air, it gives ofi hydrogen gas, and forms 
phosphoric acid ; and when it is exposed to light, red phosphorus is deposited. 
The aq. soln. does not react alkaline like the aq. soln. of ammonia. B. Skinner 
said that phosphine may be liquefied in contact with water, and it forms crystalline 
hydraJled phosphine. No analyses of the crystals are available, but they are supposed 
to be pho^phonium hydroxide, PIIgHgO, i.r. PH^OH — vide infra. They can be dis- 
tilled from one part of the tube to another by gently warming them. L, Cailletrt 
and L. Bordet found that the compressed gas condenses and floats on the surface 
of water present in the containing vessel, and a part dissolves. If the press, be 
suddenly released, a white crystalline product is formed which dissociates when 
the press, has reached 2-8 atm. at 2-2 ^ ; 3 atm. at 4° ; 5-1 atm. at 9'^ ; 9*8 atm. 
at 15° ; and 15-1 atm. at 20°. The crystalline hydrate could not be formed abu\ i' 
28°. 

In 1788, A. F, de Fouicroy and L. N. Vauquelin said : 


Un petit morooau de phosphore attacli^ au bout d'un fil de for, pbngd dons le goz ooirlo 
muriatiquB oxyg^n^, B’ulume en dter^pitont, brOJo rapidement et avee une veritable 
deflagration. Uotte combustion a paru si rapide k M. Vauquebn, qui le premier I'a aper^'uo, 
et a M. de Fnuroroy qu’ils ont pense qu’Blle pouirait etre employee avec avantoge 
faire Taoide pliosphonqus. 

Phosphine takes fire in cliloriilfl at ordinary temp, and press., burning with a 
brilliant greenish-white flame, and combining with four times its vol. of chlorme 
— T. Thomson said 3 vols. of chlorine ; and H. Davy, 4 to 5. A. W. Hofmann 
obtained a similar result with phosphine of a high degree of purity. A. Stock 
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found tliat phosphine and chlorine react at low temp. According to 
A. J. Balard, biomme decompoBes the spontaneously inflammable gae^ forming 
phOBpboius and hydrogen bromide ; and A. W. Hofmann observed that purified 
phosphine inflames on making contact with bromine water. T. Thomson found 
that when iodiDfi is introduced into the spontaneously inflammable gas, phosphorus 
and hydrogen iodides are formed ; and A. W. Hofmann observed that with the 
ilrird gas and a suitable temp., phosphonium iodide is produced, 5 l 2 +BPH 3 =: 2 ri 2 
I infra, J. Ogier found that when a mixture of equal vols. of 

phosphine and hydlOSOa dlloridie is compressed to 20 atm. at 14°, phosphonium 
chloride is formed ; and the union occurs at lower press, by cooling— thus, the 
combination occurs at ordinary press., and —30° to —35°. S. Skinner mixed 
3-7 vols. of liquid hydrogen chloride, and 4-6 vols. of liquid phosphine -near its 
critical temp. — ^and obtained approximately half the vol. of phosphonium iodide 
infra. Phosphine also unites with dry hydrogen bromide to form 
])hoHphonium bromide ; and, as sliown by J. J. Houtou de la Uillardiero, with 
dry hydrogen iodide to form phosphonium iodide— vide infra, A. J. Balard found 
that chlorine monoxide detonates in contact with phosphine ; and hypochloroua 
add forms pliosphoric and hydrochloric acids — ^J. Ualton obtained a similar result 
with caldnm hypochlorite. L. Moser and A. Brukl represented the reaction 
with soln. of iodic acid by 8 HI 0 a+ 5 PHa=f)HaP 04 + 4 l 2 + 4 H 20 . 

As shown by II. Davy, F. Jones, etc., when enlphor is heated in phosphine gas, 
phosphorus sulphide and hydrogen sulphide are formed— one vol. of phosphine 
[urnisliing 1-5 vols. of hydrogen sulphide — T. Thomson, L. N. Vauquelin^ 
J. If. A. Dumas, and 11. Davy did nut obtain the theoretical proportion of hydrogen 
sulphhie, but, without a doubt, they used impure phosphine. F. Jones said that 
})h(i^j)lLine is decomposed by sulphur more slowly than is the case with aTsine or 
stiliine. L. Dclachaux observed that if phosphine be heated with more sulphur 
tliau is needed to convert all the hydrogen into hydrogen sulphide, the reaction can 
be symbolized : 2 Plla 4 ’tiB— 3 H 2 S-fF 2 Sa. a, and above 450°, the ratio of the press., 
IK to the absolute temp., T, is constant, showing that the reaction is complete. 
Witli relatively smaller proportions of sulphur, this ratio continiips to increase for 
some time, even at 600°, and the gaseous phase consists of a mixture of hydrogen 
sulphide and phosphine, and the solid phase of phosphorus, which is gradually 
covered with phosphorus sulphide formed by interaction between the constituents 
of the gas phase. The reaction between bydrogoil sulphide and phosphine does 
not occur with any appreciable velocity below 320°, and above this temp, the 
ratio pjT increases continuously with the time, no equilibrium being reached. 
The products arc hydrogen and a variable mixture of phosphorus sulphides. 
A. W. Hofmann found that triethyl phosphine readily reacts with sulphur, 
fonning the sulphide, (CaHalaPS, but it has no action on hydrogen sulphide. 
J. Dalton, and A. J. Balard found that sulphur dioxide« and sulphurous add 
react at ordinary temp, with phosphine, forming water and phosphorus sulphide. 
A, Cavazzi represented the reaction between phosphine and sulphurous acid at 
r)i)“-70° by the three equations : (i) PHa+H 2 S 0 i=H 3 P 02 +H 20 +S ; 

(ii) 2 HaP 02 +H 28 () 3 = 2 H 3 P 03 +H 20 +S; and (iii) 

+H 2 O+S; and in the presence of mercury the reaction progresses: 
I*Ha+H 2 B^+Hg=H 3 F 02 +H 20 +HgS. H. Bose found that when phosphine 
is passed over dried sulphui trioxidet at ordinary temp., red phosphorus and sulphur 
dioxide are formed ; Q. Aime’s observations indicate that a yellow cloud of sulphur 
produced, and a blue h’quid appears in the vessel next day — the blue liquid was 
thought to be a soln. of sulphur in sulphur trioxide — ^A. J. Balard reported the forma- 
tion of both sulphur and phosphorus, as well as of sulphur dioxide. A. Stock and 
co-workers found that 100 vols. of 50 per cent, golphuzic add dissolve 5 vols. of 
phosphine at 17° ; and H. Buff said that cold cone, sulphuric acid absorbs phosphine 
without chemical action, but if heated, phosphine acts as a powerful reducing agent 
DU sulphuric acid. A. J. Balard also said l^t with cone, sulphuric acid, sulphur, 
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phDBphornB, and hydrogen sulphide are produced ; and H. BosOi sulphur, pho^horio 
acid, and sulphur dioxide. The reaction was studied by T. Huinpert- 
W. R. Hodgki^n added that the gas is at first rapidly absorbed by the cone, 
acid without any visible change, but when the acid is saturated, and the passage 
of the gas is continued, the acid rapidly becomes hot enough to ignite ga^*. 
If the acid be kept cool, while an excess of gas is passed into it, it is reduced to 
sulphur dioxide with the separation of sulphur: 3H2S04+2PH3=s2S02+8 
+^U3P04-|-3H2 ; if hydrogen sulphide is produced, it is at once decomposed by 
the sulphur dioxide. If the gas be passed for a sufficient length of time, while the 
acid is kept cool, it becomes so thirk and viscid with the separated sulphur, that the 
containing vessel may be inverted without the contents escaping. At low temp., 
A. Besson found that sulphuric acid furnishes a syrupy hquid which forms a 
white deliquescent solid, supposed to be fhosfhmium sulphaU^^uide infra. 
H, W. F. Wackenroder said that pentothionio is not decomposed by phosphine 

A. Besson reported that sulphoiyl chloride reacts with phosphine in the rolrl 
precipitating a biowmsh-red nuxture of phosphorus trisulphide and phosphorus, 
and hydrogen chloride; the liquid contains phosphoiyl chloride, ])hosphorous 
acid, and some undecomposed sulphuryl chloride. Phosphine was also found to 
react with thionyl chloride, forming a reddish precipitate consisting of phosphorus 
and phosphorus trisulphide ; the liquid separates into two layers. The upper one 
contains thionyl chloride, and phosphoryl and thiophosphoryl chloride. No definite 
compound was obtained from the residue left on distilling the upper layer m 
vacuo at 200° ; nor could any definite compound be isolated from the lower lay pi 

B. Bottger observed that when phosphine is passed into a soln. of a tdlnrium salt, 
tcllunum phosphide is precipitated. 

For the action of nitrORen on phosphorus, vide phosphorus nitride. Accordintr 
to T. Graham,^^ the gas which is not spontaneously inflammable becomes so if it bo 
admixed with a trace of the Vapour of nitrous ai^ or nittoKOn trioiido — one vol. 
of this compound in 10,000 of the non-spontaneously inflammable gas can mnkp it 
accendible ; a drop of nitric acid on the mercury confining the phosphine will pru 
duce enough gas to effect the transformation ; sulphuric acid fresh from llic load 
chambers contains enough nitrous anhydride so to convert phosphine bullilid 
through the acid ; hydrogen prepared from zinc and sulphuric acid fresh from Hip 
lend chambers when mixed with phosphine makes it spontaneously inflammablp 
Washed nitric oxide does not transform phosphine, but the unwashed nitric oxide 
may do so. Phosphine rapidly attacks fuming sitric sdd, but an acid of sp. gr. 
1-34 is not attacked. II. H. Landolt, and A. W. Hofmann made purified phosplimu 
spontaneously inflammable in air by bubbling the gas through nitric acid containing 
a trace of nitrous anhydride. A. Besson found that phosphine can reduce cotiC. 
nitric acid so as to impart the necessary amount of nitrous anhydride to make il 
B])outaneouBly inflammable provided the temp, exceeds —25°, T. Graham fouml 
that anything which destroys the nitrous anhydride makes the spontaucously 
inflammable gas non-accendible. J. Dalton found that phosphine at ordinaiy 
temp, reduces nitiic OXide to nitrous oxide in a few hours ; and a mixture of nitiie 
oxide and phosphine can be detonated by on electric spark to form nitrogen, water, 
and phosphoric acid ; P, Th4nard found that nitroOB OXidA and phosphine— hay 
in the vol. proportions of 3 ; l^an be detonated by the electric spark, to form, 
according to T. Thomson; 3 vols, of nitrogen^ phosphoric acid, and watei, 

J . B. A. Dumas said that 21 vols. of nitrous oxide me need^ for 4 yok of pliosphuie, 
The equation can bo written: 2FHg-f*8N20sP205+3H20+BN2f T* Graham 
said that phosphine is scarcely affected by nitrogUD peroxide. 

Accoz^ng to T, E. Thoipe and A. E, H. Tutton, phOBphOTOlU oxide has vo 
action on phosphine either cold or hot. H, Bose, and B. Mahn found phosphor 
trichloride reacts with phosphine, forming hydrogen chloride and phosphorus 
but A. Besson said that at ordinaiy tem^. hydrogen diphoqihide, not phosphorus 
is formed. A. Stock said that the reaction does not occur, notably at ^20°, ^hilQ 



^HOS^HOIttTS 


815 


it does oocni dowly with phosphcma tiibromids at —20”. P. do Wflde olao said 
that the reaction with the tribiomide is iaster than with the trichloride. J. H. 01ad-> 
Btone represented the reaction FBr)+PHa=2F+3HB], but this will be wrong if 
A. Besflon is right, B. Mahn eymbolizod the reaction with phosphoms penta« 
chloride : 3 FCl 5 -f FHs^lFCla+SHQ, and, as H. N. Stokes pointed out, this is 
not analogous with the reaction with ammonium chloride, FCls+NB^Cl^iHCl 
-t-PNCU. which corresponds with FCl6+NH3=3HCl+FNCl2- J. H. Glad- 
stone represented the reaction with phosphoinis pentabromiite, 3FBr5+FHs 
^ll’Brs+SHBr. T. Graham found that arsenic acid is decomposed by phos- 
phiup, forming arsenic and water ; and A. Cavazri found that a soln. of arsenio 
triendde in hydrochloric acid acts on phosphine, forming arsenic phosphide. 
A. Besson observed that phosphine does not form a complex with the arsenic 
—fluoride, chloride, bromide, or iodide — ^but there is a vigorous reaction with the 
evolution of the hydrogen halide and the formation of a brown solid which, by 
piiitrjation, can be separated into two substances with compositions PAbQs and 
PAsOg. II. Buff found that when antimcmy is heated in the gas, antimony 
])lios])hide is formed, and 1-5 vols, of hydrogen per vol. of phosphine. R. Bottger 
uh^nveil no precipitation when phosphine is passed into soln. of antimony BaU8» 
iinr did P. Kulisch obtain any precipitation with soln. of potassium antimonite, or 
of tartar emetic. H. Rose said that an addition product is formed by the action of 
]ilios]diiue on antimony peiLtacbIoride» but R. Mahn could obtain no complex salt, 
npreseiitcd the reaction : 48bCl5-fPH3=4kSbCll3+P0lB-f 3HC1. R. Bottger 
uhtaiiied no precipitate by passing phosphine into soln. of bismuth salts ; on 
the contrary, P. Kulisch found that bismuth phosphide is deposited. A. Cavazzi 
h.iul that phosphine st 100° forms with bismuth trichloride what is probably 
ItLick bismuth phosphide; a black precipitate— Bi 50 l 2 l 4 — is produced when 
idiosphiiie acts on an aq. dil. soln. of bismuth trichloride ; and with a hydro- 
rliloric acid soln., there is no precipitate. A. Cavazzi and D. Tiroli found that 
phosphine acts on an ethereal soln. of bismuth tribiomide, forming a black hygro- 
scopic substance with the composition Bi 3 Br 7 p, 

J. Hunter found that one vol. of fresh cocoanut charcoal absorbs at ordinary 
temp. 69-1 vols. of phosphine — ^reduced to n.p. 0; and one vol. of cainpechy wood 
charcoal, 27*5 vols. of phosphine. T. Graham’s observations on this subject are 
indicated above. A. Frank studied the action of phosphine on the metal carbides. 
M. ilerthelot passed a mixture of carbon diozidB and phosphine through a hot 
tube, but could not establish the formation of either methane or of any 
hydrocarbons, L. Cailletet and L. Bordet compressed a mixture of equal 

vols, of phosphine and carbon dioxide in the presence of water, and obtained a 
white crystalline mass which decomposed at 22°— it was thought to be a hydrated 
carbon fhosphinodioxide ; or possibly a complex of phosphonium hydroxide and 
octohydiated carbon dioxide. By treating a mixture of carbon disulpbide« water, 
and phosphine in a similar way, they obtained a hjdrtAcd iwhonpAospAtTUMfisuIp/iide. 
A. W. Hofmann found that phosphine is not acted on by carbon disulphide at 
ordinary temp., but triethylphospbine reacts violently with carbon disulphide 
producing (C 2 Hb) 3 P.CS 2 ; while it has no action on mercaptan. H. Davy said 
that phosphine is soluble in alcohol, ether, and volatile oils. J. Messinger and 
0. Engels found that phosphine does not act on aldehyde unless a hydrogen halide 
IS present. 0. Bchultz-Sellac found a yellow substance, not zinc phosphide, is formed 
when phosphine acts on an ethereal soln. of Eiiie efhide. A. W. Hofmann obtained 
tnethyl phosphine by the action of phosphine on ethyl iodide under press. Like 
aiiuuDnia, phosphine forma a series of alkyl phosphinea analogous with the amines ; 
tliese (impounds are less basic than the ammonia derivatives. The tertiary 
phosphines were discovered by P. Thinard in 1646, and A. W. Hofmann established 
the existence of the primary and secondary products in 1671. Phosphine, and the 
primary aliphatic phoq>hinea are weak bases, and form salts unstable in water ; 
the introduction of alkyl groups strengthens them so that the secondary phosphines 
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are decomposed only by alkalies. The tertiary phosphines react like well-dofinod 
bases. The aromatic phosphines are leas basic than the amines, and are all decooh 
posed by water. P. and A. Thenard obtained a substituted phosphine by the 
action of ethylene on phosphine. J. dc Girard obtained a compound of phosphine 
and chloral hydrate. A. Hoffman showed that when phosphine is passed into a 
warm soln. of fnrmalddiyde acidified with hydrochloric acid, tetrafnethylphosphoniinn 
(AJoride, F(CHg)4CI, of m.p. Ifir, is formed. 0 . Cauquil fonffd that C^o-heianol 
dissolves 28 r )6 c.c. of pho^^phine per litre at 25 ^^ and 766 mm. B. von Dybkowf^ky 
found that Uood takes up more phosphine than water ; for puttinc; the solubility 
of phosphine in water at 0*1122 at 15 "^, the value for arterial blood is 0 - 267 ‘j, 
and for venous blood 0 * 13 . 

A. Besson found that phosphine does not act on boron bifluoride at ordinary 
temp., but at — 30 °, or better at — 50 °, a complex is formed— boion hemiphos- 
phinotrifluorida, 2BF3.PU3; below 20°, boron trichloride forms boron phosi^o* 
tricdilozide, BClg.PHs ; and at ordinary temp., boron tribromide forms boron 
ph08ilimotrilironiide« BBr^ PII3. At ordinary temp., silicon tetrafluoride does 
not react with phosphine, at — 50 °, much gas is absorbed, but no crystals are 
formed even at — 60 ° ; if, however, Ihe mixture be compressed at 20 atm. and li) , 
crystals of presumably a silicon phOSphinotctracUoiide which decompose at 15 aim , 
arc formed. An analogous silicon phosphinotctrabromide appears to be fornieil 
by the action of phosphine on silicon tetrabromide. II. Bose reported the foniiii 
tiou of a titanium phoq^otctrachloride by union with titanium tetrachloride. 
J. Geweeke discussed the action of phosphine on siliron and titanium tiira^ 
chlorides, and also on zirconium and thorium tetrachlorides — vide the corre 
sponding phosphides. 

J. ]j. Gay Lnssac and L. J. Thenard showed that potassitim or sodium decom 
pose phosphine pimpiTe men/, when it is heated in the gas, forming metal phosphide, 
and, according to II. Davy, and J. Dalton, liberating about 1*5 vols. of hydrogen 
per vol. of phosphine employed— when allowance is made for the impure nature of 
the gas they must have used. H. Buff, and J. B. A. Dumas obtained a siniilai 
result with copper ; H. Buff with zinc ; and J. B. A. Dumas with iron. E. Bubeno 
vitch found that with copper the reaction begins at 160 "- 200 °— vide the metal 
phosphides. Compounds formally analogous with the amides by replacing one 
hydrogen atom in the phosphine molecule with an alkali metal have been prepared 
by A. Joannis. Thus, sodiophosphine, with the empirical formula, NaPlIg— callerl 
by A. Joannis plmphxdure dt hodiumr-i^ obtained by treating a soln. of sodium in 
liquid ammonia with pho.sphme. Towards the end of the reaction the compouurl 
in question floats on the surface of the liquid as brownish-red globules of flunl 
which freeze to a solid when slowly cooled. When the solid is heated to about 
65 °, the excess of ammonia is expelled and sodiophosphine remains as a whito 
Bobd. Potaasiophocphine, EPH2, is obtained in slender needle-like crystals m a 
similar manner. If these compounds be heated, they form the corresponding 
phosphide : 3KFH2=-2FH8+PK3 ; they are also decomposed by water with the 
evolntion of phosphine. When treated with nitrous oxide, the alkali phosphines 
yield a vol. of nitrogen equal to the vol. of nitrous oxide employed. 

B. Franke represent^ action of potasaum hpdxozida in dil. soln. by the 
equation: 4PH3+4K0H=4PH20K+4Hg ; and 4PH2OK=P4H2+H2+4K0fl, 
vide %nfm^ the alkali phosphides. 1. Guareschi found that spontaneous! v 
inflammable phosphine loses this quality if passed over wda-Iiiiie. According 
to P. Rnlisch, phosphine exerts no perceptible chemical action on potassium 
or sodhim cUoiide or sodium carbonat^hot or cold; the same remaik 
appbes to caldum and barium chlCBrides ; but A. Winkler showed that aip 
soln. of the salts of the alkabes, alkaline earths, on the earthy metals, furnish 
the corresponding phosphites or hypophosphites. P. Eulisch found that soln 
of thg bghter me^ salts are not affect by phosphine hot or cold, but 
with soln. of salts of the heavy metals, either the salt is reduced to the metal, 
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nr a metal phosphide is formed ; in some cases both the metal ard the phos- 
phide are produced. The reduction probably prooeod'a in stages ; with cuprio 
sulphate, for instance, cuprous sulphate is probably formed; 8CU8O4+FH3 
-}-4H20->H3P04+4fl2®04+4Cu2804 ; and by the further action of phosphine, 
(uprous phosphide: 3Cu2B04+i3M3-> 3112804+2003?, and free copper: 
1 Cu 2804+PH3H-1H20 — Il 3 ?O 4 + 4 H 2 SO 4 + 80 u, are formed, M. Brctschger 
examined soln. of cupric sulphate, and of cuprous chloride as absorbents of phosphine 
in gas analysis. H. Rose added that with some halides, a phosphide is formed and 
hydrogen halide is set free, in other oases, phosphonium salts analogous to those 
of ammonium are formed. J. M. Raymond, T. Thomson, and H. Rose found that 
copper salts are decomposed by phosphine, but, according to R. Bottger, this is not 
HO. H. Rose said that phosphine decomposes soln. of cupric chloride ; P. Kulisch, 
that the cupric chloride is reduced to cuprous chloride ; and E. Rubenovitch, that 
thiTG is no reaction. The last-named added that the action proceeds in a difierent 
way with the different salts of cojiper — aq. soln. of cupric sulphate give a phosphide, 
iM5?n.U20; soln. of cupric formate and acetate give an oxygenated phosphide, 
(^UnPi) ; and ammonia cal soln, of copper salts in the absence of air yield copper 
tiiUphosphide. L. Moser and A. Brukl found that a copper sulphate soln. is a 
.slowt'r absorbent for phosphine than soln. of mercuric, silver, or gold salts. 
The reaction is symbolized : 3CuS04+PH2+3H20=H3P03+30u+31l2804 , 

4(’ii8()4+PUs+4H20-H3P04+4Cn+4H2S04 ; and 2 Ci}aO^+ 2 ?E^=^Gu^V. 
+3II28O4. accompanied by Cu3?2+3Clu=2Cu3r. Ited cuprous oxide is rapidly 
blackened by phosphine, forming the tritapJjosphide. J. Riban found that 
phosphine is rapidly absorbed by hydrochloric acid soln. of phosphine, forming 
cuprous phosphinochloiide, CuCl.PH3,or CIU2CI2.2PH3, and, according to F. Eulisrh, 
phosphide is formed at the same time. The copper phosphinochloridos 
weie also studied by M. Bretschger. J. M, Raymond, T. Thomson, H. Rose, 
P. Kuhsch, and R. Bottger found that aq. soln. of silver salts are decomposed by 
jdiosphine, and, according to R. Bottger, dry silver nitrate is likewise decomposed. 
Ai'conling to T. Polcck and K. Thiiinrael, when filter-paper moistened with a drop 
of liver uifratc soln. is exposed to phosphine the wet spot is coloured egg-yellow 
and the periphery acquires a dark brown ring which slowly broadens towards the 
letiire until the whole spot becomes black as in the analogous case of arsine. The 
ydlnw spot is nut changed by nitric acid, but when wetted with water or aq. 
ammonia it is immediately blackened. If phosphine be passed into a cone. soln. 
of silver nitrate, the first few bubbles give a deep lemon-yellow coloration, and the 
liquid acquires an acid reaction — no precipitate is formed. The coloration remains 
for one or two days, and then becomes colourless— silver is precipitated, and 
file soln. contains phospb orous and phosphoric acids. If a rapid stream of phosphine 
lie passed into a cone. soln. of silver nitrate at 0°, the whide liquid solidifies to a 
yi'llow crybtalline mass which rapidly blackens owing to the sejiaration of silver. 
The yellow precipitate is considered to be silver trinitraliophospllide, Ag3P.3AgN03. 
ft is beat to dilute the phosphine with carbon dioxide or hydrogen since otherwise 
each bubble of gas in the cone. soln. of silver nitrate produces a flash of light. 
B. V itali said that an exidosion sometimes occurs. With a dil. soln. of silver nitrate, 
tim black precipitate is formed at oucc, and the solu. contains a mixture of nitric, 
mLrous, phosphoric, and hypophosphorous acids. The action is represented 
Wl3+GAgN03=Ag3P.3AgN03+3UN0j, foUowed by AgaP-SAgNUs+SHgO 
^'AgH-3HN03+H3PO^. L. Moser and A. Brukl represented the reaction with an 
excess of silver nitrate : SAgNOa+PUg-PAga+SirNOa ; and PAgs+AgNQg 
-f^lLO^HaPOa+lAg+HNOa, as well as H3P02+2AgN08+H20=U3P03+2Ag 
+2HNO5, and H8P0a+2AgN03+H20^H3Pn4+2Ag+2HN03. The resultant 
ri'action is therefore represented ; 8AgN0j+PH3+4H20=n3P04+BAg+8HN()j. 
J- M. Raymond, 11 . Bose, E. Bottger, P. Kulisch, and T. Thomson found that 
Bolu. of gold salts are reduced to gold or gold phosphide by phosphine ; but 
■i*- Bottger said that dry gold chloride is not afieoted by the gas. A. Uavazzi 
VOL. vm. 3 li 
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lepresented the action with a dry ethereal soln. of gold chloride by ; AuCIg f PHs 
=AuP+ 3 HCI. The reaction with 02Ar-AuCl3 is represented by L. Moser and 
A. Bruki by 2AuCl3+PH8+3H20=^2Aii+IIaP08+6HCl ; iAnCla+PHa+fflaO 
=H,P 04 + 4 AuC 1 + 8 HC 1 ; SAuCl+PHa^AUaP+SHCl ; SAuaP+AuCla+GHaO 
=:10 Au-|-3H3POj^ 3HC1 , 3HaP02"(-2AuCl3-j-3H20=2An-|-3H3p0^^-6HCl \ and 
SUaPPa-f 2AuCl3+3H20=2Au+3H3P04+6HCL The resultant reaction is there- 
fore represented BAuCl3-|-3PH3+12H20=:BAu-f24HCl+3HaP04. 

J. M. Raymond, T. Thomson, A. Bruki, and R. Bdttger found that soln. of 
zinc or cadmium salts are not affected chemically by phosphine, but soln. of mefeory 
salts are decomposed. H. Rose said that mercuric sulphate and nitrate give white 
precipitates which are compounds of mercury phosphide with the metal salt, witli 
mercuric chloride, the yellow precipitate is a mixture of mercurous chloride and 
mercury phosphide. J. B. A. Dumas heated dry mercuric chloride in phosphine 
and obtained three vols. of hydrogen chloride per vol. of phosphine, and a yelluwish- 
red powder. W. R. Hodgkinson found that an alcoholic soln. of mercuric cyanide 
forms a preripitate which is extremely sensitive to light, and which contains mercury 
cyanide and phosphide. The reartions were also studied by T. Thomson, D. Vital], 
and A. Bruki. L. Moser and A. Bruki represented the reaction with soln. of 
niPTcnric chloride : 6lIgn2+2PH3==3HgCl2.r2Hg3-|-6HL'l ; 6Hgll2+BH3-|-3HoO 
=H3P03+6HCl+6Hg(l; and 8HgUl2+PH3+4H20=H3P04+8HClH BJIgCla. 
P. Lemoult said that mercuric chloride and bromide form respectively mercoiy 
chlorophosphidei HgaClaP, and mercoiy bromophfNq^hide, Hg5Rr4P2 ; and that 
both salts ran be used as absorbents for phosphine in analytical work. Similarly 
with mercuric iodide which forms mercury iodophosphidei HgsIaP. K. A. Aschan 
obtained three chlorophosphides, 3Hg3P2.7HgCl2, by the action of phosphine on 
an aq. sobi. of mercury rhloride. The first is yellow, 3lIg>)p2.7HgOl2 — Rose 
reported 2FIIg2('^l>Hg^l2'3^2^ ] second, red, 4:Hg3P2.5HgOl2 ; and third, brown, 
HggP2.]'lgri2- According to 11 . Rose, the reaction between phosphine and mercurn 
nitrate furnishes the complex mercury nitratophiiqiliide, P2Ug8{Hg(N08)2llg0}2i 
where the mercury is all bivalent. This explosive substance was examined by 
K, A. Asrhan ; and S. Hada believes that it is a mercurous salt related to his 
mercurous nitratohypophosphite. T. Graham found that phosphine slowly 
decomposes dry mercurous ozide, but not mercuric oxide ; and P. Kulisch found 
that thallous oxide is reduced to thallium. B. Bottgci observed no precipitate 
is produced by the artion of phosphine on soln. of till salts. H. Rose obtained 
a yellow addition product with a tin tetrachloride, but K. Mahm represented the 
reaction: 3SnCl4+2PH3=Sn3ClBF2+6HCl. J. M. Raymond, A. Bruki, and 
T. Thomson observed that soln. of lead salts are decomposed by phosphine, but 
R. Bottger said that no precipitate is formed, while H. Rose said that the precipita- 
tion occurs very slowly. The results with arsenic, antimony, and bismuth salt'> 
are indicated above. W. P. Winter observed that phosphine reduces a soln. of 
ammonium nudybdate to a blue soln. which becomes colourless when warmed or 
allowed to stand. H. Rose found that chromic chloride is decomposed b} 
phosphine with the hberation of mnch heat. J. M. Raymond, and T. Thomson 
observed no reaction when phosphine is passed into soln. of manganiwii aalts. 
E. Jones represented the reaction with potassium permanganate: fiEMnOi 
-f 4PII3 -3Mn208-f 2E2HP03H-2EH2P0a+3H20, in o^ement with the effect of 
ammonia, arsine, and stibine on this liquid. A. Cavassi represented the reaction : 
2EMn04-^PH3=E2^^^3H'^2^~^^^^^2> snd by 2EMn04~}'PH3"E2HPG4 
-|-H20-|-Mn2C^. J. M. ]^ymond, T. Thomson, and R. Bottger observed no pre- 
cipitation occurs when phosphine is passed into soln. of Iran saltSi though H. Bose 
said that ferric chloride is decomposed, or, according to F. Euhsch, reduced to ferrous 
chloride. R. Bottger said that soln. of cobalt and nickd salts are not decomposed 
by phosphine ; H. Rose said that the chlorides are decomposed. R. Scnenck 
found that nickd phosphide is formed when phosphine is passed into a soln. of 
nickel chloride containing enough tartaric acid bo prevent the precipitation of nickel 
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hydroxide by aUcali-Iye. B. Bottger sail that soln. of platinilDli rhodiUDli ud 
iridium salts are not precipitated by pliospIiine« bat H. Bose said these eoln. ^le 
rapidly decomposed. According to B. Bottger, soln, of paDadium salts pve a 
precipitate of the phosphide ; but phosphine does not react with dry palladium 
monoxide. A. Cavazzi represented the reaction with a neutral aq. soln. of platinum 
aietrchloride \ PtCl 4 -|“ 2 BH 3 =PtCl 2 -^ 2 HCl“i“P 2 H 4 j and FtCl 2 ~|~F 2 H 4 — PtF2^8 
+2IIC1 

The physiological action ol phosphine.— Experiments on pigeons, rats, and 
otlier animals, and a few observations on men show that phosphine has an exciting 
action on the respiratory mucous membranes, and a secondary action on the nervous 
R>*sten]. It is possible that the phosphine acts on the oxyhsmoglobin, forming 
pliosphorous acid. The speotrum of Ihe blood of animals poisoned by phosphine 
lias an absorption band in the violet. The subject has been investigate by 
.]. Clark and 1\ B. Henderson, j. Brilliant, M. EoschlakoS and H. Fopofi, B. von 
Dybkowsky, etc. Cases of phosphine poisoning have been reported on board 
.ships laden with fcrrosilicon containing phosphides as impurities ; when moistened 
by rain, the phosphide gives o5 phospUne which penetrates into the cabins, and 
when respired by sailors, etc., has caused a number of deaths — vide ferrosilicon, 
6. ^0, 13, According to M. Jokote, one part of phosphine in 100,000 parts of air 

})ni.soiious in 16 to 30 his. ; air with 2-5 in 100,000 is poisonous in 8*5 to 10 his. ; 
and air with 1 : 10,000 proved fatal in 2-5 to 3*5 his. M. Brenner thus described 
A })baimaceutist who is supposed to have been for a long time in an atmosphere 
pDiitaminated with a minute proportion of phosphine ; 

'I'lin niiin wa3 engaged for two and a half years in the preparation of hypophosphitos; 
iii 1 illiio.ss commcELcod with spots before the eyes, and inability to fix the attention. His 
1< rlh braame very brittle, and piopes broke from hoalthy sa well as diseased teeth from 
\piy slight causes. Finally, a weakness of the arms and limbs developed in the course 
ul liiiip months into eomplote locomotor ataxy. 
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S 10. The Fhosphomum CompoundB 

When phosphine is brought in contact with hydrogen chloride, bromido, nr 
iodide under suitable conditions, a senes of phosphonium compounds ore furnK*! in 
which the FH 4 -radicle plays the same part as the ammonium radicle m the 
ammonium compounds. The possible existence of phospboninm-Biualgaiii, 
analogous to ammonium amalgam, was indicated by A. Besbou,^ who olectrolyzi'd a 
Boln. of the so-called phosphonium sulphate in sulphuric acid, at —25° to -4l) , 
by means of a platinum anode and a mercury cathode. Bubbles of gas 'aph' 
developed in the mercury, showing that if phosphonium forms an amalgam witli 
mercury, it is very unstable even at that low temp. The possible formation of uu 
unstable phosphomom hydroxide, FH 4 OH, analogous with ammonium hydro\idt, 
NH 4 OH, was mdicated in connection with the experiments of L. Cailletet and 
L. Bordet, and of S. Skinner on the action of press, on water and phosphine Oi 
liie three halides which have been prepared, the iodide is relatively stable, tlis 
chloride is very unstable. 

According to H. Rose,^ hydrogen chloride and non-accendible phosphine do not 
react perceptibly on one another even in sunlight, and borax or water absorb^ the 
hydrogen chloride from the mixture, but if the mixture be passed through aq. 
ammonia, the unabaorbed gas acquires the property of inflaming spontaneously 
m air. A. Bineau suggested that this circumstance favours the assumption tint 
the gases combine without condensation to form phosphonium chloridei FH/ 
just as phosphme and hydrogen bromide or iodide umte without condensatiun, 
the compound with hydrogen chloride does not liquefy at —12°. J. Ogier foon 
that when equal vola. of the mixed gases are compressed by 20 atm. press, at 14 1 
union occurs and crystals of the salt are formed ; if lower press, are used, the b mp- 
must be reduced to the temp, of hquid sulphur dioxide. G. Lemoine found 2 atm- 
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press, was sufficient to make the gam unite ; and, according to S. Skinneri the 
temp, and press, required for the combinations are : 

-so* 7* 18' 18* 21* 24* 28-5* 45* 

Tress. . 1 11-6 19*3 27-3 33-6 39*1 47*2 85-3 atm. 

J. H. van’t Hofi compared the phenomenon of dissociation with that of evapora- 
tion. He compressed a mixture of equal vols. of phosphine and hydrogen chloride 
until the tube was half filled with phosphonium chloride crystals. The tube was 
uow heated by means of a water-bath. Fusion occurred at 25®, and at f)0°-nDl® and 
a press, of BO-90 atm., the line of demarcation between liquid and gas disappeared ; 
whilst on cooling, the thick clouding which characterizes the critical point was 
obspivrd. F. E. C. Scheffer represented the press.-temp. relations, more or less 
fliagrammatically by Fig. 13. G represents the m.p, curve of phosphonium chloride ; 
the plait-point represents //, the critical temp, of that salt ; AC\ the vap. press, 
curve of hydrogen chloride ; ZU), the vap, press, curve of phosphine ; and GI, the 



Fig, 13.— Fressuro-Tempenture Relations 
of Mixtures of Phosphine and Hydrogen 
Clilonde. 



Fig. 14,— Vapour PresBurcB of PIios- 
phonium Clilonde. 


MiblimatioQ curve of phosphonium chloride. The double curve GH represents the 
boiling and dew curves, Fig. 7, of 1. 4, 8. K. Briuer gave for the compressibility, 
represented by the relative values of pv : 


“■‘■I?. 
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0-69 
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46 
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80 atm. 
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0-72 

O'Gl 

0-38 


These values fall between those for hydrogen chloride and phosphine. Ho also 
gave for the vap. press, of phosphonium chloride : 


25" 80" 35" 40- 45" 60" 

Vap. press. , . 38’6 42 5 46-5 51-5 67 63 

and these values fall between the corresponding values for the component gases— 
hydrogen chloride and phosphine. The white crystals of phosphonium chloride 
were found by 8. Skinner to melt at 26® ; and be gave 48® for the critical temp., 96 
atm. for the critical press., and 3*5 for the critical vol. G-. Tammann gave for the 
critical temp, and press, respectively 48‘8®-50-l® and 74-2-75-0 atm. His values 
for the yap. press, are shown in Fig. 14. F. M. 6. Johnson s estimate of the 
uiBBociation press, of phosphonium chloride is indicated in Fig. 13. E. Btiner 
loimd the critical temp, to be 49-1° ; toe critical press., 72-7 atm. ; the heat o« 
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formation of a mol of 16-4 Calfl. ; the temp, at which the dissociation press, is 
one atm., 253° ; and the number of mols produced by the dissociation of a mol of 
phosphonium chloride, 2. He also gave the heat of formationp HClgu+PHsgu 
^F^Clfloiid+43-4 Cals., hence the heat of sublimation is 43-4-16-4=27-0 Cals, per 
mol. 

G. S. Bfindlas 8 made phoQphoniiim bromide* PHiBr, in 1831 by mixing equal 
volumes of phosphine and bromine ; by bringing a vessel containing a little silicon 
tetrachloride and water under a globe filled with phosphine ; and by the action of 
phosphonium iodide on mercuric bromide. Hydrogen bromide and phosphine do 
not interact at ordinary temp., but A. Besson ^owed that a reaction occurs if dry 
phosphine be passed into a soln. of hydrogen bromide in phosphoryl chloride or other 
indifferent solvents. J. Ogier obtained it by passing a stream of phosphine through 
a cold cone, soln. of hydrogen bromide, filtering off the precipitate, dr^g by press., 
etc., and subliming the product in a sealed imbe. A. Damoiseau prepar^ it by 
heating a mixture of yellow phosphorus and hydrogen bromide in a sealed tube 
between lOU"* and 120°. According to A. Richardson, some phosphonium bromide is 
formed when a mixliire of hydrogen bromide and moist red phosphorus is exposed to 
sunlight : 2F4 3H204'HBr— ri^Br+HsPOs. Phosphonium bromide is a moss of 
white or colourless cubic crystals which, acrording toA.Bincau, sublime at about 30°. 
The vap. density given by A. Bineau is 1-.Q06 in agreement with the dissociated 
mol PHs+HBr. The value required for PHiBr is ri)87. The compound readily 
dissociates : Pir4Br^HBr-hPH3. F. Isambert studied the reaction at different 
temp., and found the results to be in accord with the law of mass action, both for 
phosphonium bromide alone, and when an excess of either component is present. 
If and p2 denote the partial press, of the respective components ammonia and 
phosphine, and p the dissociation press, of phosphonium bromide, then, for equili- 
brium, The following is a selection from F. M. Q. Johnson’s measure- 

ments of the dissociation press : 

-BO’ -.10" -112* 0“ 14 4» 23 0” 31 S" 

Prosmirp .1 4 17 5G 10!) 201 704 mm 

or the dissociation press, is one atm. at 38°. A demonitiation experiment was 
devised by 6. S. Newth. J. H. van’t Hoff compared the phenomenon of the 
dissociation of the solid with the phenomenon of evaporatiou, but he did not obtain 
anything analogous to the critical state as was observed with phosphonium chloride, 
J. Ogier found the heat of formation to be Pil3gaD+IIB^i{aB~PH4BrBjiid+23*03 
Cals. ; Briiqnid+4H+PaoUd=PH4Br+44-l Cals. Phosphonium bromide is 
closely analogous with the corresponding iodide. G. 5. Scrullas showed that it may 
inflame spontaneously in air, and is very deliquescent; it decomposes in 
contact with water, forming phosphine and hydrogen bromide: PH4BrAq. 
=PH3fu+HBrAq.— 3-03 Cali. A. Besson found that phosphonium bromide does 
not react with phosphoryl chloride at ordinary temp., but in a scaled tube at 50°, 
the reaction, POCl3-|-PH4Br=3HCl+HBr+P20, occurs; there is also a slow 
reaction with carbonyl chloride at 0°, but at 50°, in a sealed tube, the reaction, 
6PH4Br+5COCl2=10HCl+6HBr-f 6CO+2PH3+P4H2, proceeds vigorously. 

The best-known member of the scries of phosphonium halides is phosphonium 
iodide, PH4I. It was discovered by J. J. Houton de la Billardi^re ^ in 1817, who 
found that when dried phosphine and hydrogen iodide are mixed together, colourless 
crystals are formed. It is true that about four years earlier J. L. Gay Lussac 
obtained a white sublimate consisting of cubic crystals by the action of iodine 
on phosphorus in the presence of a little water, but he paid no further attention 
to the product; G. S. Scrullas showed that in the reaction, 2P+l2+^H20 
=H3F04-|-HI+PHiIi which occurs when the mixture of iodine, phosphorus, and a 
little water is heat^ in a retort, the hydrogen iodide is first evolved, and the 
phosphonium iodide then sublimes. H. Rose found that a mixture of phosphorus, 
iodine, with a little hydroiodic acid gave rather better results than 0. S. Mrullas’ 
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mixtuio. A. Oppenheim heated a mixture of red phosphorus and cone, hydriodic 
acid in a sealed tube at 160° and obtained a sublimate of crystals of phosphonium 
iodide, A. Damoiseau passed hydrogen iodide over heated phosphorus : 
2P+HI+3H20=rH4l+H3P03 ; and A. Richardson exposed moist red phosphorus 
to the action of hydrogen iodide in sunlight, and observ^ that phosphonium iodide 
is probably fornipd. A. Holt and J. E. Myers, and A. von Bayer evaporated the 
solvent from a soln. of 100 grms. of phosphorus and 175 grms. of iodine in carbon 
disulphide in a current of carbon dioxide ; he then gradually added 50 grms. of water, 
and obtained approximately 120 grms. of a thick crust of a subliiuate of phosphonium 
iodide resembling ammonium chloride : (4P+Ii»)-|- 7H20=2PH4l -|-H3P()3+Il2p04. 
A. W. Hofmann also made it by the action of water on pliosphorus triiodide or a 
mixture of phosphorus and iodine : 

Place 100 f;nns of pliOB])liorus in a retort, it, and odd an equal weight of carbon diaul- 
pliiiic, and then 170 grms of pure iodine. Koop the retort well cooled during tho mixing. 
Distil off the carbon dlHulphidc by all aching a condenser to the retorl, and placing the retort 
in a diBh of warm wnlor. Tho retort ia Ihon connected with a widu tu1)0, R, wlucli imiy be 
fitted with a gloss bottle, iZ, as shown in Fig. 16, and then, in the fume closet, witli a wasU- 



Fiu. 16. — ^The Preparntion of Phosplioniura Tudiilo. 


bottle containing \\ater tu absorb any hydrogen iodide formed by tho decomposition of thn 
phosp] ionium iorlide. (\innoct tho retort nith an apparatus, i\ for generating carbon 
tlioxifle, dried by pBSsngc through a tube, IK charged with jiiimiPB-stone soaked with 
siil])lLurLc arid, and koop a slow strenm of carbon liioxido passing through the apparatus 
all tho timo an experiment is m progress. Let 86 gmis. of water fall slowfy, drop by droji, 
on 1 0 thn romduo in the retorl . I’ho licat of the reaction suOices t o sublima the phosphonium 
iodide into tho wide tube, but towards the end of the operation, the retort may be wormed. 
When tho operation i«) completed, loosen the plioaplioniuin locide which lias colloeteil in the 
Wide tube by incan«i of a piocu of wire, and transfer tho salt to tho liotile usted os 
a recoivnr 'Pho bottle in then cloned ^ith its stopper, S. Tho reaction is reprebi^iited : 
61,-1 1 8P4 32H ,0 = lUPil J+hlfaPO,. 

A. W. llofruann made phosphonium iodide by the action of phosphine, diiod by 
quicklime, on iodine; 8PH3+5I2— P2l4-l-f)PH4l. A. L. Ponndorf obtained 
phosphonium iodide by the action of hydrogen iodide on hypophosphoious acid ; 
3ll3P02-j- HI=2lIjP03+PH4l ; and K. Lissenko, by suturaling molten liypophos- 
pliutous acid with hydrogen iodide and cooling the mass while in the presence of 
the gas. On warming the product in an atm. of carbon dioxide, phosphonium 
iodide, iodine, and hydrogen iodide were given off, while phosphoric acid remained. 
J. J. IToutou de la Billardiero thought that spontaneously inllammable phosphine 
and the non-accendible form furnished different varieties of phosphonium iodide, 
but H. itoso, and IJ. J. J. Leverrier showed that the products are identical. 

Tlie analyses of II. Rose agree with the formula just assigned to phosphonium 
iodide, namely, PII 4 I. According to J. L. Gay Lussac, and J. J. Houton de la 
Billarbiere, the clear, transparent crystals are cubic, while H. Rose described them 
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as square prisms with terminal edges and truncated angles. L. Wagner found the 
ciystalsj though cube-like in appearance, reaiiy belong to the tetragonal system, 
and the aidal ratio for methyl phosphonium iodide is a ; e=l : 0*7310. R. 0. Dickin- 
son gave for phosphonium iodide 1 : 0*729, and he found the X-radiograms in 
agreement with a unit-cell of the dimensions 6-34 X 6-34x1*62 A. He showed 
that the space-lattice of the low temp, form of ammonium chloride is very aimilar 
to that for phosphonium iodide if the halogen atoms of the former are a little dis- 
^ placed. The arrangement of the 

atoms is indicated in Fig. 16, and 
temp, form of am- 

g.' O monium chloride in Fig. 17. 

c - ■ q—— — ^ The black circles represent phos- 

phoTus or nitrogen atoms, and 

« « , .x- « « ... circles halogen atoms. The 

Fio. 16.— SparB-latticse Fra. 17.— Space-lattiro 

of PLosphDiiium of the Ammonium hydrogen atoms may be grouped 

Iodide. Chloride. ®bout the phosphorus tetra- 

hedrally^ but not necessarily so 
that all the atoms are equivalent. In the diagrams 0^4, OA, and OU are the axes 
of the unit. L. Wagner gave 2-860 for the sp. gr. of phosphonium iodide ; H. Bose 
said that the crystals can be sublimed backwards and forwards in a sealed tube 
without melting. A. Biueau gave 80° for the sublimation temp. II. Rose said 
that the crystals deposit phosphorus and acquire a yellow tinge when they are 
gently heated, but G. 8. ^rullas found that the vapour can be passed without 
decomposition through a red-hot tube containing fused borax. A. Smith and 
R. P, Calvert found the dissociation press, of solid phosphonium iodide to be : 


Fio. 16. — Spare-lattice 
of Phosphonium 
Iodide. 


k SffO 
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PresBure 36 107’S 199 3G8 1 600 700 917*3 

The results are in agreement with those of F. M. G. Johnson, which are illustrated 
by Fig. 18, where the dissociation press, of one atm. is at 62’’. A. Holt 

and J. E. Myers have concluded that, in carefully 

dried phosphonium iodide vapour, there occurs a 
secondary reaction in which the hydrogen iodide and 
phosphine give some free hydrogen and phosphorus 
iodide. Such a change was indicated in the experi- 
ments of A. Smith and R. P. Calvert by a riow, 
uuiform increase in the press, with the time. A. Holt 
and J. £. Myers state that phosphorus iodide is not 
® formed if a trace of moisture is present. For this 

. reason, perhaps, F. M. G. Joh^n obtained no 

evidence of its formation. According to J. Ogier, the 
Halidoa. of formation is PH3gBg-J-HIga»=PH4l,oUd+24-17 

Cals.; and PMdid+lBDlid+4H=PH4l«,iid-f29*5 Cals. 
J. J. Houton de la Billardifere found that the salt is not decomposed by oiygen. 
H. Rose said that the crystals fume in air, and they gradually deliquesce in 
moist air giving ofi phosphine ; and H. Rose, and J. J. Houton de la Billardi^ 
found that the salt is hydrolyzed by water and aq. soln. of ammonia or alkali 
hydroxide giving ofi phosphine — suprat preparation of phosphine. J. Ogier 
gave for the heat of decomposition PH4l+Aq.=FH]|gu+HIAq.+4’77 Cals. 

Phosphonium iodide is a reducing agent, which A. W. Ho&nann considered to 
produce more satisfactory results in many oafles than hydrogen iodide. It is also 
used in the preparation of organic phosphines. Aecording to J. C. Cain, chlorine 
and water convert phosphonium iodide into a mixture of red phosphorus and 
hydrogen diphosphidc. A. Stock saw that at —100° phosphonium chloride and 
chlorine react to form phosphorus pentachloride if chlorine be in excess ; and 
with phosphine in excess, the reaction is slower, and on gradually warming the 
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meas^ to room temp., yellow hydrogen diphosphide is formed which changes to 
reddish hemienneaphosphide, or lei phosphorus. Hydrogen hemiphosplude is 
formed from the intermediate product, FH2Cl-j-rHs=’p2H4-{-HCI, as in the case of 
ammonia. K. Hanslian found phosphonium iodide is decomposed by 
forming phosphorus and hydrogen iodides. J. J. llouton de la Billardi^ said the 
salt is not decomposed by hydrochloric add ; and U. S. Scrullas found that the 
salt at ordinary temp, is inflamed by chloric, bromic or iodic add, while perchloric 
add acts only slowly even when warmed. The dry chlorates, bromates, iodates 
also inflame phosphonium iodide at ordinary temp. ; potasdnm perchlorate 
decomposes it dowly even when warmed. J. J. Houton de la Billardibro found that 
hydrogen sulphide is without action on the salt ; while G. S. BeruUas showed that 
sulphuric add is reduced by phosphonium iodide, forming hydrogen sulphide and 
sulphur dioxide, which react so that the result of the reaction is to produce sulphur, 
phosphorus, iodine, a phosphorous acid, and hydrogen iodide. H. Bose, J. J. Houton 
de la Billardi^, A. W. Ho&iann, C. F. Bammelsberg, and J. Messinger and C. Engels 
found that with a cone. soln. of ^nlnlntl^l^ phosphine is given oil and ammonium 
iodide is formed. G. S. Scrullas found that with nitric add at ordinary temp., 
phosphonium iodide bursts into flame ; while dry potassinm nitrate decomposes 
it only slowly even when warmed. According to £. and P. Fireman, phosphorus 
pentachloride acts but slowly at ordinary temp., and only at the points of contact : 
3PClB+3PH4l=Pl3+PCl3+]2HCl+ftP. P. do Wilde observed that much heat is 
developed by the action of phosphorus trichloride on phosphonium iodide, forming 
hydrogen chloride, phosphine, hydrogen diphosphidc, phosphorus tetraiodide, etc. 
A. Besson found that phosphofjl Chloride reacts vigoiously at about 100 °, forming 
hydrogen chloride, phosphorus tetraiodide, red phosphorus, and mctaphosphoryl 
chloride ; while when heated with ihiophosphoryl chloride, there was no sign of the 
formation of phosphorus thiodiiodide, PgSI^. E. and P. Fireman represented the 
action of antunoi^y pentachloride at 100°-il0° in a sealed tube, by the epation : 
3SbC!lB+3PH4l=“.Sbl3+2SbCl3+9HCl+PH3+2P; at ordinary temp, the reaction 
proceeds with explosive violence. J. J. Houton de la BillaidiL^rc, and H. Jahn 
found that carbon dioxide has no action on phosphonium iodide. G. S. Berullas 
said that it is decomposed by alcohol, forming ethyl iodide and pliosphinc. 
G. S. Serullas showed that the iodide is not decomposed by hot a^c add. 
J. de Girard examined the action of phosphonium iodide on aldehyde ; and 
S. Litthauer, on benzaldehyde. E. Drechsei said that phosphonium iodide does not 
react with carbon disulidiide below 140 °, but above that temp, trimethyl-phos- 
phonium iodide is formed: 3CS2+4FH4l=P(CH3)3HlH-CH2S+3rSI. H. Jahn 
observed a number of other products— phosphine, methane, and traces of other 
hydrocarbons, hydrogen sulphide, and a dark red substance with the composition 
CBH0S7PeOi2. A. Besson represented the reaction with carbonyl chloride : 
(PH4l-j-8COCl2=16HCl-|-6CO+P2^4+2F ; and J. Traubo found that it dues not 
react with moist CFonogen chloride. According to G. S. Serullas, mercuric cyanide, 
or potasriom cyanide, reacts with phosphonium iodide, forming mercuric or potas- 
sium iodide, hydrogen cyanide, and phosphine. 

J. J. Houton de la Billardi^re found phosphonium iodide has no action on 
mercury. G. B. Berullas showed that dry ailver nitrate reacts vigorously with 
phosphonium iodide with the development of much heat, forming silver iodide and 
phosphate; silver oxide forms silver iodide and spontaneously inflammable 
phosphine ; merourous chloride gives mercuric iodide, hydrogen chloride, and 
phosphine ; and mercurous bromide forms mercuric iodide, and phosphonium 
bromide. E. and P. Fireman represented the reaction with tin tefrachloride at 
about 100° in a sealed tube : 4SnCl4-l-*PH4l.=Snl4+3SnCl2+10HCl+2PH8+2P ; 
and at 250 ° to 260 °, 6 SnCl 4 + 6 PH 4 l=: 3 SnCa 2 + 3 SnIa+ 18 HCl+ 2 PH 3 + 4 P. 

H. Bose,^ H. Bufi, A. Stock and co-workers, A. J. Balard, and W. B. Hodgkin- 
son made observations on the action of phosphine on sulphuric acid. According 
to A. Besson, when hydrogen phosphide is passed into sulphuric acid at the ordinary 
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temp.i there is considerable development of heat, sulphur separates, and sulphurous 
acid is formed. If the acid is previously cooled by means of ice and salt, the gas is 
somewhat largely absorbed, and the liquid remains limpid. After a time, however, 
it begins to decompose in the manner indicated, the temp, rises, and decomposition 
becomes very rapid. If the acid is cooled to ^20” or —25*^ by tho rapid evaporation 
of methyl chloride, a spupy liquid is obtained, from which a white, crystalline, 
highly deliquescent solid separates; this seems to be phosphoiiiiim sulphate. 
When thrown into water at the ordinary temp., it dissolves with a strident noise, 
and hydrogen phosphide is evolved, but the sulphuric acid is not reduced. When 
exposed to air at the ordinary temp., the phosphorus is oxidized to phosphoric, 
phosphorous and hypophosphorous acids, whilst tho sulphuric acid is reduced to 
sulphurous acid and sulphur, with a small quantity of hydrogen sulphide. For the 
electrolysis of the soln., vide supra, phosphonium^amalgam. 
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§ 11. The Lower Hydrogen PhosphidOB 

The history of these phosphides has been reviewed in connection with phosphine. 
The so-called liquid hydrogen phosphide, or hydlOgOB hemiphosphide, r2[T4, was 
obtained by F. Th^nard ^ in 1B15 by passing the gases obtained by the action of 
water on calcium phosphide, Ca^Fs, through a U'tube immersed in a freezing 
mixture. Ten years earlier, U. J. J. Leveiriei had suggested that some hydrogen 
phosphide other than phosphine was contained in spontaneously inflammable 
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phosphuretied liydiogen. The first action of water on the calcium phosphido is 
supposed to result in the formation of this compound : Ca3P24'6H20-=3Ua(0H)2 
+P2^4+H2 ; and much of the hydrogen hemiphosphide so formed is at the same 
time decomposed into hydrogen diphoapbide and phosphine : 5P2H4==CPIl3+P4H2. 
A. W. Hofmann prepared the gas by this process; and L. Gattermann and 
W. Hausknecht recommended the following modification : 

A S-uei'kod Woulfe’n bottle, A, about S litres capacity, is fitted up as shown in Fig. 19 
One tube, F/, is for the introdurtion of hydro- 
gen; a second tube (about 2-5 cma. bore) 
serves for the introduction of the calcium 
phosphide. Both those tubes dip beneath 
the surface of tlia 1-6 litres of water con- 
tained in the bottle. A third tube for the ozit 
gases is fitted with n vertical condenser, B, 

BO that most nf the moisturo may be re- 
moved from tho gas. The liquid hydrogon 
phosphide condennos in a suitable tube, C\ 
cooled by a freezing mizturo. 'J'lio gas tlien 
passes to a second Woulfo’s bottle, D, con 
taining conr. liydrocliloric arid in winch 
any liquid piiofiplude in the gas is converted 
into a yellow solid ; the gas pasHOs on and 
i& Ignited in tho flue After the air has 
boon exi>clled from tlie Apparatus by tho 
fiirrczit of h} drogim, and the largo Woulfo's 
linttlo lieatcil to about OU' by moans of a 
uutor-bath, fragments of rali'ium phospludn 
about tho Bizu of a iiea are mtnidueed at 
(ho ratrof aliout 5(1 gnus m 15-20 mmu( os 
Wlicn about a quar( er of thij amount hob 
boon adilid, liquid phosphido begins to 
i‘olLoct 111 the cuiidonscr. A yield of Itotwceu 3 and 4 c c. of liquid is obtained for every 100 
grniB. of calenim phos]jhide 

A. Micbaeh'R and M. Pitsch said that this same phosphi(]e is formed when acetyl 
rhlorirle Tonct^i with hypo])hofiphorou8 acid, iu a side reaction involving: 4H3POD 

= U,P04-|-H3P0,+n20+P2H4. 

Hydrogen hemiphnsphidc at ordinary temp, is a colourless, strongly lefrarting 
liquid whirli, according to L. Gattermann and W. Hausknecht, has a sp. gr. 1 -D 07 at 
and 1'016 at 12 ° ; and a vap. density 74-73 to 77*0 in agreement with the value 
71 ) required for the formula P2H4- formally analogous with hydrazine, N2H4 ; and 
if the phosphorus lie here tervalent, the graphic formula is probably H3— P- -P— H2. 
M. (Voullebuis also found the vap. density in agreement with this formula, which 
is ba'^ed on the uiialyses of L. Gattermann and W. Hausknecht, and P. Tlienard. 
No reliance can be jdared on the vapour density determinations because the vapour 
is probably the decomposition produrts nf the hemiphosphide. P. Tlicuard said 
that the liquid does not solidify at —20°, and it vaporizes between *10° and 40 °, and 
at the same time is more or less decomposed. L. Gattermann and W. Uanskiiecht 
gave 57 ° to 58 ° for the b.p. at 735 mm, press. No residue remains provided the 
temp, does not exceed 80 °. The distilled liquid is even less stable than tho tiriginal. 
Healed tuboM containing the liquid should nob be kept for any length fif time since, 
owing to decomposition : r)P2H4=0PIl3+p4ll2, the internal press, may reach the 
bursting point. No deposition of any solid occurs when tlie liquid is'kcpt for some 
time, but the liquid becomes yellow, presumably owing to the solubility of the solid 
rliphosphide in the .liquid hemiphosphide. P, Theiiard found that the liquid 
decomposes when exposed to light, forming about 38 per cent, of the solid 
diphoapbide, and 62 per cent, of phosphine : 5P2H4=6PH3+r4H2. This is in 
agreement with the observations of L. Gattermann and W. Hausknecht, 

P. Th6nard said that the liquid is spontaneously inflammable in air, and the 
presence of a trace of the vapour — 1 : fllXl — ^makes phosphine and other combustible 
gases spontaneously inflammable in air. The white flame fumishes a thick 



Fia. 19 —Tho Prcpniftlion of Liquid 
Hydrogon Pli 08 pliide. 




B30 


INOROANIC AND THEORETICAL CHEMISTRY 


white smoke of phosphoious oxide. V. Merz and W. Weith, and A. W. Hofmann 
found that a mixturo of led and yellow phosphotos is deposited on a piece of 
cold procplain held in the flame of the burning hemiphosphide. F. Thfinard 
found the liquid hemiphosphide to be insoluble in water; while alcohol, and tur- 
pentine appear to dissolve the liquid, but the soln. is very unstable, and rapidly 
decomposes. As in the case of hydrogen dioxide, the liquid hemiphosphide 
decomposes in contact with difierent substances which act as catalysts; for 
instance, an indefinitely large quantity is decomposed by a c.c. of hydrogen chloride 
gas, or, according to A. Stock and co-workers, by charcoal, pumice-stone, wadding, 
etc. L. (rnttermann and W. llausknecht tried unsuccessfully to prepare com- 
pounds of the liquid hemiphosphide with aldehydes and ketones similar to those 
formed by hydrazine. 

H. llose^ observed a yellow powder is formed during the decomposition of 
potassium phosphide by water, and G. Magnus showed that when this substance 
is heated, it gives ofl hydrogen, and he therefore called it Wassenttoff phosphor, 
F. Thenard showed that the yellow solid has the empirical composition of bydlOKen 
diphosphide, and this is in agreement with analyses by B. Schenck, and 
L. Amat. Mol. wt. detenninutionLS agree with the formula, (P2 H)b, or P]2H5. This 
compound LS often referred to as yellrm or solid hydrogen phosphide, 
U. J. J. Leverricr found that when phosphine is exposed to light, yellow flukes 
of the solid hydrogen phosphide arc produced ; and P. Thenard obtained a greenish- 
ynlluw residue in the preparation of phosphuretted hydrogen from alkali-lyo and 
pliosphoius, and this he regarded as an isomeric modification of the yellow solid 
pho. 4 phidQ. II. Bose, P. Thenard, and H. Schenck also observed the formation 
of the diphosphide in the action of woter on calcium phosphide ; and P. Jolibois 

in the action of conr. hydrochloric acid on 
zinc phosphide. The usual method of prepa- 
ration is l)y the action of water on calcium 
phosphide. This process was employed by 
A. Stock and co-workers, H. Kosc, M. I'roulle- 
huis, B. Schenck, and P. Thenard. W. Lenger s 
directions are as follow ; 

A 3-litre flask, Fig 20, Ihrce-fourtlm filled 
with water, is fitt^ up as Hhewn in the dmgram, 
and placed m a water-liaih at 61) ^ A lube (2 cinii. 
bore), in fitted into tlie nock uf the flask by a 
rubber Btoppnr ; this tube dips liolnw the surface 
" ^ of the water in the flask and serven for tho intro- 

ducuoii of the ralnuni phosphide. The gases 
first pass through a vertical condenser, V (about 
10 rms. long), in order to remove most of the 
inoisturp, and then tlirough three tubes (45 rms. 
long, and 2-5 crn^i. bore), Tdlcd with fragments 

of cakium chlorido about tlio size of a pea. 
About 200 or 250 gnus, an^ iiocdfMl to charge the 
tubes. Tho calcium chlorido uhod should dissolve 
in dll. hydrochloric acid without residue. Tlie 
calcium rldurido iuhen are protected from light 
by covermg them with blac‘k paper. Tlie liquid 
hydrogen hemiphosphide accoinponymg the phos- 
phurottod hydrogen is decomposed on commg in 
cnnta<‘t with the calcium chloride. The exit tuba 
dips below tlie surface of cone, hydrochloric acid 
in a 2-nockBd bottle, E, before it loaves the system ; 
if the mlciiun chloride tube bo not workinic properly, some flakes of yellow hydrogen diphos- 
]jlado will a])p4^ar in the acid. The escaping gas is thence led to the flue, and there igmted. 
When the caJeium plioB]))iide has been ^ added (about a kilogram in 6 hrs.), a stream of 
carlioii dioxide is H(>nt through the system by connecting a with the tube dipping in the flask. 
Most of the yellow hydrogen diphosphide will be found in the first two calcium chloride 
tubes, and it can be recovered by diwolving the contents in dil. hydrochloric acid (about 
500 C.C.) cool< d in 0”, and well stirred to prevent local heating. The solid diphosphide, 
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Aooting on ihe Barfafie of the acid, ie wuhed with ice-oold water for about S minutMi 
then washed ^th alcohol, and finally with ether which has been distilled from eodinm s 
and the solid ie then allowed to stand for about 12 brs. over concentrated sulphurio acid 
in vaouo. The yellow diphosphide must be protected from light during these operations. 

kilogrm of calcium phosphi^ fumishes from 6 to 8 grins, of the yellow hydrogen 
diphosphide. The dry product is beat preserved in an ice-chest, since at ordinary temp, 
it is liable to decompose and turn a red colour. 

P. Th 6 nard showed that the solid diphosphide is formed by the action on the 
hemiphosphide (;.e.) of light, hydiochloiic acid, rolatile chlorides, and many other 
Bcbstances ; and it is likewise formed under similar conditions from spontaneously 
inflammable phosphine which contains some hemiphosphide. D. Amato observed 
its formation by the partial oxidation of spontaneously inflammable phosphine at 
10‘*-12‘* : 6 P 2 H 4 + 902 = 6 H 3 P 03 +p 4 ll 2 ' M. Berthelot noticed the formation of 
the diphosphide when phosphine is exposed to the electrical discharge : 4 PH 3 
=s 5 H 2 +P 4 U 2 ; ^ and U. J. J, Leverrier, when chlorine mixed with an equal vol. of 
carbon dioxide is passed into an excess of phosphine ; with chlorine alone, the temp, 
produced is so high that phosphorus separates alone. F. de Wilde, and A. Besson 
observed the formation of the solid diphosphide by the action of pkospherus 
trichloride or tribromide on phosphine, A. Stock and co-workers added that the 
yields are small. A. Besson obtained the solid hydride by the action of phosphine 
on silicon hcxachloride at — 10 °. F. Kiidorfi showed that the solid diphosphide is 
formed when phosphorus diiodide is treated with water: 10 P 2 T 4 -h 45 H 2 O 
=-- 2 PH 3 + 3 H 3 P 04 +llH 3 pC^+ 4 ^^Ilf+ 2 (P 2 H) — W, Hittorf said that red phos- 
phorus is the product of this reaction: 3 Pl 2 -|- 3 lT 20 =Gin-|-r 203 -|-F. A. Stock 
and co-workers said the reaction is not suited for prep^uing the solid diphosphide. 
r. de Wilde noticed that the solid diphosphide is formed along with phosphine, 
etc., when phosphorus trichloride acts on phosphoniiim iodide; and J. C). Cain 
found it among the products of the action of chlorine on phosphonium iodide. 

A. Joly obtained the yellow diphosphide among the products of the action of 
metaphosphoric acid on phosphorous acid at ; and L. Amat, by heating a 
mixture of phosphorous acid and phosphorus trioxide. A. Colson observed the 
formation of the solid diphosphide when a soln. of phosphorus in turpentine is 
heated to 250°. 

Hydrogen diphosphide, prepared by P. Thenard, U. J. J. Leverrier, and' 

B. Schcuck, is described as a canary-yellow powder without smell or taste. According 
to A. Stock and co-workers, the sp. gr. of the solid is 1*B3 at 19° ; J. Ogier found the 
beat of formation from yellow phosphorus to be ( 1 F,H 2 )= 35-1 Cals. The mol, wt. 
determined by B. Schcnck and £. Buck from the lowering of the f.p. when dissolved 
in molten phosphorus is 376, in agreement with «)79 calculated for r] 2 lIo. A. Stock 
and co-workers found that the diphosphide can be preserved in darkness over 
a desiccating agent lor 24 hra. without appreciable change, but when exposed 
to air, it acquires an acid reaction, and gives oil phosphine. They also showed that 
it is quickly decomposed when exposed to light ; and U. J. J. Leverrier reported 
that when submerged in water hydrogen is evolved, and phosphoric acid is formed. 
According to U. J. J. Leverrier, the diphosphide decomposes into its elements 
when heated to 175° in a current of carbon dioxide, and in air it ignites between 
1 4U° and 150° according to its state of subdivision. It also decomposes when heated 
in an atm. of hydrogen, forming phosphine, and with a stronger heating, phosphorus, 
L. Amat said that when slowly heated to 215°, it decomposes as represented by the 
equation ; Pi 2 Hb= 2 FHs-|- 10 F ; and B. Schenck observed a slight decomposition 
when heated in vacuo at 100°. A. Stock and co-workers said that in vacuo gas 
begins to come off, and the decomposition almost ceases at 200 °, but begins again 
at 260°, indicates the possible existence of another solid phosphide-^e infra 
The diphosphide is inflamed when suddenly heated to 100 °, or when struck with a 
hammer. U. J* J. Leverrier found the diphosphide is insoluble in water and alcohol ; 
and, added P. Th 6 nard, it is not dissolved in any liquid, other than the 
hemiphosphide, without decomposition. B. Schenck and E. Buck showed that it 
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iB soluble in molten phosphorus, forming a jellow liquid, A. Stock and co-workers 
found it is not soluble in liquid phosphine, nor in any liquid tried other than 
molten phosphorus, and hydrogen hemipliosphide. T. Thenard showed that the 
diphosphidc decomposed by chlorine or chlorine-water, forming hydrogen chloride 
and phosphorus pentachloride in the former case, phosphoric acid in the latter 
case. P. Thenard found that when mixed with potassium chlorate it detonates when 
struck with a hammer, or when warmed a little; the diphosphidc is rapidly 
decomposed by sulphuric acid, the acids of chlorine, and nitric acid; and, 
added U. J. J. Leverricr, a drop of cone, nitric acid causes inflammation, while 
with dil. nitric acid, it is decomposed and dissolved. R. Schenck showed that the 
diphoHphide is blackened when treated with cone, aq, ammonia. A. Stock and 
co-workers, and W. Longer found that the diphosphide dissolves in liquid ammonia 
at — 40 °, evolving phosphine and forming a red liquid, resembling ^\^i^-iodine soln., 
but in a few days becomes pale yellowish-red. When the sealed tube is opened, and 
the ammonia and phosphine have escaped, there remains a black solid — hydrogen 
enneaphosphide associated with ammonia. When the diphosphide is treated with 
piperidine, an energetic reaction occurs, phosphine is evolved, and there is produced 
hypophosphorous acid and a black solid— hydrogen amminodiphosphide, 
Fx^Hq.SNHs — ^ which R. Schenck believes is to be regarded as ammonium hydro- 
tetraphosphide, NH4P4H, where P4H2 is considered to be a monobasic acid. 
P. Thenard found that phosphorus pentachloride acta on the diphosphide like 
chlorine, but phosphorus trichloride, stannous chloride, or titanium tctrarhloridf' 
has no action. A mixture of the diphosphide with silver oxide or mercuric oxide 
detonates feebly by percussion ; and a mixture with cupric oxide detonates 
vigorously when heated. An alcoholic soln. of potassium hydroxide docompo.^es 
the diphosphide, giving off hydrogen and phos])hine, and forming a red soln. which 
with water gives a yellow precipitate, and some hypopIin.sphite is formed at the same 
time. The precipitate was thought by U. J. J. Leverrier to be a suboxide, and by 
A. Miehaelis andM. Pitsch to be a tetritoxide : P4II2+H2O— P4O-I-2H2, or, accord- 
ing to B. Francke, p4H2-|-KOH-=P4lIOKH-H2, from which acetic acid precipitates 
solid P4H.OU. U. J. J. Leverrier said that copper and silver salts are decomposed 
by the diphosphide; and a soln. of copper sulphate gives a black precipitate of 
copper, and copper phosphide. 

U. Francke said that phosphoniB heniiiodide ie prepared by mixing ilia required 
quantitiea of phosphonu and iodine in carbon disulphide holii , end gradually adding the 
soln. to water with eonsiant agilation. No soparatiou of phosphorus ueeurft, but tlio aq. soln. 
of phoaphoruH hydrohi/droxylu^droiodidc, becomoH a gul dun > allow colour, 

wbilst the carbon biRulpliido iMscomoa coIouiIohs. The aq. layer in sepamled and heati^l 
to 60^ when it becomes colourlebs. deposits yellow flockH, and coni urns now only iiydriodic 
and a little hypophosphorous ai'ids. The yellow flocks ore Buid to 1 )d pJmphorw hydro 
hydroxide, r4ll.01i. This Buliblance docomposos, slowly under water, more rapidly in 
moist air, into hypophosphorous acid, phosphorus, and goi^eoua hydrogen phospliide. 
When strongly heated in a currant of carbon dioxldo, tho rnsiduo consdsts of phosphorus and 
phosphorus pontoxide. A. Michaolis and M. I’itsch, and K. W eidner consider those products 
to be the impure tetritoxide. 

According to A. Stock and co-workers, and W. Lcngcr, indications of the forma- 
tion of a solid hydrogen phosphide diilerent from the yellow diphosphide are obtained 
when ammonia acts on the diphosphide — vide syyra. They found that hydrosen 
hemienneaphosphide, Pylloi is formed when the diphosphide is warmed in aii at 
175 “ : DPi2H0—GP9ll2+6Pll3 ; and when the black ammonium saltr— inie supra— 
is heated to 200“ in vacuo, or warmed with dil. hydrochloric acid. The hemiennea- 
phosphide is either a red flocculeut powder or a red vesicular mass, according as the 
temp, is raised slowly 01 rapidly during the decomposition of the diphosphide ; it 
is stable in dry air, but in moist air it rapidly increases in weight, acquires an acid 
reaction, and becomes converted into phosphine and phosphoric acid ; it is darkened 
by contact with alkalies in the cold, and, on warming, dissolves with evolution of 
phosphine, but it dissolves readily in dry liquefied ammonia without the formation 
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of phosphine. Prolonged heating in a highyacunm at 340 ^- 360 ^ converts it into 
red phosphorus. 

According to L. Hackspill, when one of the alkali phosphides of the type M2P5 
is treated with dil. acetic acid, yellow hydrogen hemip^taphosphide, H2P5, is 
produced ; and the same compound is formed when the hemienneaphosphide is 
heated in vacuo at 80 ° for several hours The hemippntaphoaphide is considered 
to bo of an acid nature, and the phosphides M2P2 to be salts of that acid. 

U. J. J. Leveirier, anil A Gautier noted that when phoaphonis is half covered with 
phoephorouB chloride, and expoaed to air, the aq. aoln. eo obtained decompoBee at 80° 
into Iree phosphoric acid, and yellow flocks of a substance regarded as a hydrated subozide ; 
h. Francke r^orted the samo sulwtancB to be formed by gradually fulding phosphorus 
Bubiodido, P4I1, dissolved in carbon disulphide, to water. The water becomes yellow 
owing to the formation of hydrogen hydroxytetraphosphids hydrolodlde, I'he carbon 
disulphide layer becomoa colourless. When t^ oq. soln. is hmted to B0° it becomes 
colourless, and deposits yellow flocks of hydroj^ hydrexytstnphosphids, P4JI.DH. 
This sutisianoo decomposes slowly under water, more rapidly in moist air, forming 
phosphorus, phosphine, and hypophospliorous acid. It dissolves in alcoholic potash with 
tliD evolution of hydrogen, forming potassium oxyhydrotetnphosphlds, FiH.OK, which 
is very quickly decomposed by water: SPiHlOK)-^ 0n|O+3KOH=6^irO, 
+2?Tfa-f 4P. 'llie potossium salt is formed when alcoholio potosh-lye acta on hydrof^n 
diphobphide: The action of dil. potosh-lyo on phospliiiio 

fumishofl potaBBW7n oTydihydropJMttphvIe, PH,OK, thus: KOli^PHiOK+Hi; 

and this immediately decomposee : 4I*H|OKaP4idiH-II|+4KOH. 
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U. J. J. Lovrrricr, it., (2), 60 . 174, 1835 ; ( 2 ), 65 . 266, 1837 ; L. Amat, Pur k phosphites et k 
pyropho'^^iiUs, Paris, 1891 ; Ann. i.1iim. Phys., (6), 24 . 358, 1891 ; J. Ogier, it., (5), 20 . 16, 
1880 ; VompU Rend.. 87 . 210. 1S78 ; 89 . 707, 1879; Re€herchr<t wr les combtnaiwns de Vhjda^hn/e 
acre k phosphore, Varf,emc ft If siUcmm, Paris, 1880; BuU. Sod. ('him., (2), 32 . 485, 1870; 
M. Borthclot, it., (2), 26 . 101, 1876 ; (^ompt. Rind., 82 . 1360, 1876 ; L. Harkhpill, it., 166 . 1466, 
1913; K. Schenck, Ber., 36. 091, 4204, 1903; R. Bohenck and E. Buck, it., 37 . 913, 1001; 
E. Buck, r/etsr den helWohn Phosphor und seine Bpztehunyen su den uhrtgen Madrji&ation de^ 
Phosphors, Marburg, 64, 1904; D. Amato, Gazz. Hhim. Ital., 14. 58, 1884; P. de Wilde, RuU. 
Acad. Bfig., (3), 8. 771, 1882 ; J. U. Cain, Vhem, News, 70 . 80, 1894 ; B. bYancko, Jovrn. prakt. 
Chem., (2), 35 . 341, 1887 ; K. Weidner, Vcher das Phosphorsuboxyd, ErlaTigen, 1909 ; A. Mirhaelis 
andM. Pitsch, Liebig's Ann., 310 . 56, 1910; M. Fitch, Ufbir Phofipkorsuboxyd, Kostuek, 1900; 
A. Stock, Ber., 41 . 1603, 1908; A. Stuck, W. Butcher, and W. Lenger, it., 42. 2^47, 1909; 
W. Longer, Lerfeste gelbe PJwsphormssir staff, und ein neuer orungproter PAosptorwvissfr- 

Berlin, 1909 ; W. Buttchor, Der festr geJbe Pho^phorwasi,erstoff und seuve Rmktion 
mit fiussigem Ammoniak, Berlin, 1908 ; A. Gautier, Ann, Vhim. Phys., 76 . 40, 1873. 


§ 18. The Metal Phosphides 

Phosphorus unites with most of the metals, forming phosphides. Phosphorus 
is electronegative towards hydrogen, and its affinity for tlic metals is rather less 
than that of sulphur. The phosphides are made by the direct union of the two 
elements usually assisted by heat, and in an atmosphere of an inert gas to prevent 
undue oxidation. In this way, at a dull rcd>heat, the metals iron, nickel, cobalt, 
(M)ppeT, manganese, palladium, platinum, and iridium united with phosphorus with 
incandescence ; and gold, silver, tin, and zino without incandescence. Phosphides 
VOL. VIU. 3 H 
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are aho mAde by heating the metal or metal salt (halides) oi metal oxide in a stream 
of phosphine or phosphorus halide ; by passing phosphine through aqueous soln. 
of the metal salts, or by the action of a soln. of phosphorus in carbon disulphide on 
a metal salt^the phosphides oi arsenic, antimony, and bismuth have been made in 
this way. Phosphides have also been made by reducing a phosphate with hydrogen 
or charcoal ; and by heating the metal with copper phosphide in an electric furnace. 
The phosphides of the strongly electropositive metals — ^like potassium and calcium 
—behave like weak salts, and they axe readily hydrolyzed by water, forming a 
hydroidde or hypophosphite of the metal and phosphine ; on the other hand, 
the phosphides of the weaker electropositive metals— e.7. iron and copper^ have 
characters like the metals, and arc clonely related with alloys ; they are not decom- 
posed by water, but some are decomposed by warming with dilute acids. Nitric 
and hypochlorous acids convert many phosphides into orthophosphates. The 
subject genernlly wants overhauling since many of the alleged phosphides hold a 
precarious position in the IL^t of cboniical individuals. 

L. [I'ritost ^ inferred that a lithium phosphide is formed when lithium is exposed 
to the Vapour of phosphorus, because the product gives off phosphuretted 
hydrogen when treated with water ; and H. Moissan made a similar observation 
with respect to the product of the action of phosphorus vapour on lithium carbide. 
Some analogous qualitative observations were made by JI. Davy, J. L. Gay Lussao 
and L. 3 . Thcnard, 6. Magnus, 11 . Bose, E. Tomkinson and G. Jlarker, and F. fierle 
on the production of potassium and sodium phosphides when the vapour of 
phosphorus, or phosphine is passed over the heated alkali metal ; by P. Viginr, when 
the two elements are fused together under petroleum and the excess of phosphorus 
removed by washing with carbon disulphide ; by R. Bunsen, and J. L. Gay Lussac 
and L. J. Tlienoxd, when the alkali metal is heated with pLosplinric acid or a 
]diosphate. T. de Grotihus also made impure alkali phosphide by the action of 
phosjdune on alcoholic potassium hydroxide. 

According to C. Hugot, when liquid ammonia is brought in contact with a 
mixture of potassium or sodium and red phosphorus, the sodammoiiium or 
potassammonium first formed is decomposed by the phosphorus with the liberation 
of hydrogen; potassium yields a red compound, potassium triamminopenta* 
phosphide, EP5.3NH3, which, when heated to loses all its ammonia, and 
leaves a brown mass of potassium pentaphosphide, KP5. Hodium, under similar 
conditions, furnishes so^um triamminotriphosphide, NaP^.SNils, and at 180 °, 
sodium triphosphide, Na?3. The potassium compound is not quite pure on 
account of the shght solubility of potassamide in liquid ammonia ; this phenomenon 
does not occur with the sodium compound. Both phosphides are decomposed by 
moist air with the liberation of hydrogen phosphide. 

According to A. Joannis, when hydrogen phosphide is passed into a soln. 
of potassatamonium in liquefied ammonia, the gas is absorbed and hydrogen is 
evolved, a liquid being formed which docs not mix with the ammonia, albhough 
not quite insoluble in it. When the action is complete, and the excess of ammonia 
is allowed to volatilize, fotassium dihydrogen fhosfhide or potassium phosphine, 
or potassium phogphamide, PII2E, is obtained in slender, white ncedlps, When 
heated, it is converted into pota^um ttitaphosphide, FR3, with evolution of 
hydrogen phosphide, and water also decomposes it with evolution of hydrogen 
phosphide. Sodammonium behaves similarly, the quantity of hydrogen liberated 
corresponding with the formation of sodium phosphamide, PH2Na. The liquid 
solidifies when slowly cooled. If, however, the tube is kept at 0 ° and the ammonia 
is allowed to escape, a considerable quantity is retained by the phosphide, and the 
liquid does not solidify. No definite compound of the phospUde and ammonia 
seems to be formed, and a further quantity of the latter is evolved when the liquid 
is allowed to acquire the ordinary temp. If it is heated at 66°, still mote ammonia 
is liberated, and the residue solidifies, and has the composition sodium phosphamide, 
PH2Naf It decomposes in the same manner os the potassium compound, furnishing 
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iodblli tritaphoohU6« NasF. When nitroTiB oxide is allowed to aet on them 
derivativee of phosphine, a volume of nitrogen is liberated equal to the volume of 
nitrous oxide employed, and the action is therefore quite different from that 
between nitrous oidde and the amides. If a mixture of red phosphorus and sodium 
be left in contact with liquid ammonia, yellow crystalline sodium phosphinotrita- 
phospludc, Na3P2Hs, or NagP.FHg, is formed simdtaueously with phosphine, and 
Bodamide. If an excess of sodium is not used, sodium phosphamide, PH2Na, is 
produced. The phosphinotritaphosphide is decomposed by acids and by water 
with the liberation of phosphine, and when heated above 180°, it loses phosphine 
and hydrogen ; at 150°-200°, less phosphine ; and at 200°-300°, hydrogen alone. 

H. Mnissan made qualitative observations on the formation of rnbidilim 
phosphide by the action of molten phosphorus on rubidium hydride ; and likewise 
on CQBSiam phosphide. L. llackspill and R. Bossuet prepared a series of alkali 
phosphides with the general formula M2P5, by distilling successively 2-3 gmos. of 
metal and a large gloliule of phosphorus into an evacuated tube, and heating the. 
mixture to 400°-d.30° — ^with sodium, a temp, of 450° is necessary. A black mass 
is formed containing the free metal, but after heating for 100-150 brs. this is 
volatilized, and the reddish-brown phosphide remains. In this way, they obtained 
sodiom hemipentapho^hide, NosPs ; potassium hemipentaplmphiitei 
of sp. gr. 2 ; rubidinm hemipentaphosphide, Rb2P5 ; and ceeaiiim hemipentap 
phosphide, CS2F5. At 0°-100°, the four phosphides resemble cadmium sulphide 
in appearance, but become darker at higher temp., and are almost colourless when 
cooled in nitrogen. They melt near 650° with decomposition and the loss of 
phosphorus ; they decompoae in air ; and when treated with water yield a solid 
hydrogen phosphide logothei with a little phosphine and hydrogen. L. Hackspill 
found that witli very dil. acetic acid, the yellow solid is hydrogen hemipenta- 
phosphide, HnFsi nnd lids is considered to be the acid parent of the pbospbides 
M^Pg. The rubidium salt was found by L. Hackspill and R. Bossuet to form a 
limpid Boln. with liquid ammonia, which on evaporation at —18° deposits yellow, 
transparent crystals of rubidium pentamminohemipentaphospbide, Rb2F5.5NH2. 
This phospbidc eflloresees with the loss of ammonia at ordinary temp. ; it dissolves 
ill liquid ammonia, and the soln. reacts with liquid ammonia soln. of the nitrates 
of barium, strontium, calcium, silver, copper, and lead, forming amorphous pre- 
cipitates, yellow in the case of the alkaline earth metals, brown with silver, and black 
with the others, 

W. B. Sebober and F. W. Spanutius ^ have reported the preparation of salts 
of the phosphorus analogue of hydrogen cyanide. When phosphine is passed over 
heated sodiuin, PILNa. or NagHP, or NajP, is formed, the reaction is possibly 
analogous with the action of ammonia on sodium : 2Na-|-2NHs=2NH2Na-|-H2 ; 
when sodamide, NaNlT2, is treated with carbon monoxide, sodium cyanide is formed : 
NaNH24-U0==NaUN+H20, and when the corresponding derivative of phosphine 
is treated in a similar way, sodium phosphocyanide, NaOP, is formed : NaPH2+^() 
=NaCP-|-H20. The compound is very unstable, it gives off phosphine and forms 
formic acid : Na('SP-h2I^!>^=^^3+I^-COONa, when treated with water. 

Some general remarks on the combination of copper and phosphorus were made 
in connection with the action of phosphorus on copper—^. 21, 6— and copper 
phosphides with Cu : P in the at. proportions 3 : 1, 5 ; 2, 2 : 1, 3 ' 2, 1 ; 1, and 1 : 2 
have been reported at various times. These compounds, nr lathci alloys, were 
obscived towards the end of the eighteenth century by A. S. Marggraf,^ B. I’clietier, 
and B. G. Sage. The relation of copper to phosphorus is important because it is 
largely concerned with the production of the so-called phosphor-bronzes obtained 
by H. de Ruolz-Montchal and H. de Fontenay about 1854. The effect of copper 
on these alloys is discussed in connection with the properties of the alloys of tin 
^7. 46, 5. Alloys have been made by the direct union of copper and pbospborua 
vapour— by B. Pelletier A. B. Marggraf,, R, Lilpke, E. Hcyn and 0, Bauer, 
F. A. Abel, A. Granger, A. Schrotter, H. H. Hvoslef, etc. ; B. Casoria passed the 
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vapour of phosphorus over cuprous chloride or nitrate ; by heating a miziure of 
copper and carbon with phosphoric acid or a phosphate— by B. Pelletier, B. 0. Bage, 
F. Beithiei, II. Schwarz, C. Ktinzcl, P. Mellmann, etc.; by heatiiig mixtures 
of copper oxide, phosphorus, and carbon— by G. Seyboth; by heating copper 
phosphate admixed with carbon— by P. Berihiei, L. Gn^tat and J. Chavanne, 
C. Matignon and R. Irannoy, etc. ; by treating soln. of copper salts with phosphorus 
— ^by R. Bdttger, A. Oppenheim, A. Joannis, etc., by the electrolysis of molten 
phosphates or phosphoric acid, using copper electrodes— by H. Davy, H. N. Warren, 
V. Buxekhard, L. DiU, etc. ; and by the electrolysis of soln. of copper salts— 
E. Goerke, R. Bottgor, D. S. Ashbrook, 0. N. Heidenicich, etc. T. Sidot made 
some general observations on the crystals ; B. G. Sage, and H. do Ruolz-Montchal 
and H. de Fontenay, on the sp. gr. and hardness ; W. R. Webster and co-workers, 
on the mechanical properties; A. Matihiessen and C. Vogt, on the electrical 
conductivity ; and other observations on the properties have been indicated, 
8. 21, 6. A. Rietzsch mcasuiod the thermal and electrical conductivities. The 
ohetnical properties were discussed by A. Granger, £. Heyn and 0. Bauer, 
H. hloissan, F. A. Abel, R. Lflpke, W. G. Otto, etc. 0. lammaim and 
H. Bredemeier studied the rate of thickening of films produced on copper phosphiclo 
wlien exposed to oxygen and to the halogens. What appeared to be a coUoidal 
Copper phosphide was obtained by W. Straub by the joint action of copper, 
phosphorus, and water in air. A. Granger concluded ; 

The quantity of metalloid retained by the metal augments with the duration of heating, 
and that it tends towards a limit established by a dolliiito compound, whirli may l>o reacliod 
if the exporiment be sufficiently prolonged. Thus the phosphido approaching Cu^r, at 
the temp, of formation, can be tremsformed into a crystallmc compound CuJ^ por/ec^tly 
distinot both in its physical and chomical proportias f>iom alloys more or loss resembling 
Cu,r. 

And E. Heyn and 0. Bauci : 

(i) Alloys with more than 15 per cent, phoaphorua cannot be prepared by fusion. On 
the other hand, copper-phosphorus alloys richer in phospiionia ore prepared by heathy 
copper turnings and phosphorus at a lower temp^ature A proposal is 

maAe to apply these facte to the techniccJ production of phoB}dior-cuppor. (ii) At higher 
temperaturee those alloys rielicr in phosphorus (15'0 per cent.) lose pliuspliorus. To every 
temperature coiiosponds a delinito phosphorus content, which is reacliod os a limiting 
conciiiion by loss of phosphorus. At 1100°, this saturation phoRphorus content is 14' I 
per cent., corresponding to a compound Cu^, fiii) In rapid heating and molting of 
phosphorus-rich alloys thero is not sullicient time to reach tlie saturatiuii pliosphonis 
content by loss of phosphorus. To this fact is due the poBsihiliiy of t[H7bmcally producing 
by fusion alloys contoining up to 16 por cent, of phosphonia. The alloys wiUi over 14-1 
per cunt, phonphonis form mixed ciystols of the compound CU|F and a second compound. 
proViably Oual'c. The y solid soln. has, witli phosphorus over 14-3 per cent the samo melt - 
uig point, 1032°. Tlus temperature ooiresponds to Uie boiling point of melts which aie 
saturated y soln. 

C. A. Edwards and A. J, Ilurphy mpASured the rate at which copper reacts with 
phosphorus vapour between 600° and 700°, and referred the results to the expression 
dwldt--kAID, where A; is a constant ; u denotes tlie number of grams converted 
into phosphide in the time i min. ; the area of the exposed copper in S(][. cm. ; 
and D, the di^pth in cm. 



c 

D 

A 

dw/dC 

fc 

[10 

0*023 

7-447 

0*120 

0*000371 

600° 

30 

00616 

6*625 

0-044 

0-000346 


60 

U°069 

6°260 

0*03 

0000331 


16 

0-063 

6-603 

0*20 

0*00160 

640° ' 

30 

O’OBO 

6-013 

0-111 

0-00147 


60 

0 123 

4*986 

0-04 

0*00107 


110 

0*106 

6*607 

0*40 

0-00770 

700° 

30 

0-203 

3*68 

0-133 

0-00730 


[60 

0°267 

2*691 

0*033 

0*00327 


The results for k are very fair at 600° and 610°, but not so for the 60-minute observa- 
tion at 700°. F. E, Demmlei gave 400° as the most satisfactory temp, for 
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phoBphoiiang copper ; but C. A. Edwards and A. J. Murpliy showed that 640” 
IS nearer the mark. 

It has been possihle to examine only a portion of the equilibrium curve because 
copper cannot hold much over 14 per cent, of phosphorus at a red-heat. F. A. Abel, 
and A. H. Hioms worked with alloys containing up to 14 per cent, of copper. 
A. Granger said that phosphorus begins to act on copper at about 4UO°, and at 
about the copper can take up between 29 and 30 per cent, of phosphorus, 
while E. Heyn and 0. Bauer made an alloy with 20 per cent, of phosphorus at 700“— 
but in all cases the phosphorus is expelled at a higher temp. P. E. Deinmler, 
A. K. Huntington and C. H, Desrh said that at ordinary press. 15 per cent, of 
phosphorus is the limit dissolved, and A. E. Tucker found that with alloys contain- 
ing this amount of phosphorus, some of the red variety of that element is present 
in a free si ate. A. H. Hioms’ values for the f.p. of some alloys with up to 14 per 
cent, of phosphorus are as follow : 

P . . 0 0-25 4 11 5-75 B-21 903 1007 1200 13 00 14*00 

F.p. . . 1082® 1070® 1050" 820® 620" 660“ 705® 060® 000® 1006® 






300' 


Ton 


€Od\ 


5 

m 

r 








T1 


S 








? 

0/0 













- 





5 




- 








1 






- 

- 


L 

J 

r— 


- 



V 

c 






3 








r 



■o'? 

1 

L_ 

- 

u 






b 




5 / 0/5 
Per cent, phosphorus 

Fm. 21 — Vert ion of Freezing point 
C’un'’o of ('u|)poi<rho{«j))ii)niB Alloys. 


E. Heyn and 0. Bauer’s f.p. curve is shown in Fig. 21. A. H. Hioms gave 620' 
for the eutectic temp, with ti ‘2 per cent, of 
phosphorus. The f.p. of copper is steadily 
depressed by additions of phosphorus from 
the f.p. of pure copper to that of the eutectic ; 
the f.p. curve then riaes In the saturation 
point with 14 per cent, of copper. The eutectic 
alloy shows the charanteristic pearlitic struc- 
ture ; with coppoi lu excess, the mc'tal shows 
islands of copjuT surrounded by the eutectic 
matrix ; and with an excess of phosphorus, 
crystab of copper tritaphosptaide, (JU 3 P, also 
surrounded by the pearlitic eutectic matnx. 

The complete diagrem has not been worked 
out, but E. Heyn and 0. Bauer discussed the 
diagram for the case of a system of two 
elements, A and R, whirh form two compouuiis, Vi and V 2 , which give a complete 
homogeueouH scries of solid holn. y. Vj is supposed to boil without dcrompobitioii 
at G, while V 2 does not boil without 
decomposition. C. A. Edwards and 
A. J. Murphy found that there is a line 
corresponding with CA for the system : 

Cu-P. 

The tritaphosphide was analyzed hy 

F. A. Abel, A. Granger, H. Rose, 

A. Schrottoi, H. H. Hvoslef, and 
E. Rubenovitch. It is formed as indi- 
eated above, and, according to F, A. Abel, 
and A. Granger, when phosphorus 
vapour is passed over copper at 
about 900". H. Rosfj, A. Granger, 

A. Schriitter, II, H. Hvoslef, and 



Fio. 22. — Tmagiiuiry EquUilu'iuxn Dingiam 
of a Case like the System : C^i ]\ 


E. Heyn and 0 . Bauer obtained it by heating higher phosphides to say 1100”. 
A. K. Christomanos obtained it by the action of an ether or benzene soln of 
phosphorus on an excess of au aq. soln. of cupric nitrate ; K. Priwoznik, hy reducing 
cupric phosphate with charcoal at a high temp. ; and J. Ribaii, by heating cuprous 
phosphinochloride. E. Rubenovitch said that it is formed wlien phosphine acta 
on copper in the absence of air — ^the reaction begins at lB0''-200“, and is completed 
below the de.composition temp, of phosphine ; he also obtained it by the action of 
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phosphine on precipitated oupions oxide in axnmoniacal soln. of vaiious cupric 
salts, or cupiio hydroxide ; P. Eulisch, by the action of phosphine on a mixed soln. 
of cuprous and sodium chlorides ; and H. Rose, by the action of phosphine on 
heated cuprous chloride or sulphide. The tritaphosphide is a steel-piey mass with 
a crystalline fracture, or a grey powder. H. H. Hvoslef obtained it as a silvery- 
white mass. A. Bchihttor gave 6-75 for the sp. gr,, and H. H. Ilvoslef, 6-59, 
E. Friwoznik found it to be harder than copper or wrought iron, but softer than 
steel ; and E. Heyn and 0. Bauer said it is about as hard as annealed sieeL 
G. Fdciderer studi^ the thermal and electrical conductivities of copper-phosphorus 
alloys. The tritaphosphide, said E. Friwoznik, can be kept lor a long time in air 
without change, while P. Eulisch found it to bo slowly oxidized by exposure to 
air. E. Bubcnovitch said that it is rapidly oxidized in air or in oxygen at 100 °. 
When heated on charcoal H. Rose said that the phosphorus burns with a green 
flame. These dillerent observers found the tritaphosphide to be slowly dissolved 
by nitric acid, forming phosphoric acid ; it dissolves slowly in aqua regia ; H. Rose 
said that it is insoluble in hydrochloric acid, but A. SchiBttcu' said ib does dissolve 
slowly in that acid ; hot cone, sulphuric acid forms phosphine, sulphur dioxide, 
and maybe some sulphur. 0. Tammann and H. Bredeineier studied the surface 
oxidation of copper phosphide. E. Bubenovitch found the tritaphosphide dissolves 
easily in bromine water ; and docs not reduce potassium pemianganate soln. 

A. Granger made copper dipentitaphosphide, CU 5 P 2 , by passing the vapour of 
phosphorus trifluoride or trichloride over copper at a red-hnat ; E. lliibenDvitch 
made the same product by the action of a slow current of phosphine (alone or 
diluted with an inert gas) at a low temp, on copper carbonate or liyrlroxiiie, or on 
cuprous oxide suspended in water ; and J. E. Bcndcreus made it by the arfjon of 
red phosphorus on a dil, soln. of cupric nitrate. This phosjdiide forms steel-grey, 
hexagonal, prismatic crystals which are transformed into the phosphate on cx]>osuie 
to moist air. The dipentitaphosphide passes into cuprous phos])hi[Ic and free 
copper when heated to redness. The crystals dissolve in nitric arid, and in bromine 
water, and tliey reduce potassium permanganate. Hot rone, sulphuric acid is 
reduced to sulphur dioxide and sulphur. E, Kubcnovitch ])rDpared a black pre- 
cipitate of what appears to be monohydrated copper dipentitaphosphide by the 
action of a mol of phosphine (from phosphonium iodide) on an aq. soln. of two 
mols of copper sulphate. E. Rubenovitnh thinks that it is possilde that this 
supposed compound is a mixture or doable compound of the two phosjtliides 
CU 3 P and CU 3 P 2 . 

A. Granger reported the formation of copper hemiphosphide, rn 2 Pi by i^assing 
the vapour of phosphorus, diluted with an inert gas, over cof)])er licuied to about 
6 r)U°- 7 CHJ° ; and G. Maronneau, by heating a mixture of calcium phusj)hate and 
carbon in an electric arc furnace. The compound was reported by A. Bclirbttcr 
and H. H. Hvuslef to be formed by the action of the vapour of phosphorus on heated 
copper, but these directions are too vague to enable the experiments to be repeated ; 
the same remark applies to F. Casona^s statement that the compound is formed 
by the action of phosphorus vapour on soln. of cupric salts, or by bulling phosphorus 
with soln. of these salts. The formula is in agreement with the analyses of 
A. Granger, and G. Maronneau. Copper hemiphosphide is a grey mass with a 
metallic appearance, and difficult to powder. G. Maronneau found the sp. gr. to 
be 6'4. It loses phosphorus when heated to bright redness. In moist air it loses 
its lustre, and oxidizes when heated in air. Some phosphorus is expelled at 1U(X)° 
in hydrogen ; fluorine attacks it with a glow at ordinary temp., and cold chlorine, 
bromine, or iodine, as well as other oxidizing agents attack it. At dull redness, 
iodine forms phosphorus pentaiodide and a phosphide ; melted sulphur forms copper 
sulphide. It is soluble in hot nitric acid, the cold acid acts very slowly ; hot hydro- 
chlorio and sulphuric acids attack it slowly, forming in the latter case sul])hur and 
sulphur dioxide. It is not attacked by cold or hot acetic or hydrofluoric acid ; 
and it is soluble in aqua regia, and in u mixture of hydrofluorie and nitric acido, 



FHOSFHOnUB 


B39 


H. Bose lepoited coppw ditfiteldiosphld6| CusP^y to be formsd when phosphine 
is passed ovei heated oupiio chloride, or through a eoln. of cupric sulphate. This 
precipitate was also observed by J. B. A. Dumas, H. Buff, and G. Landgiebe, who 
regarded it simply as a phosphide ; E. Bubenovitch, and P. Eulisch regarded it 
as a mixture. B. Bottger said that if yellow phosphorus is boiled with a repeatedly 
renewed soln. of cupric sulphate, or acetate, a mixture of phosphide and basic sul- 
phate or acetate is formed i when the washed product is digested with a soln. of 
potassium dichromate acidified with sulphuric acid, there remains the ditritaphos- 
phide. Bed phosphorus forms only a superficial film of this phosphide ; a soln. 
of cupric chloride will not do because it is simply reduced to cuprous chloride. 
A. K. C'hiistomanos obtained it by the action of a soln. of phosphorus in ether or 
benzene on a not too dil. aq. soln. of cupric nitrate not in excess. H. Moissan 
obtained it by the action of phosphorus vapour in an atm. of nitrogen or carbon 
dioxide, on copper at a dull red-heat ; and B. Beinitzer and H. Goldschmidt, by 
passing phosphoryl chloride or phosphorus trichloride over copper at 250° — 
phosphorus pentachloride forms cuprous chloride and phosphorus trichloride; 
and phosphoryl chloride gives a number of by-products, cupric chloride, phosphorus 
peutoxide, and trioxy tetrachloride. The compound was analyzed by H. Moissan, 
H. Bose, T. Parkman, and B. Bottger. A. K. Christomanos obtained the ditrita- 
pLosphide in black flocks, and in black, needle-like crystals ; usually it appears 
as a black powder, which, according to G. Landgrobe, melts more easily than copper, 
but it is probable that the ditritaphosphide was decomposed during the fusion, for 
H. Bose said that when heated to redness in hydrogen it loses half its. phosphorus ; 
T. 8idot, and II. Moissan also noticed that phnsphorm> was lost when this phosphide 
is heated in a test-tube. T. Sidot gave 6*350 for the sp. gr., and found that the 
tindy-divided ditritaphosphide bums vigorously in chlorine. B. Bottger said 
that when heated with iodine and water it furnis cuprous iodide, and hydriodic 
and phosphoric acids ; if the ditritaphosphide prepared at the high temp, be treated 
with hydrochloric acid, it docs not readily dissolve, but that prepared at a low temp, 
dissolves more easily than copper in the presence of air ; anti when boiled cuprous 
chloride and phosphine are formed. B. Bottger said that when the ditritaphosphide 
is mixed with potassium chlorate it detonates when struck with a hammer. The 
dilritupliosphide prepared ut a high temp, is not attacked by sulphuric acid, but 
the low temp, form is dissolved by the hot acid giving off phosphine and sulphur 
dioxidti ; with nitric acid, phosphoric acid is formed. When a mixture with 
potassium nitrate is heated, detonation occurs. T. Sidot found that phosphine is 
given off when the ditritaphosphide is acted on by au arj. soln. of potassium cyanide. 

0. Brnmcrling prepared copper monophosphide, UuF, by heating the two con- 
stituents in a scaled tube ; A. Granger, by the action of phosphorus vapour on 
copper at 600° ; H. Goldschmidt, by the action of ])hosphuiu8 pentachloride on 
copper ; A. Granger, and T. Sidot, by the action of a soln. of copper hydrophosphite 
on red phosphorus ; U. Bose, and F. A. Abel, by heating in hydrogen copper 
phosphate precipitated by sodium Lydrophusphate ; and J. Katz, by shaking a soln. 
of phosphorus in carbon disulphide with a soln. of cupric sulphate ; washing out 
the carbon disulphide with ether ; and washing the precipitate with water, alcohol, 
and ether. A. K. Christomanos' repetition of J. Katz's process yielded only the 
ditritaphosphide. Analyses were made by 0. Emmerling, A. Granger, H. Bose, 
J. Katz, and A. K. Christomanos. The grey product, said A. Granger, looks like 
graphite. It is quickly oxidized by air, especially when heated. F. A. Abel said 
that when heated in hydrogen it passes into the tritaphosphide. The monophos- 
phidc is attacked in the cold by florins and bromine ; it is sparingly soluble in 
hydrochloric acid ; freely soluble in nitric acid ; aq. ammonia in air forms phosphate 
and phosphite ; and it detonates when admixed with potassium nitrate or chlorate 
and struck with a hammer. 

A. Granger reported oopper diphosphide, CuTo, to be formed when carbon dioxide 
charged with vapour of phosphorus trichloride, tribromide, or diiodide is passed 
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over gently heated copper, the diphoephide ia obtained as a crystalline solid with a 
oolour and lustre resembling that of silicon. It is readily attacked by chlorinoi 
bromine, oi nitric acid, and more slowly by hydrochloric acid. When heated out 
of contact with air, it yields copper phosphide and phosphorus ; heated in presence 
of air, it oxidizes, and when mixed with oxidizing agents such as potassium chlorate, 
it detonates when struck. Phosphorus trilluoride, under similar conditions, yields 
the dipentitaphosphide. 

In 1792, B. Pelletier * dropped phosphorus on to silver heated to redness in a 
crucible, and found the metal instantly melted ; he continued adding phosphorus 
until he believed the silver to bo sat. The molten mass had a tranquil surface, 
but, on cooling, much phosphorus was emitted, and the surface became imiit 
mmdonnk owing to the spitting of the silver as it rejected the phosphorus in soln. 
It was estimated that the solid silver retained about 15 per cent, of phosphorus, 
and that it lost 10 per cent, in the act of solidification. J. Percy found a maximum 
ol ()'29.^ per cent, to be retained by the solid metal. F. ITautefeuille and A. Perrey, 
and H. N. Wanen confirmed these observations in a general way. H. Andr6 
observed that fused silver phosphides absorb phosphorus vapour, and the electriral 
resistance then decreases regularly with a rise of temp. A direct current slowly 
displaces the silver, but an alternating current has no pr^rceptiblc effect at low 
temp. In addition to the formation of a silver phosphide by the direct union 
of the elements, B. Pelletier observed that a silver phosphide is formed by mint- 
ing silver with metaphosphoric acid and charcoal ; and G. Landgrebe obtained 
B phosphide by heating silver orthojihosphate with charcoal. For the action 
of phosphine on silver nitrate resulting in the formation of silver nitrato- 
phosphidc, AgsP.liAgNOs, vide 8. 22, 21— -the action of phosjdiine on silver 
nitrate. According to H. Fresenius and H. Ncubauer, carbon dioxide charged 
with phosphorus vapour forms a similar product; ami, according to ,T. B. Sen- 
derens, solid phnsjihorus reacts with a neutral soln. of silver nitrate, or, 
according to A. Oppcnheim, with an ammomacal soln. of silver oxide lurnishing 
cither free silver, or a mixture of silver and silver phusphiric. 0. Emmerling 
reported that silver monophosphide, AgP, is formed by heating silver and phos- 
pliorus in an evacuated scaled glass tube: when the product was heated in air, 
silver remained as a residue, while phosphorus was evolved. A. Rchrbtter reported 
silver hemiphospllide, Agu?|3, or Ag 4 po, to be formed by heating fin ely’divided silver 
m phosphorus vapour ; the product was said to be insoluble in hydrochloric acid, 
but freely soluble in nitric acid. According to A. Granger, silver diphosphide, 
Ag? 2 , is produced when reduced silver is heated in phosphorus vapour at 4(K)^ 
or when phosphorus acts on silver chloride at 400'*. The diphosphide is said to 
give off phosphorus in a cuneiit of an indifferent gas at 500^, and to form a new 
phosphide at 000°. The diphosphide is soluble in nitric acid ; and is attacked by 
aqua regia, and by chlorine and bromine. E. Boissuct and L. Huckspill treated 
a soln. of rubidium hemipentaphosphide in liquid ammonia with silver nitrate 
and obtained a brown easily oxidizable precipitate thought to be silver hemi- 
pentaphosphide, AgglV.. 

The affinity of gold for phosphorus is small. P. Hautcfcuille and A. Perrey ^ 
noticed that molten gold absorbs the vapour of phosphorus, and spits it out again 
on couhng. B. Pelletier noticed that by melting gold with glaciaPphosphoric acid 
and charcoal, a yellow alloy of gold with about 4 per cent, of phosphorus was 
obtained ; and E. Davy prepared a grey-coloured alloy with 14 per cent, of phos- 
phorus by heating gold with phosphorus in an evacuated sealed glass tube. By 
passing phosphine into an aq. soln. of auric chloride, a black precipitate ia 
obtained which 0. P. Oberkampf regarded as gold phosphide, but H. Rose as metallic 
gold. A. Cavazzi reported the precipitation of gcdd monophoqdlide, AuP, when 
dried phosphine mixed with the vapour of ether is led into an ethereal soln. of auric 
chloride free from water. The brown hygroscopic powder decomposes in air, 
forming the acids of phosphorus ; and it is blackened when kept 7 or 8 days in 
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vacuo. It bums in air at lOOMlO**, forming metallio gold ; and in a cniient of 
carbon dioxide at a led-heat it loses all its phosphorus. This phosphide is decom- 
posed by cold or hot water, forming phosphoric acid and metallio gold ; potash-lye 
acts like water but more energetically. The monophosphide inflames by contact 
with fuming nitric acid : and it is decomposed by dil. nitric acid, forming phosphoric 
acid, and giving ofi nitric oxide and nitrogen peroxide. Cold cone, sulphuric has 
no action, but the hot acid forms gold, phosphoric acid, and sulphur dioxide. 
A. Bchrotter reported grey-coloured gold hemitriphosphidey Au 2 Pb, AU4PQ, to 
be formed by heating gold in phosphorus vapour, but A. Granger could not zoniim 
this, and obtained instead what he considered to be AU3P4 by heating finely divided 
gold in phosphorus vapour to about 400° ; but which decomposes at a higher temp. 
It also decomposes when heated in air or in carbon dioxide, and is readily attacked 
by aqua regia or by chlorine. 

A kind of fhosphaled Ihne, a mixture of calcium phosphide and calcium pyro- 
phosphate, was m^e by the action of the vapour of phosphorus on red-hot lime 
by G. PearBon,^ S. L. Mitchill, H. Bose, J. B. A. Dumas, and F. Th6nard, and 
used for the preparation of the hydrogen phosphides (g.v.). Normal caldom 
phosphide, Ca3P2, was made by P. Vigier by melting phosphorus and calcium 
together under petroleum, os in the case of the alkali phosphides. The Chomische 
Fabtik Griesheim-Elektron made it by heating calcium carbide with phosphoric 
oxide. A. llenault, and H. Moissan prepared it by heating an intimate mixture 
of calcium phosphate and lamp-black for 3 or 4 minutes in an elertric arc furnace. 
The product is a reddish-brown crystalline mass, whereas the phosphide obtained 
by passing pliosphoros vapour over calcium in vacuo at dull redness is amorphous. 
I'he sp. gr. is 12*51 at 15”. It melts with difficulty in the electric furnace, and if 
the action of the arc is continued too long, some phosphide is decomposed. Calcium 
jdiosphide is not affected by hydrogen or nitrogen at 900°, but at 1200° is slightly 
decomposed by the latter, and a small quantity of nitride is formed. Boron and 
e.irbon are without action; at a higher temp., carbon converts it into calcium 
rarhiile. Arsenic has no action at the softening temp, of glass. Chlorine has 
no action on the phosphide in the cold, but attacks it readily at about 100°, and 
hromine and iodine behave in the same way at somewhat higher temperaturos. 
Oxygen and sulphur decompose the phosphide with incandescence at about 300°. 
Oxidizing agents, including nitrous and nitric oxides, attack it very readily at a 
red-heat, and the halogen hydracids decompose it with great energy. Concentrated 
nitric and sulphuric acids arc without action, but in presence of water the phosphide 
IS rapidly decomposed. Water acts somewhat slowly on the crystallized phosphide, 
»nd if it has been heated sufficiently in the electric furnace, the liberated hy^ogen 
phosphide is not spontaneously inflammable ; the reaction is complex, and all the 
phosphorus is not Uberatod in the form of hydride. J. A. Ilcdvall and E. Norstriim 
found that horium oxide begins to react with calcium phosphide at 331° ; and 
strontium oxide at 447°. Calcium phosphide was found by H. P. Cady and B. Taft 
to be insoluble in liquid sulphur dioxide. Ordinary organic solyents have no action 
on the phosphide. 

A. Jaboin prepared normal strontilim phospbide, Br8F2, in a similar manner, 
by heating an intimate mixture of lamp-black and strontium phosphate in the 
electric arc furnace for 3-4 minutes. The sp. gr. is 2*68, and it melts only at the 
high temp, of the electric furnace. Strontium phosphide burns in fluorine at 
the Ordinary temp., in chlorine at about 30°, in bromine at 170'^-175°, in iodine at 
a red-heat, in oxygen above 300°, and in sulphur vapour at a higher temperature. 
It is decomposed by carbon at a high temp., but not by sodium at a red-hciit ; 
by dilute acids and gaseous hydracids, but not by concentrated acids, nor by 
h} drogen sulphide or ammonia, nor by organic solvents. It alters rapidly in moist 
air, is decomposed by water with liberation of hydrogen phosphide, and is violently 
attacked by oxidizing agents. A phoapheOed banfta, analogous to phosphated lime, 
was prepared by J, B. A. Dumas, and P. L. Dulong. A. Jaboin obtained normal 
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btfimn phospbide. BagFsi by a method umilar to that employed for the etrontium 
compound. The product was a black crystalline mass of sp. gr. 3*18^. The 
properties are similar to those of strontium phosphide, but it is not so active 
chemically ; it burns in chlorine at 90°, but in bromine vapour at 260°-300°. 

F. Wohler ^ obtained an impure be^lliom phosphide by heating beryllium in 
the vapour of phosphorus ; the reartiou proceeds with incandescence ; and the 
grey pulverulent product develops phosphine when treated with water. More 
or less impure magnesilim phosphide, MgsF 2 , was obtained by R. Bunsen, ^ and 
L. Schonn by heating magnesium with dehydrated organic or inorganic substanres 
containing phosphorus. The product evolves phosphine when treated with water. 
The phosphide was made by T. F. Blunt, by passing the vapour of phosphorus in 
a current of carbon dioxide over heated magnesium. Tlie product was contami- 
nated with carbon from the reduction of the carbon dioxide ; accordingly, J. Parkin- 
son, and H, Gautier used hydrogen in place of that gns. J. Parkinson, 0. Emmer- 
ling, and K. Liipke made magnesium phosphide by heating a mixture of magnesium 
filings and red or yellow phosphorus to redness in a glass vessel. Analyses by 
T. F. Blunt, J. Parkinson, and 11. Gautier are in agreement with the above formula. 
The dark grey product is hard and brittle, and very difficult to fuse ; and H. Gautier 
obtained small grecuiah-grey crystals which are rapidly decomposed by moist air. 
All observers noted the instability of the compound in moist air, and J. Parkinson 
said that phosphine is evolved and magnesium hydroxide with traces of phosphite 
and hypophosphite are formed. H. Gautier said that the phosphide can be pre- 
served only in sealed tubes. J. Paikinson found that when heated in air it is 
oxidized superficially. H. Gautier reported that dry air and oxygen are without 
action at the ordinary temperature, but the phosphide burns in oxygen at a dull 
red-heat, and is couverted into magnesium jihusphate. Water \ ery readily decom- 
poses the phosphide, witli production of magnesium hydroxide and pure hydrogen 
phosphide. The phosphide burns brilliantly when heated in chlorine, and aI»o in 
bromine and iodine vapours at somewhat higher temperatures. Hydrochloric 
acid decomposes it with liberation of hydrogen phos])hide ; concentrated sulphuric 
acid slowly converts it into magnesium sulphate and phosphoric acid ; nitric acid 
oxidizes it with incauilcsceuLP, forming magnesium nitrate and ydiosphoric acid. 

The union of molten zinc with ]jlio>ipliorus to form a zinc phosphido was observed 
by B. Pelletier,** E. A. Lewis, E. iSaudnmont, and G. Landgrebe; F. Wohler obscr\*od 
tlie formation of a zinc phosphide when zinc is heated witli fused microcosmic salt ; 

Tronimur, when zinc and carbon are heated with yihosphoric acid ; Jl. R. Hvoslef, 
when zinc oxide is heated in phosphorus vapour; H. Rose, by the action of phos- 
phine on zinc chloride ; and H. H. Ilvoslcf, A. A. Proust, F. Selmi, and B. Rcinitzer 
and n. Goldschmidt, by heating zinc in the vapour of phosphine diluted with 
nitrogen. The equilibrium diagram of the binary system has not been investigated. 
A. Schrottci reported normal zinc phosphide, or zinc ditritaphosphide, ZnsPoi 
to be formed by heating finely-divided zinc in the vupoiu of jiliosphorus. Com- 
bination sets in towards dull redness, and continues without incandescence ; 

O. Emmerling used an analogous process. B. Renault uschI zinc oxide in place 
of zinc. P. A^igier added the phosphorus to molten zinc. 11, Liipke u^ a 
modification of this process ; and P. Jolibois obtained it by heating zinc and phos- 
phorus together in a crucible until fumes of phosphorus cease to be evolved. The 
product was fused from exce.ss of zinc, either by ignition in vacuo at 6*10^', or by 
treatment with mercury or fuming nitric acid. J. J. Berzelius, and H. H. Ilvoslcf 
used a mixture of zinc or zinc oxide, phosphoric acid, and carbon ; and B. Renault, 
a mixture of magnesium hydroyihosphate, zinc sulphide, and carbon. The com- 
pound was analyzed by A. Schrotter, H. H. Hvoslef, and B. Renault, The normal 
phosphide apytears as a steel-grey mass, which, if fused, consists of a mass of what 
H. Hager called rhomboidischen KmtaUen of sp. gr. 1-72 ; A. Schrottor gave 4-7G. 

P. Jolibois said the crystals are octahedral, and have a sp. gr. 4*D5 at 13°. At a 
high temp., this phosphide may give off phosphorus without melting. B. Renault 
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said that it melts at a higlicr temp, than zinc and volatilizes. P. Jolibois said the 
compound is infusible and sublimes in h 7 drogen at 1100'’. It is not changed by 
ail at oidinaiy temp., but if triturated in air it gives oS the smell of phosphorus. 
If heated in air, it forms zinc phosphate. Tlie phosphide is insoluble in zinc. 
R. Liipke found that it is not attacked by water, buf cold dil. hydrochloric and 
nitric acids were found by P. Sabatier to develop phospliine of a high degree of 
purity ; and with nitrosnsulphuric acid it gives the blue soln. of nitrusudisulphonic 
acid. 

H. H. Hvoslef heated a mixture of molten sodium hexametaphosphate and 
zinc turnings to redness in a retort ; some phosphorus distils oH. ami there is formed 
a dark brown sublimate which is digested with boiling hydrochloric acid, and there 
remain grey plates with a metallic lustre with the composition of zinc diphosphida, 
ZnP 2 . B. Renault obtained it by heating barium pliosphiile with zinc chloride ; 
end by heating zinc oxide in phosphine. H. Rose seems to have obtained a similar 
product by the action of phosphine on zinc chloride. V, Jolihois made it by the 
artion of phosphorus vapour on the normal phosphide at 400'", and digesting the 
product with dil. hydrochloric acid. The black powder lias a sp. gr. 2-D7 at 15° ; 
it does nut take up any mure phosphorus at 40^, and at ri(K)° it breaks down into 
phosjthorns and the norninl phosphide. It is not afiorted by cone. sul])hnTic acid, 
liut it is slowly decnniposed by cone, hydrochloric imid, forming gaseous and solid 
hydrogen, phosphides. 

B BeniUilt also claiinoil to have mads zinc monophoaphidt, ZnP, in noodle-like rryetalEi 
during till'' pioparation of tlm nonnal phosphidn ; emr Ut'^ntaphonphith, Zn,P|y aa & rod 
rchitlur by trt‘atirig t)ie oxyphoftphjilo nilh liydruclJorio acid; and zmr tilraphtisphide, 
ZuP 4 f lUTordiiig to tiie aimlyhiji, ns a yellow ro'^iduo when tho normal phuB[>hi(li9 is I mated 
mill dll h} di iK’ldnrii' noid. Tl. Konaiilt also n^purlod a zinc oxypImplulL, Znl’gO, in 
uuiii^o rod iH'cdlch in llio biiljlmioiiQn of tlie normal plioRphirlo, nr of a niixluro of riuo 
piilliliidf', L'arlM)?!, uiid a phospliatu. P. Vigier, and U. U. hvoslnf botli conbidorod tlio noodle- 
LLc crystals to be phosphide nut ox> pliobpiude. 

Acconling to hi. Drcchsel and E. KiukeLsf cin, when a current of dry phosphine 

parsed into a sulii. of zinc ethidc in absolute ether, whii;b must lie cooled by a 
Tiiixl uro of ICC uiid salt, the separaljon of a white pulverulent preripitate is observed, 
Mliirli gradually inrrea&cs in quantity. The preripitatc was cullertcd on a filter, 
w.ishinl rapidly with ahsulutc ether, and dried in vacuo over sulphuric acid. Tho 
body thus uLlaincd cuiitiiiuully exhales phosphini} when exposed to the air; its 
analysis corrcsjioiids with zinc taydiOphospUde. The zinc hydrnphosphide is 
decomposed at once by cold water, with cvolutiim of jihosphme niid formation of 
zinc hydroxide. It is c’^peeially interesting for the eatc with wdiich it is attaeked 
by clilurides and iodides ; ueetyl chloride acts upon it energetically, but the product 
of the reaction has not been thoroughly examined. By heating together the zinc 
h} drophosphide, ethyl iodide, and ether to 150°, ethyl-phosphine was produced. 

F. Stromeyer,^” and l\ Vigier olitained n cadmium phosphide by the union of 
molten cadmium W'ith zinc ; while P. Kulisoh olitabicd a phospliido by the action 
of phosphine on an ammoniacal soln. of cadmium sulphate. These products were 
not analyzed, but their chemical behaviour wus charactiTistie of the metal phosphates. 
J\ Drawe also found a cadniiuni phosphide in the residue obtained by the ignition 
of cadmium hypophospliatc. 0. Enimcrling reported cadmium hemipho^hidCi 
t'd 2 P, to bo formed when cadmiimi is heated for 12 hrs. with phosphorus. The 
grey or silvery-white mass consists of ucedlcdike crystals associated with some red 
))lioBphoruB, The product is soluble in hydrochloric acid with the evolution of 
phosphine. A. Oppenheini boiled cadmium oxide with an excess of phosphorus 
in potash-lye, and obtained pale brown, crystalline cadmium ditritapho^taide, 
t)d 3 P 2 . B. Renault obtained the same compound by the action of phosphorus 
Vapour at a red-hcat on cadmium, cadmium oxide, or cadmium carbonate ; and 
A. Brukl obtained it as a black, unstable, flocculent precipitate by the action 
of phosphine on an ammoniacal soln. of cadmium sulphate. Pil* acids form 
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iiou-spontaneouBly inflammable phospbine. He also obtained diphiOflphUBi 

CdF2i by beating ammonium pbospbate, cadmium carbonate, and carbon; and 
as small red crystak in tbe preparation of tbe ditritapbospbide. Treatment of the 
diphospbide irith acids gives phosphine, solid hydrogen pboerphide, phosphoric 
acid, and a cadmium salt of the arid. 

The affinity of mcioury for phosphorus is small. According to D. Gemez,^i 
molten phosphorus dissolves mercuiy, forming a colourless liquid ’which remains 
colourless until the temp, is raised, when the soln. blackens. B, Pelletier obtained 
a compound of mercury and phosphorus by heating mercury or mercuric oxide 
with phosphorus ; H. Davy obtained a combination of the two dements by the 
action of phosphorus vapour on mercurous chloride; P. Boullay, by boating 
mprcuric chloride with phosphorus; T. Thomson, by the action of phosphine 
on an aq. soln. of mercurous nitrate ; and H. Rose, on solid mercuric chloride. 
A. Brukl obtained mercurous phosphidei Hg3p, as a black, amorphous precipitate 
when hydrogen phosphide is allowed to rea^ on a soln. of mercurous sulphate in 
dil. Rulphuiic acid ; it is rapidly oxidized by the oxygen of the air, and gradually 
by dil. nitric acid. Fhoa2)hiDe is gradually evolved by the action of cold cone, 
hydrochloric acid, but much more rapidly by the action nf the hot acid ; with 
cone, sulphuric acid, sulphur dioxide is evolved. The compound is not explosive. 
A. Brukl also obtained mercuric phosphide, Hg3P2, by the action of a soln. of 
mercuric chloride in ether on hydrogen phosphide; it is a dark brown solid, 
becoming grey on exposure to air. In the cold, woter, alkalies, anil some dil. acids 
are without action, but on warming phosphine is evolved; it is oxidized in the 
cold by dil. nitric acid. A. C. Vournasos obtained a phosphide by heating the 
two constituents under molten paraffin ; and A. C. Christomanos, by treating an 
ethereal or benzene soln. of phosphorus with mercurous or mercuric nitrate. 
A. Granger, and A. Fartheil and A. van Haaien repotted the formation of mercury 
teiiatlitaphosphide, HgsP^, as a result of heating a mixture of morciiry and phos- 
phorus diiodide for 10 hrs. in a sealed tube at about 300 ^ ; and ako by leading 
(he vapour of the diiodide in a stream of inert gas over mercury ; but it is not formed 
by the action of phosphine on diy or on an ethereal soln. of ineTcurio chloride. 
A. Fartheil and A. van Haaren found that when phosphine is passed over drv 
mercuric chloride, the hydrogen chloride which is evolved does not correspond willi 
the formation of mercury ditritaphosphide. T. de Grottlius obtained an impure 
phospliide by the action of phosphine on a mercury salt. According to A. Granger, 
the tetratritaphosphide foims brown rhombohedral crystals, which arc stable when 
cold, but decompose into their constituents when heated. It inflames when heated 
in air, and in chlorine at ordinary temp. Mixed with potassium chlorate, it detona t e*; 
by percussion. Nitric and hydrochloric acids separately have no action, but it is 
easily soluble in aqua regia. A. Fartheil and A. van Haaren heated the phosphide 
with alkyl iodides in a sealed tube, and obtained tctralkylphosphonium compounds, 
P.17. F(C2H5)4.1*2Hgl2 ; F(CU3)4.1'2Hgl2 ; etc. They also found that when purified 
phosphme is passed into a 2*5 per cent, alcoholic soln. of mercuric chloride, a dark 
brown precipitate is formed which is ultimately obtained free from chlorine ; its 
composition is that of a mereuzy osyphospbide, Hg5F204— it is unstable. Some 
complex phosphides have been indicaW in connection with the action of phosphine 
on mercury salts. 

AccorvBng to H. Moissan,^^ phosphorus does not react with amorphous boron 
at 750 *’ ; but G. Dragendorff obtained what appeared to be a compound of these 
elements by heating a mixture of borax and phosphorus ; and A. Vogel obtained 
evidence of the existence of a compound of the two elements by heating boron 
phosphate, BFO4, with sodium. H. Moissan, and A. Besson prepared bOTOn 
monophoQdiide, BF, by heating the addition product, FBTs.FUg, to 300 °, or boron 
phosphoiodide, BFI2, or BFI, to about 500 ° in a stream of hydrogen. Boron 
phosphide is a maroon-colour^ powder, insoluble in all the solvents which were 
tried ; it is decomposed by boiling cone, aikali-lye with the evolution of phoHjihine. 
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Boiling water has no action on the phosphide, but it is decomposed by steam at 
400**, forming boric acid and phosphine ; cone, hydrochloric, hydriodic, or sulphuric 
acid has no action in the cold ; hydrogen fluoride attacks the phosphide at a dull 
red-heat ; and hydrogen iodide at a stm higher temp. Boron phosphide inflames 
in cone, nitric acid, and fused alkali nitrates attack it with deflagration ; it bums 
in oxygen at 200 °, forming boric and phosphoric oxides , fused sulphur has no action, 
but it is attacked by sulphur vapour ; hydrogen sulphide at a dull red-heat also 
attacks it, forming boron sulphide and hydrogen phosphide ; chlorine reacts in 
the cold with inrandescence ; bromine when heated ; and iodine has no action 
at dull redness. Nitrogen does not attack the phosphide at 500° ; but the phosphide 
inflames when heated to 200 ° in ammonia gas, forming boron nitride and phosphorus. 
When heated with finely-divided metals, the phosphide is attacked. When boron 
phosphide is heated to about 1000° in a current of hydrogen, borop tripentitaphOB- 
phide, B 5 P 3 , is formed; this compound does not inflame in chloiine below a dull 
red-heat ; it is not attacked by nitric acid, but it is attacked by fused nitrates. 

According to H. Moissan, melted pitosphorus acts with great energy on boron 
triioclirle, and if red phosphorus is heated in the vapour of the iodide, decomposition 
takes place with incandescence. If, however, a soln. of the iodide in carbon 
disulpliide is mixed with a similax soln. of phosphorus, great care being taken to 
avoid the presence of moisture, the reaction takes place more slowly. The mixture 
is sealed up in a flask and kept at the ordinary temp. ; it is at first clear, but has a 
red colour. In a few miiiules a brown precipitate begins to separate, and the 
reaction is complete iu about three hours. The product is filtered through glass 
wool, washed with carbon disulphide, and dried in vacuo, the apparatus being filled 
with carbon dioxide until the latter is removed by the pump. The product is boron 
phosphodiiodide, IIPI 2 , an amorphous, homogeneous, deep-red powder. When 
heated in a vacuum, it melts at 190°-2(X)°, and will remain in superfusion at the 
ordinary temp, for a long time ; in a vacuum, it begins to volatilize at 170°-200°, 
and condenses on the cold pari of the tube iu distinct red crystals. It is only very 
slightly soluble in carbon bisulphide, and seems to be completely insoluble in beii- 
zeius phosph 01 us trichloride, and carbon tetrachloride. It is extremely hygroscopic, 
uiid decomposes very rapidly in moist air. In presence of a large excess of water, 
it becomes yellow, without apparent development of heat, and hydriodic, phos- 
phoruus and boric acids are formed, a small quantity of phosphine being evolved, 
and fl small quantity of a yellow substance with an odour of phosphorus being 
deposited. With a very small quantity of water, the yellow precipitate is produocl 
ill larger quantity, and a distinct quantity of phosphunium iodide is formed. 
When boron phosph odiiodide is heated in hydrogen sulphide, it yields boron sul- 
phide, phusplioruB sulphide, aud hydrogen iodide without any free iodine. Dil, 
nitric acid yields pho.sphoric acid and boric acid, whilst strong nitric acid produces 
the same result, but with incandescence. Ordinary or fuming sulphuric acid has 
no action in the cold, but, on heating, free iodine, hydrogen iodide, and sulpliur 
dioxide are evolved. Phosphoions trichloride and carbon tetrachloride have no 
action even in scaled tubes at 100°. Chlorine produces incandescence with for- 
mation of boron chloride, iodine chloride, and phosphorus pentachloride. When 
heated in oxygen, the compound burns and yields iodine, boric anhydride, and 
phosphoric anhydride. Sodium has no action in the cold, but decomposition 
takes place near the m.p. of the metal. Powdered magnesium reacts with incan- 
descence. When thrown into mercury vapour, the phosphodiiodide takes fire at 
once. In the presence of carbon bisdphide the behaviour of metals is different ; 
magnesium or sodium at tho ordinary temperature produces a red compound, 
PBl, whilst silver or mercury in the cold, or more rapidQy at 100 °, yields a maroon- 
coloured compound with the properties of boron phosphide, BP. When boron 
phosphodiiodide is heated in an atm. of hydrogen, bonm phosphcdodidet BPI, is 
lonned as an amoiphons, red powder, somewhat less hygroscopic than the diiodide. 
It volatilizes in a vacuum at 210^-250° without previous fusion, and condenses in 
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orange-yellow crystals. Strong nitric add decomposes it with development 
of heat and without incandeBcenoBj iodine being liberated. Cone, anlphtirio acid 
has no action in the cold, but, on heating, i^ine, sulphurous anhydride, and 
boric acid are formed. When heated out of contact with air, it decomposes at a 
temp, below dull redness with evolution of vapour of iodine and boron phosphide. 
Mercury in excess, in presence of dry carbon disulphide, yields mercuric iodide and 
boron phosphide at the ordinary temp. 

Some unanalyzed aluminium phosphides were obtained by F. Wiililer by burn- 
ing nluniinium in the vapour of phosphorus ; but 0. Emmcrling could not maho 
the phosphorus vapour attack the red-hot nluminium. U. Fonzea-Diacon, and 
C. Matignon ignited a mixture of red phosphorus and aluminium powder iu a 
crucible and observed a lively reaction. Yellow crystals of phosphide were 
obtained ; and L. Franck obtained ncedle-Iike crystals by heating a mixture of 
aluminium and phosphorus in an atm. of air or hydrogen in a sealed tube at a rod- 
heat. A. Rossel and L. Franck prepared aluminium pentitatriphoBpliide, AI5P3, 
as a grey crystalline mass, by passing the vapour of phosphorus over aluminium at 
a high temp., aud heating the product until phosphorus is no longer evolved. 
L. Franck obtained aluminium tritaheptaphosp^B, AlsPy, by heating an intimate 
mixture of aluminium powder and red phosphorus to a white-heat in a current 
of hydrogen. The grey crystalline mass is pulverulent ; it can bo heated in air 
without change ; it gives off phosphine when treated with water or dil. acids ; 
and it is dccompo.sed by exposure to moist air, forming aluminium hyebroxide. etc. 
If the mixtures be heated in an electric furnace, L.Fr»iirk found that aluminium 
tritaphosphide, AI3P, and aluminium monophosphide, AlP, can be produced. 
These phosphides have both metallic appearance and crystalline fracture, and give 
off phosphine when treated with water. L. Losiina examined the effect of a little 
phosphorus on the mechanical properties of aluminium — they are improved by 
up to 0‘1 per cent, additions, but higher proportions reduce the tenacity and 
elongation. 

A. Lamy said that thallium unites directly with pho^ipborus, )mt K. Carstanjen 
found that no thallium phosphide is formed either when tlie two elements are melted 
together in a closed crucible, or when pieces of phosphorus are projected into 
molten thallium in an atm. of carbon dioxide. U. Flemming said th.it phosphorus 
vapour passed over molten thallium produces a thin layer of a black substance. 

E. Carstanjen did not obtain thallium by pas'^ing hydrogen over molten thalliiirn 
phosphate ; or by heating a mixture of thallium phosphcite and carbon. H. Flem- 
ming found that phosphorus does not act on the thallium salts, but with aq. soln. 
of thallous hydroxide, a black deposit of thallium appears; and when phosphorus 
is heated with a thallous hydroxide soln. in a sealed tube, a little phosphine appears, 
a black substance is formed and some phosphoric acid passes into soln. 
W. Crookes said that when phosphine is passed into an ammoniacal soln. of thallous 
sulphate, a black powder of thallium pfaos]diide is formed which is stable in air. 

F. Kuli.sch said that phosphine Ls wdtliout action on neutral and acid soln. of thallous 
salts, anil thallium is preripitateil from alkaline soln. Hence only small quantities 
of the phosphide can he obtained by W. Crookes’ process. Only a small quantity 
of a precipitate was obtained after passuig phosphine through the soln. for a day ; 
this precipitate gave off a little phosphine when treated with acids. Thallic salts 
are incompletely reduced by phosphine to thaUous salie. 

T. Thomson thought that ho had obtained what he called a carburei of phoaphormt — 
or carbon phosphide — wlion impure ralcium phoi.phido is docomposed hy water, and tho 
lime removed by hydrochloric acid : the residual carbon phosphide was roUci'tod on a 
filter and quickly washed. It was said to bo a brQwniih-yeUow, soft, taatelees, inodorous, 
infusible powder, which suffers no altoration in dry air below 100”, but takes fire at a red- 
heat when Iho phosphorus bums to phosphoric acid while tho carbon is not cJmngod. It 
attacks moisture from the air, forming a hydrocarbon, and carbon dioxide. The properties 
of the alleged phnspliidc correspond witJi those of a mixture of earbon and pnosphorio 
acid with perhaps a small proportion of phosphorus. J. J. Berzelius said that a similar 
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gubitaiK^ romaiiu wiinn crude phoephorui is pressed through ohamois leaUber. 
J. B. Trommsdorff obtained what he regarded as or h^rogm corbo^ 

pkuphid^ which exialod in the gaaoouB state at ordinary temp, during the distillation of 
phoBphorio acid with charcoal. T. do Qrotthua said tliat phoBphnrairhuretted hydrogen ga$ 
u obtained by dissolving phosphorus in an alcoholic soln. of potassium hydroxide. There 
is nothhig to show tliat the gaseous product is any diHerent from a mixture of hydrogen, 
carbon monoxide, and a little phoaphorus vapour. A. Bor attempted unsuccessfully to 
effect b rombinauan du p1\CBphore du carhonc. 

J. J. Berselius said that led-hot silicon does not take up phosphorus vapour ; 
and 0, F. Watts was unable to prepare a silicon phospbido by reducing phosphoric 
acid with carbon and silicon in an electric furnace, or by using copper or copper 
silicide as a flux, or by the action of phosphor tin on silicon. J. Geweeke, however, 
said that silicon tetrachloride reacts with phosphine, forming silicon phosphide. 
According to R. Cheneviz, a white, brittle, granul^ titaniom phosphide is produced 
when titanium phosphate mixed with charcoal and a little borax is strongly ignited. 
H. Bose also obtained the phosphide ; and F. Wohler said the phosphide is not 
obtained by heating a mixture of titanic oxide, phosphoric acid, and carbon in a 
graphite crucible over 14(X)°, but it can be prepared by passing titanium phosphino- 
chloride vapour mixed with phosphine through a red-hot glass tube when a layer 
of grey titanium phosphide appears on the glass. H. Moissan also found that 
at 1000°, phosphorus vapour covers titanium with a film of a dark-coIoured phos- 
phide. J . Geweeke investigated F. Wohler’s reaction, and found that when titanium 
tetrachloride is treated in the eold with phosphine, it forms a yellow crystalline 
substance which when heated decomposes into phosphine, hydrogen chloride, and 
a little titanium phosphide, TiF, which appears in the form of a brittle mass with 
a metallic lustre, and hp, gr. at 25°/!''. A. E. van Arkel and J. H. de Boer 
made titanium phosphide by passing the vapour of the metal chloride and phos- 
phorus over a heated tungsten filament ; and F. P. Venable and R. 0. Dietz, by 
passing the ])hosphiiie over the heated chloride. R. Chenevix said that the phos- 
phide did not melt before the blowpipe, and seemed not very fusible. According 
to U. Mulssau, the phosphide is a conductor of electricity, and bums when heated 
in air, or when fusc<l with potassium nitrate. It is insoluble in dil. or cone, acids 
or alkali-lyc ; and is oxidized only to a small extent when boiled with aqua 
regia, or when heated with fummg nitric acid at 250^-300°. When heated in 
chlorine, the phosphide burns, forming white fumes of titanium tetrachloride and 
phosphorus pcntachlorido which condense as a complex titanium phosphoennea- 
chloride, TiPClg. According to J. Geweeke, when zirconium tetrachloride is 
treated with phosphine, it behoves as in the case of titanium tetrachloride, yielding 
zircoiiiam dipho^hide, ZrP^, which resembles titanium monophosphide in its 
general chemicul and piiyblcal properties. The glistening grey mass has a ep. gr. 
of 4*77 at 25°/4°. When zirconium tetrachloride is sublimed in a current of 
hydrogen over heated potassium phosphide, there is formed a black mass containing 
potassium chloride, zirconium, phosphorus, and possibly oxygen derived from the 
presence of some zirconium oxyrliluiide. A. E. van Aikel and J. H. do Boer made 
zirconium phosphide, and also taabiium phosphide, by the process used for titanium 
phosphide. J. J . Berzelius noticed that when thorium is heated with phosphorus, 
the two elements unite with incandcsoeuuo. J. Geweeke could not prepare thorium 
phosphide by the action of phosphine on thorium tetrachloride, even at a high 
temp., although H. Moissan and II. Martlusen obtained the phosphide by heating 
thorium tetrachloride to redness in a stream of phosphorus vapour ; A. E. van 
Arkel and J. H. de Boer made thorium phosphide by the process used for titanium 
phosphide. 

Experiments on the formation of tin phosphides were made by B. Pelletier, 

0. Emmerling, C. Kiinzol, R. Liipke, etc., who obtained a silvery-white alloy 
with 13-14 per cent, of phosphonis by heating the two elements together. 
Indefinite tin phosphides were made by A. Sclirotter, and P. Vigier, who passed 
phosphorus vapour over the heated metal. 0. Landgrebe melted tin with fused 
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uucrocosmic salt ; P. Beithiei heated tin dioxidep tin, oarboHi bone-ash, powdered 
quartz and borax ; F. Mellmann, and J. L. Scyboth, heated phosphatic inaterialB 
sand, tin or stannic oxide, and carbon ; S. Natansou and G. Vortmann, metaphos- 
phoric acid, carbon, and tin ; A. Granger, by the action of phosphorus trichloride 
on tin at 000° ; and T. von (irotthus, by the actioi of phosphine on tin salts. 
Comnien'ial •phosfhor-iin contains 10 per cent, or more phosphorus, and is used 
extensively in making phosphor-bronze. The applications of ])hosphor-tin were 
discussed by P. von tViese, P. F. Nurscy, W. G. Otto, etc. Phosphor-tin is very 
brittle and has a very pronounced crystalline fracture ; a polished surface, etchetl by 
immersion in dil. nitric acid (O-j per cent.), shows under the microscopic plate-liko 
crystals immersed in a matrix of tin. The crystals can bo obtained in the form 
of hexagonal plates by the action of dil. nitric acid or of mercury in which they are 
insoluble ; the mercury can be removed by heating the crystals to 4(Kt^ in a stream 
of carbon dioxide. L. Losana said that a small proportion of phosphorus has a 
deleterious cfTcct on the mechanical properties of tin. 

F. Jolibois considers that only tin triphosphide and tritetritaphosphido are 
chemical individuals ; and that the other pho.sphides which have been refw)rted 
are solid solo, or mixtures. A. C. Vivian found that when a mixture of jihosplinru^ 
and tin is heated in sealed tubes, two conjugate solu, appear to be formed, and 
two definite layers of molten bquid are present. The maximum amount of phos- 
phorus alloying with tin is 8 per cent., and the product melts at about 485° ; 
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Fin. 23— -EquilibriiiinPiacram 
of the Diuary System ; Sn-P. 


if phoBphonis vapour be absent, about 2*5 per cent, 
of phosphorus is retained by the tin at about 48.)°. 
The first approximation to the equilibrium diagram 
is shown in Fig. 23, where and represent the 
two eutectics; and Greek letters, solid soln. There 
is evidence of the formation of tin triphosphidc, 
SnPa, a compound prejinred by P. Jolibois, This 
phosphide commences to dissociate at about 480°. 
There is also evidence of the formation of tin 
tritetritaphosphide. Sn 4 P 3 , isolated by J. E. Stead. 
The composition of the crystals from an alloy with 
0*4 per cent, of phosphorus corresponds, according 
to J. E. Stead, with tin ditritaphosp^e, SiijPo ; and, 
according to M. Uagg, the crystals obtained from 


a 5 per cent, alloy, correspond with tin bemiphosphlde, SD 2 P. W. Gemmell and 
S. L. Archbutt found that phosphor-tin with 5 per cent, of phosphorus i.s vigorously 
attacked by aqua regia giving oS pho.sphine ; the action is less vigorous with nitric 
aoid of sp. gr. 1*2, and no phosphine is given off. P. Jolibois found that alloys of 
tin with 11}) to 13 per cent, of phosphorus contain tin tritetritaphosphide, Sn 4 J 3 , 
which can be isolated by making one of these alloys the positive pule in a solu. of 
sodium polysulphide- the unoombined tin dissolves, the silver-white crystals of 


the tritetribaphosphide remain unchanged. This phosphide has a sp. gr. 5-1810, 
and begins to dissociate at 480 °. It is oxidized by nitric acid, and decomposed by 
hydrochloric acid and by sodium hydroxide. Alloys with more than 13 per cent, 
of phosphorus ran be obtained by heating the mixtures under press., and wljen 
these alloys arc treated first with hydrochloric acid, then with warm soda-lye, and 
finally with nitric acid at 50°, the monophosphide is obtained. A. Schrottcr, 
S. Nntanson and G. Vortmann, and 0 . Emmerling prepared crystals corresponding 
with the monophnsphide by heating finely-divided tin with phosphorus vapour 
to a dull red heat ; and B. Natanson and G. Vortmann prepared the same compound 
by heating a mixture of metaphosphoric acid with carbon and tin. The mono- 
phosphide has a sp. gr. of 6*56 ; it is soluble in hydrochloric acid ; and not attacked 
by ordinary nitric acid, but it is attacked by the faming acid ; and, according to 
V. Jolibois, it dissociates when heated to 415°, forming the tritetritaphosphide. 
When tin is heated with a great excess of phosphorus in an evacuated tube, 
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A. 8cbT6tter, and 0. Emmerling found evidence of the ezistenoe of tin diphosphidei 
SnP 2 i of Bp. gr. 4-91 ; tliie substance is not atiarked by hydrochloric acid, but aqua 
regia dpcomposes it with a series of ezplosions and the development of phosphine. 
P. Joliboia obtained tin triphoBphidei HnPs, by healing a mixture of tin and red 
phosphorus in a sealed tube for lU hrs. at 620*^. The product contained 40 per cent, 
of phosphorus, and it was purified by treatment with hydrochloric acid, followed 
by a hot dil. soda-Iyc, and by nitric arid of sp. gr. 1*2 at bif and diluted with an 
equal vol. of water. The crystals have the appearance of elemental silicon. The sp. 
gr. is 4*10 at 0° ; it dissociates into phosphorus and the tetratritaphosphidc at 415*^ ; 
it is insoluble in hydrochloric acid; slowly attacked by dil. nitric acid; and reacts 
with incandescence with fuming nitric acid. H. Kose reported tin pentaphosphide, 
Snl^B* to be formed as a yellow powder by the action of water on tin phosphinotctia- 
chloridc. L. C. Glaser and H. J. Scemann studied the system : Cii-Sn-P. 

According to B. Pellet ier,^‘’ molten lead can take up about 1-5 per cent, of 
phosphorus ; and a similar alloy is obtained when lead filings are heated with 
glacial phosphoric acid, or when phosphorus is heated with lead chloride. A. Stock 
and F. Gtemnlka, and A. C. Vouinasos obtained a phosphide by pnqecting pieces 
of molten phosphorus on molten load. It contained needle-like crystals of lead and 
phoMphorua in the niolarproportinn 3 ; 7— possibly Irnd Php 2 ' G-Binck 

and P. MoUer said the crystals are monorlinic with the axial ratios a\h:c 

l-GOl : 1 : 1-46, and jS- 72'’ 40' ; the sp. gr. is greater than 3-2 ; and the crystals 
are less soluble than lead in nitric acid. A. 0. Vournasos obtained a similar product 
by melting lead and phosphorus together under paiafiin. F. S. Rranchcr used an 
alloy with 0'25 per cent, of phosphorus. P. Ilautefcuille and A. Perrey said that 
lead heated in phosphorus vapour below the m.p. absorbs only a little phosphorus, 
and the phosphorus dissolved by molten lead is rejected on sobdification. A. Granger 
could not get phosphorus and lead to unite directly, nor indirectly by the action of 
phosphorus on lead chloride or oxide, and he considered Vvaisfemse ic ccs phosphures 
vM done donieusc. T. von Grotthus, and H. Kose obtained a brown precipitate by 
passing phnsphtuc into a soln. of lead acetate. P. Kulisch said that acid soln. of 
lead salts give no precipitate when treated with phosphine ; a blaek precipitate is 
readily obtained by passing phosphine into lead acetate dissolved in a soln. of 
potassium hydroxide or aq. ammonia ; A, Brukl worked with an alcoholic soln. 
rif potassium hydroxide and obtained a precipitate of normal lead phosphide* 
Pb^T^n. The precipitate is so unstable that it is liable to decompose, leaving a film 
of lead oil the glass walls of the containing vessel. Water and alkali-lye decompose 
it slowly, forming lead, phosphine, and phosphoric acid. Dil. acids give phosphine ; 
rone, nitric acid partially oxidizes the phosphide. B. Bossuet and L. Ilackspill 
treated a soln. of lead nitr.ite with rubidium dipentitaphosphide in the same 
menstruum, and obtained black, amorf^hous lead pentophfMBphide* Pb? 5 . It 
s])uutaneouBly inflames in air ; and at 400'’, in vacuo, it gives ofi much phosphorus ; 
water attacks it slowly ; nitric acid gives lead nitrate and phosphoric acid ; and dil. 
sulphuric acid and hydrochloric acid form solid hydrogen phosphide, and lead 
sulphate or chloride respectively. 

H. Kose prepared duomium inonopliosphide« CrF, by passing phosphine over 
heated chromic chloride ; C. A. Martins, by the action of phosphorus vapour on 
potassium dichromate ; and J. J. Berzelius, by heating a mixture of charcoal and 
chromic phosphate in a graphite crucible. The monophosphide was made by 
A. Granger by beating phosphorus with chromium or chromic chloride in a glass 
tube in an atm. of nitrogen at 900". G. Maronneau also made a chromium phosphide 
by heating copjter phoB])hidG with chromium filings in an electric furnace. The 
phosphide is a dark grey crystalline powder of sp. gr. 4-68-5-71. J. J. Berzelius 
found that it fuses with difficulty, and conducts electricity. The phosphide is 
decomposed by potash-lye, or molten potassium hydroxide ; it is insoluble in acids, 
but it is very slightly attacked by aqua regia, and dissolved a mixture of hydro'^ 
fluoric and nitric acids. 

VOL. viu, 3 1 



860 


INORGANIC AND THRORSTICAI CllBMISTBY 


B. Pelletier si reported a mdllMeniim pho^bide to be formed hj the action 
of ;^osphoruB vapour on molybdenum, but he did not examine the product further. 
F. W 6 hler represented its formula by MoF, and obtained it by heating a mixture of 
molybdenum trioxide, and phosphoric acid, in a carbon crucible above 1400^ for some 
hours ; and washing the product with hydrochloric acid and soda-lye. The grey, 
crystalline powder has a sp. gr, 6-167 ; it fuses with great diflSculty ; and conducts 
electricity. In a soln. of cupric sulphate containing zinc and hydroohlroic acid, the 
phosphide acquires a coating of copper. It slowly oxidizes without burning when 
heated in air. It also forms molybdenum and phosphorus chlorides when heated in 
chlorine ; hot nitric acid converts it into molybdic and phosphoric acids ; and molten 
potassium nitrate oxidizes it with incandescence. B. Pelletier made the qualitative 
observation that tungsten heated with phosphorus vapour forms a pliosphide, and 
F. Wohler represented it as tungsten hemiphosphide, W 4 F 2 , and made it by heating 
amixture of tungsten trioxide, and phosphoric acid in a carbon crucible for some hours 
above 1400*’. The liihtrous, dark, steel-grey mass contained six-sided prisms of sp. gr. 
6*207. The phosphide conducts electricity ; it does not change when heated to a 
high temp. ; and oxidizes very slowly when heated to redness in air. It burns when 
heated on charcoal in oxygen ; and with pinem hlendenden Olanz when added to 
fused potassium cliloratc. It is not attacked by any known acid, not even by aqua 
regia ; it is opened up by a fused mixture of potassium carbonate and nitrate ; and 
it behaves like molybdenum phosphide towards a soln. ol copper sulphate. Acconl- 
ing to E. Defacqz. >v])en tungsten diphosphide is heated vith copper in the eleclnc 
furnace, it is dcconijRised ; but if it is heated with a large excess of copper plLo^pliKh* 
in a graphite crucible in a wind furnace and the product treated with dil. nitric 
acid, a new phosphide, tungsten monophosphide, WP, is obtained in grey, lustrous, 
prismatic crystals of .sp. gr. 8-5. This compound burns in air or oxygen at a red-heat, 
and is likewise attacked by chlorine, but it is not decomposed by hydrofluoric or 
hydrochloric acid, or by hydrogen chloride. It is slowly oxidi/ijd by hot nitric acul, 
and is ra])LdJy dissolved by a mivture of nitric and hydrofluoric acids, or by aqua 
regia. Sodium and ]iot.is«^ium hydroxide sola, liave no action cm the phosphide, 
but the fused hydroxides and fused mixtures of alkali carbonates and nitrates 
readily oxidize it, whilst fused potassium hydrosulphate attacks it slowly. He also 
prepared tungbteii diphn.sjditdc, Wr 2 ' heating tungsten hexachlonde nt ITiO in a 
current of hydrogen yihosphide. '1 his compound ib a black, crystalline nnass, insoluble 
in water and tlic ordinary orga nic solvents, and having a sp. gr. o-S. Fluorine attacks 
the diphosphide at temp, above ]() 0 ", forming phosphorous and tungsten fluorides ; 
chlorine and bromine react similaily at a red-heat ; when liquid chlitriiie is employed 
at 6 CI*’, a chloTOphospliide is produced. Sulphur and nitrogen both displace the 
phosplioTUB from this compound at high temp., forming the dusulphide and nitride 
respectively ; the disulphide is also produced by the action of hydrogen sulphide 
on the phosphide at odO . The dipliuspliidc readily burns in air or oxygen, forming 
tungstic anti phosplioric oxides, its eumbustion in tlie latter gas being attended by 
a very dazzling llame. A complete rcductiou of the phosphide is effected by heating 
it with copper or zinc, tungsten being liberatwl, and the corresponding inctallio 
phosphide produced , the reduction by hydrogen commences at 626'*, but is incom- 
plete even at iXM)'’. Lead at only partially reduces the diphosphide, and 
copper phosphide at 14(Ki" produces another tungsten phosphide; when heated 
with iron, the diphosphide is converted into a double iron tungsten phos- 
phide ; with aluminium, the reaction is even more cuinpUcuted, and the product 
contains a large amount of silicon derived from the crucible. Hydrofluoric 
and hydrochloric acids do not act on the diphosphide, but a mixture of the 
former with nitric luid dissolves this compound even in tlie cold, whilst aqua 
regia decomposes it on warming; sulphuric and nitirc acids, when heated, 
are reduced by the phosphide, sulphurous acid and blue tungslen oxide being 
formed in the first case, and nitrous and tungstic acids in the second. The 
diphosphide is dissolved by fused caustic alkalies and potassium hydrogen 
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ralphftte, and ia eran more readily attacked by heating mixtures of alkali nitrates 
and oarbonatBSt 

The properties of nitrogen phospbide are discussed in conneotion witii 
phosphorus nitride. G-. Landgrehe prepared Phosphorarsen by heating a mixture 
of phospliorus and arsenic to dull redness, but J. V. Janowsky regarded the product 
as a mixture, and he said the same thing about the product of the action of 
phosphorus vapour on heated arsenic ; and the action of sodium or calcium arsenide 
on phosphorus trichloride. According to C. E. E. Ritter, and N. Blondlot, aiaenic 
bemiphosphidet As^?, is formed slowly when phosphorus is allowed to remain in 
contact with an aq. solii. nf arsenious or arsenic acids, and rapidly if the soln. be 
acidified with hydrochloric acid. The unchanged phosphorus can be removed by 
treatment with carbon disulphide. The black mass becomes brown when exposed 
to air, snd it forms arsenic tiioxide when kept under water. J . V. Janowsky obtained 
arsenic monopbospbide, by the action of dried arsine on phosphorus trichloride 
below 2()^ boenusn at higher temp, some of the arsenic forms a volatile chloride. 
The excess of trichloride is separated, and the product dried in a current of carbon 
dioxide at ; J. V. Janowsky made it by the action of phosphine on arsenic 

rbloridc-'A. (Uvazzi used a hydrochloric acid solu. of arsenic trioxide. A. Besson 
fruiud that phospliine begins to react similarly with arsenic trifluoride at —23'' ; 
witli arsenic trii ldoridc at — 18‘’ ; while solid arsenic tribromide or tiiiodide is only 
sii])(TiiciaIly attacked, and the tribromide reacts vigorously with phosphine at 20^, 
11 the product oF tlicse rcailions is washed with water, J. V. Janowsky said that an 
oxyphospliide is formed, and A. Besson, that impiiTc arsenic phosphite and phosphate 
are jirodiiced. According to J. V. Janowsky, arsenic monophosphide is a reddish 
powder which burns when heated in air to arsenic trioxide and jihosphorus 
pciitnxide ; but if heaieil out of contact with air, or in a current of carbon dioxide, 
plionpliocus first sublimes and then arsenic. Sulphuric and hydrochloric acids 
disMjIve the phosphide only when heated therewith ; cone, nitric acid oxidizes it 
with iiieandoscenoe, and the dil. acid dissolves it, forming, when heated, arsenic and 
pliosjihoric acids ; chlorine, bromine, and iodine form the corresponding trihalides 
of arsenic and phoqjhorus ; potash-lye, aq. ammonia, and baryta-water decompose 
the phosphide ut ordinary temp., and rapidly when heated, forming phospliine, 
arsine, arsenic, phosphorous acid, and arsenic trioxide. It is slightly soluble in 
carbon disulphide, but not lu alcohol, ether, or chloroform. 

According to J. V. Janowsky, if freshly precipitated arsenic phosphide bo treated with 
watnr, it fonns arnn}ic dvixydiphospMv, Ab,]’|Ds, wliirli diM^ompristys slowly at 100% and 
rH|jirlly at 200°. It is not Httacked by the ordinary acids other than nitric arid ; and it is 
atbuf'kcd by alkali- Jyr, rhloriiic, bromine, and iodine os in the ceao of the monophosphidci. 
As ijiilinatrii above, A Heteon drH^s nut agree with J. V. Janowsky on tho action of water 
on arsenic monophnspliide. 0. JtuiT reported arAmic dioryphonph idc, ABfl'Oi, to be formed 
by adding red iihosphorus tn arsouii: trirhlorido cuntniniiig some aluminium chloride ; the 
rod product when treated with water yields the violet-black oxyphosplude. 

B. Pelletier obtained an antimony phosphide by the action of molten antimony 
on mnUiphosphoric acid with or without admixed carbon. B. Pelletier, and 
fl. Lamlgiebe obtained a phosphide by the action of phosphorus on molten antimony, 
although W. Ramsay and R. W. E. Mclvor could obtain a product with only 15'16 
])er cent, by direct action. The last-named prepared antiiiiony monophospbido, 
iSbP, by the action of phosphorus on a soln. of antimony tribromide in carbon 
disulphide. M. Kagg could not prepare the monophosphide by tliis process, 
nor by tho action of phosphme on tartar emetic, or antimony trichloride. The 
phosphide prepared by the fusion processes is a brittle, white mass with a 
crystalline fracture ; the piecipitatod product ia a red powder insoluble in carbon 
disulphide, other, and benzene. 0. Ruil found that phosphorus reacts with antimony 
chloride in tho presence of aluminium chloride^-inde supra, arsonio oxyphosphide. 

B, Pelletier, and 0. M. Marx found that molten bismuth dissolves a little 
phosphorus, and W. Ueintz, that when bismuth phosphate ia heated in a cunent 
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of hydrogen, the product may contain some UsmuOi pho^hide, hut the properties 
of both products resemble those of a phosphiferous bismuth. J. J. ficrzeliue^ 
T. von Grotthus, and G. Landgrebe precipitated a black bismuth phosphide by 
phosphine from a soln. of bismuth nitrate as nearly neutral as possible. The 
liberated nitric acid decomposes the phosphine so that the yield is small. A. Cavazzi 
passed phosphine into a soln. of bismuth trichloride with as little free acid as possible, 
but obtained a black precipitate consisting of bismuth and phosphorus mixed with 
some oxide and chloride. P. Kullsch said the precipitate may be a mixture of 
bismuth phosphide and oxychloride, and he obtained no precipitate with a soln, con* 
taining 20 gnus, of bismuth trioxide in 100 c.c. of hydrochloric acid of sp. gr. 1-124. 
A. Cavazzi said that when phosphine acts on dry bismuth chloride at 100"^, hydrogen 
chloride is evolved and what is considered to be a bismuth phosphide remains. If 
phosphine is passed into an ethereal soln. of bismuth trichloride, A. Cavazzi and 
D. Tivoli observed the formation of a black, hygroscopic dcjiosit with the compo- 
sition FBi 3 BT 7 , and Ron&iricrcd to be hjirolrisdibromohismilliphosj^hmium hronitds^ 
P(BiBr 2 ) 3 UBT, When the impure phosphide is heated in a current of carbon 
dioxide, some phosphorus is volatilized ; when heated in air, phosphorus burns with 
its characteristic flame leaving a white residue of variable composition ; when 
boiled with water, bismuth separates partly as metal, and most of the phosphorus 
passes into phosphoric acid and a little phosphine ; dil. nitric acid freely dissolves 
the phosphide - dil. sulphuric and hydrochloric acids are without action ; cone, 
hydrochloric acid derompiiscs it at ordinary temp, with the evolution of iion- 
spontaneously inflammable phosphine , boiling cone. 8ul])huric acid forms phosphine 
and sulphur dioxide, and with boiling alkalidye, bismuth is deposited, and 
hydrogcu, with a little phosphine, evolved. 

J. J. Berzeliuses said that when vanadyl phosphate, mixed with some 
sugar, is heated, the grey, porous ma-ss which is formed can he pressed together when 
it has the appearance and lustre of graphite. It is considered to be an impure 
vanadium phosphide. 


B. Pelletier prepared a white manganese phosphide by heating manganese 
with microconmic salt, and charcoal, or by pa.ssing phosphorus vapour over 
manganese ; and H. Kosc, J. Percy, and F. Wohler made a similar alloy by hoiting 
calcined pyiolubite with bonc-ash, sand, and charcoal. 11. Struve prepared what 
apjiearcd to be a mixture of pho.sphidcs by reducing manganese jiyiophosphate 
with carbon; C. Matiguon and B. Trannoy obtained a met.d rich in plinspiiiiie.4 
by reducing mangauehe phosphate by the alumiuoihermite process ; E. Wedekind 
and T. Veit said that the crvbtalliuc product obtained by the thermite process from 
manganese and led phosphorus is a mixture which is readily attacked by water 
and dll. acids, and Las only feeble magnetic qualities. 11. von Juptucr also 
prepared manganese and manganese pho.sp}iidc alloys. S. P. Sc)icmtscliu.schny and 
N. N. Efremofi determined the l.p. of alloys of manganese with up to 47 per cent, of 


— — T" VK "I — — I — I ^ urerifty cruuiiue unuer lusi-ii uariuui uuiuuhl-, 

/,30^° 7t \ adding the phosphorus through a tube made of 

phosphorus vapour was slowly absorbed 
- W -*■— Y)y the molten metal. More cone, alloys gave oft phos- 
T ])horus vapour when the attempt wns made to W(uk 
j^e~1 in r^ “. with thorn. The results are shown in Fig. 24. The 
^ ^ ^ two maxima— one at approximately 13D0“, and the 

other at 1190° — correspond with the eompounds MiisPo 
Fin. 24.— Freezing ■ point and MnP ; the corresponding eutectics were at 9lil" 

1095^ Alloys with less than 10 at. per ceut. of 
losp orus. phosphorus are not magnetic, but with over this 

quantity the magnetizability rises with increasing proportions of phosphorus up 
to the appearance of the dipentitaphospbida ; after that, the magncLizabiJity 
becomes perceptibly feebler. 




jjhosphorus. The alloys were made by melting the 
metal in a fireclay crucible under fused barium chloride, 
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A. SohrSttei prepared an alloy with a oomposition approzimating iluUlgliM6 
trUaphoObidies Mn 3 P, by heating manganese in the vapour of phosphorus at a 
very dull ^-h^t ; union occurs with incandescence. The sp. gr. of the product 
is 4*94 ; it is insoluble in hydrochloric acid, and freely soluble in nitric acid, 
E. Wedekind and T. Veit prepared manganese dipeniitaphosphidei Mn 5 P 2 i when 
manganese chloride and phosphorus are heated to redness in a current of hydrogen. 
The conditions of stability are indicated in Fig. 2L It has moderately strong 
magnetic properties. B. F, Schemtschuschny and N. N. EfremoS gave 1390° 
for llio m.p. ; and E. Wedekind and T, Veit reported that the dipentitaphosphide 
is a dark grey crystalline powder which is stable towards liydrochloric acid or 
boiling water, but dissolves freely in hot nitric acid. A. Granger reported manganese 
ditritaphoSI^udev MnsPo, to be former! by heatiuj; manganese chloride witli 
])hnsphoruB in an atm. of hydrogen in a sealed tube. The prc^nct was washed with 
water, and small, strongly refracting needles resembling manganite were obtained. 
E. Wedekind and T. Veit also obtained glistening needles of this phosphide by 
heating a mixture of manganese and red phosphorus in a current of hydrogen, anil 
finally over the oxyhydrogon flame. They gave 5*12 for the sp. gr. at 18°, and found 
that it has strong magnetic properties, and when com])act is a good electrical oon- 
duetoT. They also said that it dissolves in hot cone, nitric acid, but it is stable 
tr:)wards dil. acids. A. Granger reported that his product was attacked by aqua 
regia, but not by nitric acid. The phosphide oxidizes slowly when heated in air or 
oxygon ; and it inllainoa when gently heated in chlorine. 

B. liilpcrt and T. Dir^ckuiann made manganese mon(vllosphide» MuP, by 
heating the two elements iu an evacuated sealed tube at 000° for 10-12 hrs., and 
then washing tlio product with 10 per cent, hydrochloric acid. The conditions of 
stability are iuiUcated in Fig. 21. S. F. Schemtschuschny and N. N. Efremof! 
gave for the m.p. ; and B. Hilpert and T. Dieckmanu found that the mono- 
phosphide is nn inodurouH, black powder of sp. gr. !)*39 at 2r/4'^i which burns on 
tie.iting in air, giving blar'k oxidation products ; it is insoluble in hydrochloric acid, 
hut readily snlui)Ie in uilric acid. The magnetic properties are lost at 18° on heating, 
and regained at 2G° on cooling. S. Hilpert and T. Hieckmann prepared manganese 
diphosphidei MnP 2 . A iui.xturB of manganese (2 grms.) and red phosphorus 
(2’1 grms.) was heated in an exhausted and sealed Jona glass tube, first at 400°, 
and finally at 600°, for a considerable length of time. Any phosphorus unacted on 
is distilled into the drawn-out end of the tube. The grey contents of the tube, 
after triturating with benzene, and washing \rith nlcohul anil ether, were dried over 
sulphuric acid in vaeno; they suffered no alteration in weight after heating for 
l.j hrs. in a cuiTent of hydrogen at 290°. When heated at 4lK3°, however, phos- 
phorus was gradually Inst, giving, finally, the monophosphide. 

The phosphides Ol iron and of copper have been more closely investigated 
than those of any other element, no doubt because of their industrial importance. 
About 1780, T. Bergman, and J. K. F. Meyer found iron phosphide in cnmmcicial 
iron, and they regarded it as a peculiar, elemental metal which they designated 
sidcrum. Wonderment or hydrontderum ; and it was afterwards recognized as a 
compound of iron and phosphorus by J. K. F. Meyer, M. H. Klaproth, 
L. N. Vauquelin, and C. W. Scheele. J. K. F. Meyer commenting on his mistake 
said : To err in chemistry is alas too easy [Das Irren ist in dcr Chemie dock, leider ! 
gar zu leieJU), The impure phosphide was made by C. Hatchett by passing the 
vapour of phosphorus over red-hot iron filings, or by projecting pieces of phosphorus 
on them ; B. Pelletier, by igniting iron filings mixed with phosphoric acid— with 
or without carbon ; F, Wohler, by heating a mixture ol iron filings, bone-ash, 
quartz-sand, and carbon ; J. J. Berzelius, by igniting a mixture of ferrous phosphate 
and lamp-black — ^if too much carbon is used, an iron carbide is formed which caji 
be dissolved out by hydrochloric acid with the loss of half the phosphide ; and 
H. Rose, by passing phosphine over gently heated iron pyrites. T. Bwann heated 
iron scrap and phosphate rock in the electric furnace ; and E, V, Rawn heated a 
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low-graile ferrophosphoros with a material containing phosphoniBp and a flux in an 
electric furnace. 

Phosphides ranging from Fe : F=2 ; 3 to 6 : 1 have been reported ; but, on 
the f.p. curve for alloj^s with less than 25 per cent, of phosphorus, only the tiita- 
and hemi-phosphidos have been observed. The f.p. curve of a portion of the Fe-P 
system has been studied by E. Gercke, J. E. Stead, N. S, Konstantinoff, and 
B. Sokalatwalla. According to J. E. Stead, the alloys of phosphorus and iron can 
be divided into five classes : (i) those containing ()-l-7 j^er cent, of phosphorus and 
consisting of solid soln. of Fe»P in iron ; (ii) alloys with V7-10'2 per cent, 
of phosphorus, which form solid soln. of FegP in iron and give a eutectic alloy 
(10*2 per cent. F) consisting of a definite solid soln. and the phosphide Fe 3 p ; 
(iii) those with 10*2-ir)*58 per cent. P, also consisting of the eutectic and FpsP, 
the m.p. of the kiter (15‘58 per cent. P) being 1060“ ; (iv) alloys containing 15-58- 

21 -G per cent. P and consisting of FC 3 P and Fe^P ; 
(v) those with more than 21*6 per cent. P and 
containing FeoP and another phosphide rirlier in 
phosphorus. The results of B. Sakalatwnlla are 
illustrated by Fig. 25. The m.p. of iron is lowered 
from 1510“ to about MiiO' by the addition nf 1-7 
per cent, of jihusphorus ; by increasing the propor- 
tion of phosphorus to 10*2 per cent, the f.p. curve 
shows two arre'it.s. The second one refers to tlie 

eutectic line which comitiCTiccs at alioui Hrtir, and 

^ about 1(X)3' as shown in the diagram. Thin 

. unusual behaviour is attributed to the existence of 
t%rv2orthX'lVH?m with bet wppn (I-.-) and 8 per 
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(B. SakalatwaUa). of phosphorus, so that the ri>rre.^|)i)nriing 

eutectic has a ilifferciii rompositinu to that with 
10*2 per cent, of phos])horu.s. The f p. with increasing proportions nf pliasjihorus 
rises from ike eutectic to a maximum at about 1104'' corresponding with ihta 
tritaphosjihide ; the f.p. curve then falls to a second eutectic about 9GO with 
about 16*2 per cent, of phosphorus. The f.p. curve then rises to about 1275 ’ 
corresponding with the hemiphosphide. Uiily one sairijile was examined with 
over this amount of pho.sphorus, and the alloy with 21*5 per cent, of phosphorus 

had arrests at 1295" iiud 1218’. Alloys wdth up to 
1-7 i)cr cent, of phosphorus arc solid soln. of plio.s- 
phorus in iron. N. S. KonstiiniinolT interprets his 
results rather dillcrciitly as illustrated by Fig. 26. 
Here, the f.p. curve for alloys with up to 21 per rent, 
of phosjihorus has three brunches ; (i) riB, fulling 
from 1514°, the m p. of iron, to 11)2^)°, corrcspoiuling 
with 1 U *2 per cent. Fo : (ii) D(\ ri.sing continuously 
from B to and corresponding with the separatiun 
of crystals of tlie phosphide Fes?. The separate 
^ Ptrce ^ solidification curves exhibit two halts, one showing 
a regular rise corresponding with the separation of 
crystals of the phosphide, and the other at a con- 
temperature cone-sponding with separation of 
the eutectic and gradually diininisluiig in magnitude 
as C is approached. Micrographic examination of these alloys shows the iireseiico 
of rhomboidal plates of Fes? sunounded by the eutectic ; (iii) CD^ rising at first 
rapidly and afterwards more slowly to the point D, corresponding witli the phosphide 
Fe 2 P. The second eutectic line alluded to by B. SakalatwaUa is shown by the dotted 
lino E'F\ J, L. Haughton also found that the first cutcctic at 1050° with nearly 
10*6 per cent, phosphorus, consists of the a-solid soln. of phosphorus in iron, and 
the tritaphosphide, After this, the liq[uiduB curve rises to 1166°, at which temp, tho 
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tritaphoAphide is fonned by a peiitectio reaction between the liquid and the homi- 
phoBphide» the latter corresponding with a mazunum on the liquidiu at 1380°. 
Beyond this point, the liquidiu falls to a second eutectic, the constituents of which 
are the hemiphosphido and an unknown compound. The tritaphosphide forms no 
solid soln., but magnetic analysis shows that it undeigoes a transformation at about 
420^, which is similar to the corresponding transformation in oementite. The 
compound hemiphosphide forms no solid soln. with an excess of iron, but there 
may bo a very slight range of solid solubility on the phosphorus side. The 
pflect of phosphorus on the critical points is very marked. The A 4^ point is rapidly 
depressed and the A^ point raised, the two joining to form a completely enclosed 
area representing the existence of y-iron. There is thus no boundary between a- 
and S-iron, both of which form the same space lattice. H. Junglbluth and 
II. Gummort studied the effect of annealing on the development of the iron phos- 
phide eutectic. 

The microscopic structure of these alloys was also examined by these 
investigators, J. 0. Arnold, J. E. Stead, N. 8. Eonstantinoff, E. Piwowarsky, and 
B. Sakalatwalla. The last-named found the hardness on Mohs' scale rose from that 
of pure iron, 3*5, to between b and 5-5 with the sniaUest addition of phosphorus. 
The hardness remained constant till in the neighbourhood of the first eutectic, 
J^'ig. 25, it rose to 6 with a sample containing 0-93 per cent, of phosphorus, aocl 
remained constant up to the first maximum ; on passing the second eutectic the 
hardness rose to 6-b with a sample containing 16-1 per cent, of phosphorus. The 
hardness was thereafter lowered with an increasing proportion of phosphorus. The 
greater hardness of samples with puteetio proportions of the constituents is attri- 
buted to the closer gram of the fine eutectic structure as contrasted with 
the large, homogeneous, crj'stalline fares presented by the individual components 
of the non-eutectics. E. d'Ainico also studied the hardness of these alloys. 
I'. J. B. Karaten reported that the tenacity of iron is not sensibly affected by the 
])resence uf up to 0-3 per cent, of phosphorus, although the metal is a little harder, 
iron with 0-G per cent, of phosphorus will not stiind the breaking teNt, but it can be 
bent at right angles without breaking ; with 0-G6 per cent, of phosphorus, the 
qualities of the iron arc not those cliaracieiistic of colcl-sliorb iron properly so called. 
The tenacity i.s notably reduced with 0*75 per cent, of plif)-«pliorua, and with 0-8 
per cent, the iron is decidedly cold-short ; and with 1-0 per cent., a bar cannot be 
bent at right angles. All iron with over one per cent, uf phosphorus is brittle. 
E. d'Amico found the elastic limit of steel with O-l^l per cent, of carbon was raised 
about 27 kgrms. per sq. mm. by the addition of each (M per cent, of phosphorus ; 
Ihe tensile strength was raised by 0*5 per cent, of phosphonus, hut fell off with higher 
proportions. The elongation and contraction followed the tensile .strength, falling 
(dl as the phosphorus rose, and becoming nil with higher proportions. H. M. Howe, 
A. Ledebur, T. D. West, and J. E. 8tead also studied the effect of phosphorus in 
the presence of varying amounts of carbon on the tensile streuglli of iron and steel. 
E. d'Aniico found the electrical resistance of phoHphori/<e(l iron anil steel increased 
ns the proportion of phosphorus increased; but the magnetic qualities were 
influence by phosphorus only in so far as its presence makes mpchiiniciU and thermal 
treatment impossible. B. Kremann and 0. Baukovac studied the electrolysis 
of iron phosphides. 

Several of the phosphides which have been reported are of doubtful individuality. 
They have been form^ in most cases by the direct union of phosphorus and iron. 
At a dull red-heat, the monophosphide is formed ; at a bright rcd-lieat, the hemi- 
phosphide ; and at a white-heat, iron retains only a moiety of phosphorus. J. Percy 
described square prismatic crystals of iron fiezttaphosphide, FcaP, s«iid to be formed 
by the action of phosphorus on iron at a red-heat. The product was in all pro- 
bability a mixture of iron and the tritaphosphide. T. Sidot rejiorted iron tefrita- 
phosphide, to be formed by passing the vapour of phosphorus over iron, and 
afterwards, with the inteittion of volat^zing the excess of phosphorus, calcined 
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the product in an ordinary crucible. On breaking the fused and cooled mass, 
the interior was found to be studded with benutiful crystals, many of which were 
nearly a centimetre in length. The crystals were right prisma with a square base ; 
generally iridosceni upon the surface ; they were strongly magnetic, and possessed 
a hardness comparable to that of steel. He suggested that the crystals are 
isomorphous with rhabdite— and consequently T. Sidot’s product 
was probably a misdure of iron and the tritaphosphide. H. H. Hvoslof, and 
H. le Chatelier and S. Wologdine, prepared iron tritaphosphide, by melting 
the elements together. The iron phosphide can be separated from the cold 
pulverized product by means of a magnet or by melting copper phospliide with the 
necessary amount of iron when the tritaphosphide rises to the surface as a separate 
phase. E. Mallard observed tetragonal crystals of an iron phosphide, approximating 
FeP(As), were formed by combustion in the coal mines of Comnienlury, France. 
The conditions of stability are indicated in Figs. 2b and 2G, where, according to 

B. Bakalatwnlla, the m.p. is 1104°, and, accoiding to N. B. IvonstantinolT, the 

m.p. is 1155°; hut J. L. llaughton found that the iTiia])hosphide is formed by a 
peiitcctic reaction at about 1 1G6°. H. le Chatelier and B. Wologdinc gave 1100° for 
the m.p., and 6-74 for the sp. gr. L. J. Bpoucer found that the axial ratio of the te- 
tragonal crystals is a : c=l : 0-3409 The magnetic transformation point is 44r>°-435° 
— tide supra. This phosphide dissolves in hydrochloric acid with the production 
of hydrogen: 2Fe3r+]2l[n-^8Jl20=GFeCl2+2ll3l*04-|-llHo. 0. Kuhn reported 
non dipentitaphosphide, to be formed by melting together a mixture of 

bone-ash with ferruginous quartz, charcoal, powder, and copper. When the 
product was digested in nitrir* acid, glistening, nee<llc-like crystals of this phosphidf^ 
remained. The crystals were insoluble in hot or cold. cuuc. nitric acid, and dil 
sulphuric acid. They were readily soluble in aqua regia. The crystals cannot 
be regarded as a solid solii. of iron tritaphosphide and heniiphosphide siure the 
former is readily soluble in nitric acid. M. Boblique also reported the dipentit.i- 
phosphide, but II. le Chatelier and B. W'ologdinc coidd find no evideuco of its 
existence. A. Granger obtained iron tritetritaphosphide, Fc^Vs, to be fonned 
by passing a cunent of phosphorus trichloride over reduced iron ; the vapour 
of phosphorus diiodide acts similarly, but at a lower temp. H. Btnivc reported 
it to be formed in an impure state, but C. Freese doubted its existence. A, Granger's 
product lost its phosjjiioruB at a red-heat. The grey, prismatic crystals were but 
little affected by aqua regia, but were freely attacked by chlorine, and fused alkali 
hydroxides. The analyses of the phosphides prepared by J. J. Berzelius, F. Wohler, 

C. Hatchett, H. Davy, 11. Struve, P. Berthicr, and B, Pelletier corresponded with 

iron hemiphospbide, FeoP. It was obtained by C. Freese by heating a mixture 
of iron phosphate and lamp-black in a covered crucible for 4 hrs. at a white-heat. 
It appeared as a pale grey crystalline powder of sp. gr. 5-71. G. Maronnean 
obtained it by heating copjici phosphide with one-tenth of its weight of iron turn- 
ings in an electric furnace, and isolating the product by treatment with cone, nitric 
acid. The sp. gr. was G-ri?. H. le Cliatelier and B. Wologdme made it in a similar 
manner, and &om its elements, and by reducing iron phosphate by the almnino- 
thermite process. This phosphide appears in pale grey, needle-like crystals. The 
conditions of stability arc indicated in Figs. 25 and 2G. C. Freese gave 5-74 for 
the sp. gr. ; G. Maronneau, G-57 ; and H. le Chatelier and S. Wologdine, 6-56. 
B. Bakalatwalla gave 1275'" for the m.p. ; N. S. Konstantinoil, 1350° ; J. L. Haughton, 
13K0° ; and H. le Chatelier and S. Wologdine, The last-named gave 60° for 

the magnetic transformation point, and found it to be 50 times less magnetic than 
the tritaphosphide. The steel-grcy prismatic crystals were found by J. J. Berzelius, 
H. Btruve, and (J. Freese to pass into ferric phosphate when heaLed in air ; they 
were insoluble in all acids, and in a mixture of nitric and hydrofluoric acids. 
G. Tammann and H. Bredemeicr studied the surface oxidation of the hemiphosphide, 
Bs well as the films produced by the halogens. H. Moissan said that this phosphide 
is attacked by fluorine at a red-heat. R. Schcnck added ferrous sulphate to a flask 
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from which phoBphuietted hydrogen was being evolved by the action of potash* 
lye on phosphorus. The block pulverulent, and magnetic iron ditritapbooplil^ 
FC 3 P 2 , so obtained was washed by decantation, then with water, with alcohol, 
and with ether. It readily oxidiz^ on exposure to air ; and ignited below 100°, 
forming a reddish-brown powder. It dissolved slowly In dil. or cone, boiling acids, 
forming hydrogen and phosphine. 0. Freese, A. Bchrotter, and H. H. Hvoslef 
prepared iron monophosphide, FeP, by heating ferrous sulphide in a current of 
phosphine ; 2 FeS+ 2 PHg= 2 FeP+ 2 ^S+H 2 , or by passing a mixtuie of hydrogen 
and phosphorus vapour over red-hot iron ; while H. le Chatelier and S. Wologdine 
mode it by passing the vapour of phosphorus over red-hot, powdered iron hemi- 
phosphide. L. M. Dennis and B. 8. Cushman made it by heating ferric chloride 
at a red-heat with phosphine : FeCla+PHa—FeP+SHCl. The black crystalline 
mass was found by A. &hrbtter to have a sp. gr. of 5-21 ; and H. le Chatelier 
and S, Wologdine gave 5'7G, and 48° for the magnetic transformation point. 
It was found to be 1*5 times more magnetic than the hemiphosphide. H. Rose 
reported iron tetratlitaphosphide, Fes?!, to be formed by the action of phosphine 
on gently warmed iron pyrites: 3F(^2+^PHs‘=®'®3P4+6H2S. 0. Freese also 
ubtained it by passing phosphine over heated iron, or ferrous chloride; and 
A. Granger by the action of phosphorus trichloride on red-hot iron. The dark 
grey powder has a sp. gr. S-Ol. It passes into one of tlie lower phosphides when 
heated in hydrogen. According to II. Rose, the jiroduct gave the phosphorus 
flame when heated in the blowpipe flame ; it dissolved in nitric acid and aquu- 
regia, but not in cone, or dil. hydrochloric acid. H. le Chatelier and 8. Wologdine 
pTe])ared iron heniitiipliosphide, Fc J’n. by passing the vapour of phosphorus 
dicliloride in a stream of hydrogen over reduced iron. A. Granger obtained this 
phosphide- mquiphofiphitle — by carrying phosphorus vapour over heated 
ferrii* clih^ride by means of a current of carbon dioxide. H. le Chatelier and 
S. Wologduie found that the steel-gccy crystals have a sp. gr. uf 4-j. The magnetic 
penueahility is oiie-seventy-fifth part of that of themonophosphide, and 30 times 
iliat of water. The permeability iucreasos slowly as the temp. f.*ills to —50°, 
but no magnetic traiLstoriuation point could be found. According to A. Granger, 
the M'.squiplioHphirlo is insoluble in hyilroclilnric and nitric acids and in aqua regia ; 
does not alter when heahed in air to dull redness, but loses phosphorus at a bright 
red-lieat ; and is slowly attacked by chlorine nt dull redness, and by bromine at 
a higher temp. 

J. E. Stead showed that on melting sat. solid soln. of iron phosphide in iron and 
carbon alloys, the carbon causes a separation of phosphide near to the point of 
solidification, which appears as a outeciic in irregular-shaped areas ; a residuum 
appears to be retained by the pcarlite. E. D. Campbell and 8. C. Babenok 
investigated the solubility of phosphorus in carbon steels. The ternary system : 
Fe-O-B, was studied by J. E. Stead, F. Wiist, aud P. Gocrens and co-workers. 
According to F. Wiist;, the temp, at which sat. iron-carbon alloys begin to solidify 
is lowered by the addition of phosphorus, 1 per cent, nf phosphorus causing a 
depression of 27°. When the proportion of phosphorus exceeds 6*7 per cent., 
the f.p. again rises. The ternary eutectic melts at 95()°, and contains 6*7 per cent. F, 
2‘U per cent. C, and 91-3 per cent. Fe. The eutectic disappears at a phosphorus 
content of 15 per cent., corresponding with the phosphide Fes?. Alloys containing 
between 6*7 per cent, and 15 per cent, of phosphorus show crystals of the pliosphide. 

The solubility of carbon in iron is reduced by the addition of phosphorus, but 
the temperature of formation of the eutoctoid pearlite is not influenced fay the pre- 
sence of the phosphide. F. Goereus and W. Dobbelstein gave for the composition of 
the ternary eutectic E, Fig. 27, at 953^ 1*90 per cent, of carbon, G-89 per cent, of 
phosphorus, and 91*15 per cent, of iron ; and J. E. Stead, respectively 1-92, 6-89, and 
91*19. In Fig. 26, A represents the iron-phosphorus eutectic, and B, the iron-carbon 
eutectic. They showed that when sat. solid soln, of iron phosphide in iron are heated 
or cooled they show no critical point at Ats, and the structure is not broken up even 
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when the temp, exceeds 1000'’. There can therefore be no allotropio change from 
j3- to y-iron by heating to 1000'’. " When, however, carbon passes into the mass, 
ft large proportion of the phosphide is expelled, and the carbon absorbed converts, 

at the temperature of the cementation fur- 
nace, ft dominating proportion of the j9-iion 
into y-iron, and coincidentally the structure 
is entirely reorganized and recrystallization 
is effected. The recrystallization can only 
proceed coincidentally with the penetration 
of the carbon from the exterior towards the 
centre. Under favourable conditions the 
slowly developing crystalline grains develop 
longituilinally into columns, which radiate 
the middle of the bar. A similar con- 
dition of crystalline development follows 
''o^i 6 the change of allotropic state, but in the 

« ™ ^ reverse direction, w'hen carburetted steel is 

” limestone at about 
7.»(r. At that temp, iii presence of diffused 
carbide the carbon is in the y-state, but as 
the carbon is removed j3-iron is formed and rrvstnllizHtion of the iron proceeds from 
the exterior to the centre of the mass, leaving a most perfect columnar structure.” 
J. 0. Arnold and A. Me William showed that iron phosphide will diffuse from 
iron with 1-36 per cent, of phosphorus into pure mm when placed in close contact, 
and heated in vacuo for 10 lirs, at 1(X)0“. The relulive sjieeds of diffusion of carbon 
and phosphorus are as 3 : 1. J. E. Stead also noted this phenomenon. F. Osmond, 
H. M. Howe, and J, E. Ktead observed that the Aiycritical temp, of mix is 
raised by phosphorus— ()-117 changing the Acg temp, from 83)'’ to 870'’ if the initial 
ingot structure was removed by annealing, and to liriO' i[ it was not removed. As 
F. Osmond puts it, phosphorus preserv'es the a-iruii at a high temp. A. Carnot 
and E. Goutal fount! that hardening steel in the firescnce of manganese exerted 
no influence on the way iron oikI phosphoru.s conihine. M. Lenrauchez observed 
that when carbon dioxide arts on hested }diospliorized pig-iron, carbon monoxide 
is formed by the abstraction of carbon from the inm, and much of the phosphoru i 
is at the same time eliminnied. According to J. E. Stead, the proportion of 
pho.sphinp given off on dissolving phosphoretic irons free from carbon is approxi- 
mately inversely in proportion to the amount of pho.^ph(»rus. When ] *7 per cent, 
is present, only about 1 per cent, of it escapes as ga.s, wliereus when there is only 
from (K)3 to U-ll) per cent., nearly 70 per cent, nl it pas.se.s oil ns pho.s]dLine. When 
carbon is introduced into irons containing from ij'03 to U-lU per cent, phosphorus, 
the proportion of phosphine liberated on aolubiou of the metal steadily decreases 
with each increment of carbon, until, when the latter reaches about 1*2 per cent , 
only If) per cent, of the whole escapes as phu,spliinc. This behaviour leads to the 
conclusion that there are two .soln. in steel almve its solidifying point, a solu 
of carbide and a solu. of phosphide; that the carbon soln. is the dominant one , 
and that the soln. of phosphide is cone, more and more into that portion of the iron 
not dominated by the carbon. The more the soln. of phosphide becomes cone, hy 
the carbon, the less proportion of it is capable of yielding phosphine when it h 
treated with acid. 


According to B. Pelletier, an alloy of cobalt and phosphorus is formed when 
pieces of phosphorus arc projected on red-hot colialt ; and by igniting a mixture 
of cobalt with glacial x)hosphoric acid and charcoal powder ; while P. Berthier made 
the alloy by heating white-hot a mixture of cobalt or cobalt oxide, bone-ash, 
powdered quartz, and charcoal, and II. Rose, by the action of phosphine on heated 
cobalt chloride, or by igniting the phcMphate in a stream of hydrogen. P. Eulisch 
found that phosphine precipitates a mixture of cobalt and its phosphide fruiu 
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atnmoniacal boIo., bnt it givea oo precipitate with acid or neutral soln. I. Schepeleff 
and F. S. Schemtschuschny determined the f.p. curve fur a number of alloys of 
cobalt and phoaphorua, and the results are illustrated by Fig. 28. The 
tritaphosphide of cobnlt curresjiunding with that 
of iron and of nickel doe,s not appear on the 
diagram; hui cobalt hemiphosphide, is ' 

formed. A. Granger made it by heating reduced 
cobalt at as high a temp, as possible in a porcelain 
tube through which the vapour of phospJiorus 
iricliloride is passed ; and G. Maronneau obtained 
it by heating a mixture of copper phosphide and 
cobalt filings in an electric arc furnace for five 

niinutea. The steel-grey mass consisting of needle- 5 /o /S 20 ^ 

hko crystals has a ap. gr. G'4 at 15^ I, Rclicpclpff Per cent, phosphorus 

and F. 8. Schcmtschuscliny gave 1386° for the Pia. 28^Th6 Freezing-point 
m.p. ; 4 for the hardness ; and G*3 to 6*6 for the Curvea of Cobalt-Pbosphorus 
sp. gr, 11 is less magnetic than the metal. Accord- Alloys, 
ing to A. Granger, and G. Maronneau, the phosphide 

is slowly decomposed by hydrochloric acid ; is freely dissolved by nitric acid and by 
aqun r(‘gia ; and it is decomposed by chlorine, and fused alkali hydroxides. II. Rose 
made cobalt ditritaphosphide, by passing phosphine over red-hot cobalt 

ihloridc; and by healing the phosphate in a current nf hydrogen; while 
A. Schrntter made it by pushing tlic vapoiu of phosphorus over reduced colmlt. The 
pale grey rrystalline mass had a sp. gr. 5*62. If. Rose said that the black powder 
does not give ihe phosphorus flame when heated before the blowjupi* ; but when 
heuterl in (‘hlorine it burns, forming phosphr»TUM mid cobalt chlorides. It is insoluble 
in cone, hydrueliloiie acid, but really dissolved liy nitric acid. Ry warming cobalt 
(lilurule at a dull reddieat, 111 phos])hQius vapour, and boiling the products of the 
reliction with dil. hydrochloric acid, A. Granger obtainul a black, non-magnotic 
liiitlle ninss of cobalt hemitriphosphido, ToiilV It decomposes at a bright 
red-heat ; it is insoluble m hydrochloric and nitric uciris, and in aqua regia ; and 
is likewise attacked by chlorine at a high temp, 

According tfi H. Pelletier, n nickel phosphide in formed energetically when pieces 
of phosphorus are jirojected on refl-hnt nickel or b} fusing a mixture of glacial 
phosphoric acid, nickel, and charcoal. \V. A. Lamjanlius used Bimihir processes. 


P. Bcrtliier obtained a ])ho^phide by fu-^ing n mixture of nickel or nickel oxide, boiie- 
aali, powdered quartz, and cJiarcoal in a irraphite crucible ; II. Davy, by passing the 
viij)0UT of phosplionis over red-liot nitkel; ('. F. Rfiinmclsberg, by calcining the 
hypophospliitc ; and A. ( Ipponhcuii, by boiling a soln. of nick el oxide in uq. ammonia 
with phos])linrus. V. Kulisch found that ueurral and acid soln. of nickel salts are 
not changed by pho^]Jhlne, but aiumoniacal soln. give u black precipitate which 
is M variable mixture of nickel and its phosphide. N, S. Konstantinoff plotted the 
f.p. curve of alloys of nickel and phus^phorus, and the results arc sliown in Fig. 29. 
Three nickel phusphidee are indicated on the diagram. The first, nickel trita- 
phosphide* MiaP, freezes at about 96r)°, and it appears in rhombic ]ihite.s ; the second 
compound is nickel dipentitaphosphidei Ni^Pg. Its formation w^as reported by 
B. Pelletier, W. A. Lompadius, and P. Berthier by the methods indicaled above. 
A. (Jranger obtained it by the action of phosphorus trichloride on nickel at a red- 
heat; the product with phosphorus tiiiodide was not of cimstant composition. 
The dipeniitaphospLide appear'^ in necdle-like or tabular crystals, which J. Uarnier 
consider to be tetragonal. B. Pelletier said that the compound is uou-magaetic 
and more fusible than nickel. The m.p. given l)y N. S. Konstantinoff is 1185“, 
and he found that there are two modifications wnli a trairdtion point at 1035“. 


The j9-dipentitapliosphide dissolves in the liemiphosjihule, and the solid soln. 
separates into the heiuiphosphido and a-dipeutitaphosphide at about 10(K)“. 
A. Granger said that this phosphide loses phosphorus at a high temp., and is 
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hydroxide ; it in insoluble in acids ; but freely soluble in a mixture of nitric and 
hydrofluoric acids. The product obtained by H. Davy, and A. Schrdtter by the 
action of phosphorus vapour on nickel corresponded with nickel ditlitaphosphide, 
NisPs i obtained it by the action of phosphine on red-hot nickel sulphide 

or chluiido, and he said that it is produced by calcining nickel pyrophosphate— 
but H. Stnive obtained the heniiphosphide by this process. A. Rchrbtter Rave 
6*99 for the sp. gr. of the greyish-^hite mass. It is not affected by hydrochloric 
acid, but is easily dissolved by nitric acid. A. Granger reported nidnl hemitri- 
phosphide, Ni^Ps, to be formed bypasbing phosphorus vapour in a stream of carbon 
dioxide over red-hnt nickel chloride. The grey crystalline mass looks like graphite. 
It is not altered when heated to redness, but in the gns llaino it loses phosphorus, 
and fuses to a metallic-looking mass. The hpDiitnphosphide is not magnetic ; 
it is not affected by hydrochloric or nitric acid, or by aqua regia ; chlorine attacks 
it when heated. 

The association of phosphorus with iron and nickel in meteorites was recognized 
by J. J. Berzelius, about lb32 ; and, on account of the slow solubility of the iron 
nickel phosphide in acids, C. U. Shepard called it a complex phosphide, dydyiite — 
from S^XvTos, difficult to dissolve— and shortly afterwards, W. Haidinger called 
it schreibersito- after C. F. A. von Schreiber. The term schreibersite hail previously 
been applied by C. U. Shepard to a chiomium sulphide. Analyses of the iron nickel 
phosphide from various meteorites were made by N. W. Fischer, C. F. Ratnmelsbcrg, 
J. J. Berzelius, J. L. Smith, 0. Bcrgcmann, anil H. Muller; and J. L. Smith 
summarized the results of his analyses by Fe 2 (Ni,Co)P ; S. Meunier gave a similar 
formula ; and E. Cohen, (Fe,Co,Ni) 3 p. C. von Reichenbach, and W. Haidinger 
disagreed on the use of the term schreibersite, and the former proposed tlie name 
bamprite or tron fflatice for a constituent of meteorites which had a metallic lustre 
and tin-white colour. This was shown to be mainly cohenite. F. Wohler applied 
the term parischUe- after P. M. Partscb— to a form of iron nickel phosphide occur- 
ring in meteorites in four-sided prismatic crystals ; aud G. Rose employed tho term 
rhflbdite — ^from pdjSSor, a rod — ^foi the complex phosphide occurring in minute 
tetragonal prisms or needles distributed parallel to the cubic edges of various 
meteoric irons. The term schreibersite then came to be applied to t^t constituent 
of these meteorites which occurred in steel-grey folia and grains ; and rhabdite, 
to that occurring in needle-like crystals. Analyses were also made by C. Winkler, 
E. Cohen, A. Brezina and £. Cohen, E. Cohen and E. Weinschenk, 
E. D. Kislakowsky, N. S. Maskelyne, W. Flight, J. Domeyko, S. Meunier, C. A. Joy, 
H. WichelhauB, A. Daubree, B. Silliman and T. B. Hunt, E. Mallard, 0. A. Derby, 
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E. Hnssaki 0. Florence, J. A. Antipoff, G. F. Morrill, W. TosBin, etc. H. E. Tdrne- 
hohm reported schreibersite in the terrestrial iron of Ovifak, although E. Cohen 
oould not find it there ; G. vom Rath reported rhabdite in some pig-iron. A. Faye, 
E. Jannettaz, J. Gamier, and A. Daubrde discussed the synthesis of those phosphides. 
E. Mallard identified the iron phosphide he obtained as the result of a coal-mine fire 
--euie supra— with rhabdite. G. Tschermak, J. L. Smith, E. Cohen, and E. Cohen 
and E. Weinschenk allowed that dyslytite, schreibersite, and rhabdite are probably 
the same thing ; indeed, G. Tschermak found transition forms between acicular 
and foliated crystals — t.e. between scbreibersite and rhabdite— in the meteorite 
of Braunau. 

No definite tlioiium jihosfhUe has been reported. C. Claus s') found that when 
the basic phosphate is heated in a current of hydrogen, the metallic-looking residue 
is a mixture of phosphorus and the metal. According to J. J. Berzelius, palladium 
unites with phosphorus at a high temp., forming a fusible palladium phosphide. 
B. Bottger found that when phosphine is passed into palladous salts, the precipitate 
is a mixture of phosphorus and metal. F. W. Clarke and 0. T. Joslin obtained 
iridium hemiphosphide, Ir^F, by projeciiug phosphorus on iridium at a white- 
heat. The product is as hard and resistant as iridium, and it loses its phosphorus 
when heated whitediot fur some time. In this way, J. Holland was able to prepare 
objects of iridium shaped with the fusible alloy and afterwards converted into the 
iridium alone. 

Platinum readily alloys with phosphorus. B. Pelletier obtained an impure 
phosphide fusing platinum with glacial phosphoric acid and charcoal powder, and 
also by projecting phosphorus on red-hot platinum ; K. Davy, by melting spongy 
platinum with phnsphorus in an evacuated glass tube ; and by heating ammonium 
chlnroplatinate and phosphorus to dull redness ; E. Davy, by the electrolysis of 
phosphoric acid with a platinum cathode; and W. 0. Herarus, by igniting mag- 
ni\sium pyrophosphate in a platinum crucible. According to A. Granger, phosphorus 
vapour acting on finely-divided platinum at 500° furnishes platinum diphosphide ; 
at 6(X)°, the pentatritaphosphide, and at a higher temp., the hemiphosphide. 
J. J. Berzelius also found that phosphorus vapour reacts with other platinum metals, 
funning, say, pallaiUiim phosphide^ iridium phosphide^ and omiim phosphide, 

F. W. Clarke and 0. T. Joslin prepared pbtinam hemiphospliide, Pt 2 P, by 
heating the pentHtritaphosphide ; and A. Granger, by the action of phosphorua 
vapour on finely-divided platinum at 700'’. The grey powder is sparingly soluble 
in aqua regia, and it is readily attacked by molten sodium carbonate. F. W. Clarke 
and 0. T. Joslin prepared platinam monophosphide, PtP, along with the 
dipho<;phide by heating the pentatritaphosphide with aqua regia. A. Granger made 
platinum pentitatripbosphide, by heating platinum sponge in phosphorus 
vapour at 600° ; and F. W. Clarke and 0. T. Joslin, by heating a mixture of platinum 
and phosphorus at a white-heat in a fireclay crucible. The silvery-white mass loses 
phosphorus when heated ; and with aqua regia it fumishes the mono- and di- 
phosphides, A. Schrotter, and A. Granger reported platinum diphosphide, 
PtP 2 , to be formed by the action of phosphorus vapour on platinum at about 500° ; 
and F. W. Clarke and 0. T. Joslin, by heating the pentatritaphosphide with aqua 
regia. A. Schrotter gave R-77 for the sp. gr. of the grey mass, and he found that 
when heated, it decomposes into the pentatritaphosphide and phosphorus. 1. 1. Sas- 
lawsky studied the mol. vol. It is insoluble in hydrochloric acid, and other acids, but 
soluble in aqua regia. It is decompo.scd by molten alkali hydroxides. P. Kulisch 
studied the action of phosphine on soln. of platinum chloride. The citron-yellow 
precipitate darkens, finally becoming nearly black. Ibe proportion of platinum and 
phosphorus approaches that of the diphosphide — ^possibly platinum dihydiodi- 
Phosphida, PtH 2 p 2 > Cavazzi represented the reaction with phosphine ; 
PU:i4+2PH8=PtCl2-f2HCH Pg[l 4 ; and P2H4+PtC!l2=2HCl+PtHjF2. The 
Dohre-ycllow product inflames in air between 100° and 110° ; and also in contact 
with fuming nitric acid. It is insoluble in water and in hydroohloiio add. 
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S 18. The Lower Oiides ol Phoephoma 

The main oxidca of phosphorus with their acids are : 

Adda. 

. Hypoplioaplionis acid, }f,PO| 

. Phnapikuroud iicid, H,POa 
. I'yrophoaphorouB arid, il|T’|0| 

, MBtaphoBphoroua arid, (UJ^OJn 
, Mixed licida, U.PO. and U,PO« 

. ilypuphoapbonr acid, U^PiOp 
. IMioaphonc acid, H,PO| 

. Pyrop]ioa[diorir acid, Il«PsOf 
. ^bitaphoHphoric acid, (UPl)|)n 
. Alonoperphoaphorio acid, H |P()| 

. Dip('r|jhLMiphorio acid, 1J|P|1>| 

There are derivatives of phosphorous and pho.sphoTic acids like pyro|>ho.spharic and 
nictapho.sphoric acids, etc. ; and also some more or leas doubtful oxideR like phoR- 
phurus tetritoxide. The early irivcstif^aiors H])eak of the {oriiiatiou of a suboxide 
under various conditions, but the subsequent discovery of red phospliuruR by 
A. Schiritter ^ proved that in many cases the alleged oxide was an allotropic form 
of pbo<iphorus. This is considered to have been the case with the red substance 
ioimcd by the incomplete combuRtion of phosphorus by oxygen under water — 
H. A. von Vogel, J. Fclouzc, and K. Jluttger ; by the incomplete combustion of a 
thin layer nf phosphorus spread over a porcelain capsule to keep down the temp, 
anrl washing the product with water to remove phosphoric arid, and with phosphorus 
trichloride to remove yellow phosphorus — U. J. 3. Lcverrjcr ; by the incomplete 
oxidation of phosphorus by heating it with ammonium nitrate — K. F. Marchaud ; 
and by boiling the phosphorus with an aq. soln. of iodic or periodic acid— 
H. Beugieser. 

U. J. J. Leverrier exposed to air a soln. of phosphorus in ether or in phoHphoru.s 
trichloride, washed the product in warm water, and dried it in vacuo over sulphuric 
acid. The anulvAis corresponded with phofipboros tetritoxide, P4O. B. Keinitzer 
anrl H, Goldscbmidt obtained a similar product by the action of phosphorus 
oxychloride on zinc, magnesium, or aluminium at 100% or on yellow phosphorus 
at 2rj()°. They added that the substance obtained with yellow phosphorus has the 
composition of phosphorus tetritoxide, but not its properties. Its properties 
approximate closely to those of red phoHphorus. 

According to U. Biltz, ammonia acts energetically on phosphorus pentoxide at 
ordinary temp., lorming a dark reddish-brown mass of phosphamic acid, which, wlieu 
treated with water, forms phosphine, yellow phosphorus, and a reddish flocculeiit 
mass of phosphorus tetritoxide— not re<l phosphorus as II. Schifi supposed. A 04)ti 
per cent, yield of the same oxide was fonned by heating phosphorus pentoxide at 
260® either in vacuo or in a current of air, carbon dioxide, hydrogeni oxygen, or 
steam. Traces were also produced by dissolving the pentoxide in water or soda-lye* 


(PlkOBpborua tetritoxide. ]'40) 
(J'linbj)liorua lioniiuMcip, . 
Fhosphoroua oxide, i'401 

riiosjilioruh tetroxide, PiQi . 
riiosphorie oxide. rgOi 
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Tbo formation of the tetritoxide ie said to be conditioned by the high temp., and 
by the presence of trioxide in the pentoxide. It is not formed by the action of a 
large excess of water, or ammonia ; nor when the pentoxide has been purified by 
sublimation over platinum black in the presence of ocygon. Borne tetritoxide was 
formed by heating the pentoxide for several hours at 230 "*, so that this treatment was 
not suflBcient to remove all the trioxide which boils at 173 ”, or else the commercial 
pentoxide contains jpmall quantities of other lower oxides of phosphorus. A. Stock 
observed the formation of the tetritoxide when yellow phosphorus is heated above 
its m.p. in liquid ammonia ; the resulting black powder is considered to bo a mixture 
of pbosphamide and tetritoxide. The amide decomposes in presence of water, moist 
air, or acids ; 2p2NH2-|-H20=F404'2NI^. Phosphorus tetritoxide is obtained 
by withdrawing water from hypophosphorons acid; thus. A, Michaelis and 
M. Piisch made it by treating hypophoaphorous acid with water: 4H3PO2 
- 2P2O+6H2O; 2P2O— P4O+O; hydrochloric acid, acetyl chloride, or phosphorus 
trichloride can be used in place of water ; 4H3pO2+2PCl3=HaPOjj+H3pO4+6lI01 
+P4O ; but A. Geuther found that the actions of phosphorus trichloride on the 
acids of phosphorus furnish red phosphorus. C, H. Boihamley and Q. B. Thompson 
said some tetritoxide is produced by the action of phosphorus trichloride on 
phosphoric acid — infiat the preparation of phosphorous oxide. Commercial 
hypophoaphorous acid nearly always contains lime so that the product is affected 
accordingly. 

A. Ahi-haelia and K. von Arend prepared the tetritoxide by evaporatinff hypophosphoroua 
arid on a water-bath, mixuif; it with absolute alcohol and dry etlier to remove the calcium 
ealls. The alcohol and ctlior are distiUed from the filtrate, and the rosiduo evaporated 
on the wator-hnth. Thirty grms. of hypophoaphorous acid so piirifiecl are diasolved in 
100 grmB. of fdacial acetic acid, and trea^ with 90 grniB. of arctic anhydride. The 
mixture was thoroughly mixed by shaking and poured into 1 to 2 litres of ice-culd water. 
Tltc tetritoxide was allowed to settle ; and, after decantation of the motherdiquor, weslipd 
with ice-cold water, and alcohol. Tho product was dried over phosphorus pentoxide in 
voruu. 

A. Michaelis and K. von Arend used ammonium hypophosphite in place of the acid ; 
5(NH4)H2p02=P40-f HbP 03+6H20+3NTI8. T. E. Thoijio and A, E. H, Tutton 
said that the tetritoxide is product when phosphorus trioxide is decomposed by 
hot water. According to A. Michaelis and M. Fifsch, phosphorus dissolves in a 
mixture of one vol. of a 10 per cent. soln. of sodium hydroxide, and 2 vols. of 
alcohol, producing a dark red liquid with the elimination of hydrogen. Wlicn the 
filtered soln. is slowly acidified with dil. hydrochloric acid, a groenish-yellow pre- 
cipitate of pliosphoms tetritoxide is formed. The precipitate can be washed by 
decantation several times with hot water; collected on a filter, and washed 
successively with hot water, boiling alcohol, and ether. The product was dried 
on a porous plate in vacuo ; and, dter being ground to powder, again dried over 
phosphorus pentoxide lor several days. This mode of preparation was also 
employed by A. Michaelis and K. von Arend, and D. L. Chapman and co-workcrs. 
A. Michaelis and M. Fitsch also obtained the tetritoxide by using solid hydrogen 
phosphide in place of phosphorus: p4H2+H20=P40+2H2. A. Terni and 
C. Padovani obtained it by heating stannic chlorohypophosphite to I’.Xl”, and 
cooling the mw as soon as redding begins. On extraction with cone, hydrochloric 
acid, the tetritoxide remains undissolved. 

The products obtained by those different processes vary in colour from dark 
brown through orange to scarlet-red, or even pale yellow, according to the state of 
subdivision. A, Michaelis and M. Fitsch gave 1 - 9 116 - 1 '9123 for the sp. gr. at 26 ” ; 
and B. Reinitzer and H. Goldschmidt gave 1 ’ 48 . The properties of the tetritoxides 
prepared by the action of zinc and of phosphorus on phosphoryl chloride are so 
different that B. Reinitzer and H. Goldschmidt suggest^ that two different forms 
of the tetritoxide exist, One form reduces salts of silver, gold, and mercury ; the 
other does not. From the description of the properties of the product derived from 
the use of phosphorus, impure red phosphorus not the tetritoxide was in question. 
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A. Michaelis and M. Pitaoh thus describe the properties of the tetritoxide When 
thoroughly dried, it is almost odourless, hut a trace of moisture imparts to it the 
odour of phosphine ; in the former condition, also, it may be hea^ in air to a 
comparatively high temp, without becoming ignited, but when moist it bums readily 
after being heated at 90 ” during several hours. If dried and heated in an indifferent 
gas, phosphorus distils over, leaving phosphoric oxide. Chlorine converts the dried 
oxide into phosphorus oxychloride and phosphorus pentachloride, the damp 
substance being oxidized to phosphoric acid, which is also produced by the action 
of sodium hypochlorite and of warmed sulphuric acid, the latter becoming reduced 
to hydrogen sulphide. Cone, nitric acid ignites the substance, which is indifferent 
towards hydrochloric acid. Many metals are precipitated by it from soln. of their 
salts either in metallic form, or as phosphorus compounds. A soln. of sodium or 
potassium hydroxide in aq. alcohol dissolves phosphorus tetritoxide, forming a 
deep red soln. which transmits only light between the C and D lines of the 
spectrum; when warmed, or on stan^ng at the ordinary temp., this soln, 
evolves hydrogen and phosphine, sodium hypophosphite remaining dissolved. The 
oxide is coloured brown by ammonia, but the latter is removed on exposure to air, 
and the substance regains its orange-red hue. The presence of both alkali-lye 
and alrohol appear to be ncce&sary for the dissolution of the tetritoxide ; possibly 
an alcoholate is formed NaO— P4— OC2H5, which is decomposed by acids or carbon 
dioxide and the tetritoxide precipitated : Na0.F4.0C2B5=P40-|-C2H50Na. 

The analyses of the tetritoxide by U. J. J. Leverrier, B. Bcinitzer and II. Gold- 
schmidt, and A. Michaelis and M. Pitsch arc in agreement with the empirical formula 
P4O, which oan be represented graphically : 



G. le Eas also found this fonmila to be in harmony with the mol. vols. of the con- 
tained elements. A. Rchrbtteris view that the red product is impure red phosphorus 
was accepted by D. L. Chapman and co-workers because the analyses range from 
bS-fiO to 94 -D 2 per cent, of phosphorus, showing that the composition is variable, 
and hydrogen is present in considerable quantity. It is hence concluded that the 
alleged suboxide is red phosphorus whose microscopic particles have adsorbed 
water and undergone surface oxidation. A. Stuck ^aid that the samples of the 
tetritoxide which have been prepared retain hydrogen and water so tenaciously that 
the analyses schr annahrud den fur PJi) herechneten Gehalt besilzt, R. Schenck said 
that the tetritoxide behaves towards alcoholic alkali-lye like red phosphorus towards 
piperidine, and Buggested that it is possibly a solid hydrogen phosphide mixed with 
finely-divided red phosphorus. A. Besson also regarded the tetritoxide os a mixture 
of red phosphorus, solid hydrogen phosphide, and phosphorus hemioxide. 
K. C. Browning considered that the tetritoxide can exist under certain unspecified 
conditions. A. Stock and co-workers, and A. Gutbier had doubts about the 
veritable existence of the tetritoxide as a chemical individqal. 

In the pie|iani1ion of phosphorus tetritoxide by exposing to air lor 24 hru. yellow 
phosphorus under a layer of plioRphorus triciiloride, a tinek wliil« crust is formed on the 
surface of the phosphorus ; and abovo and below this a yellow layer of a complex with the 
composition ^ 40 . 3 P|()| The phosphorus trichloride is docontod off, the pieces of 
phosphorus to which the complex adlteres ace separated from one another and put into 
water. The complex dissolves in water, forming a yellow soln. which is poured oil from the 
phosphorus. At 80^ the product docomposes into phosphoriu acid, and yellow Hakes of 
a hydrated phosphorus sulmxide of unknown composition. 

According to A. Gautier,^ when phosphorus trichloride is heated with crystalline 
phosphorous acid to 170*^ in a scaled tube, it furnishes a reddish-brown mass, tlie colour 
of wliich is due to the deposition of red phosphorus, aci’ordmg to tlie following equation ; 
3rcia-1-7H,PO|»4P+3H|l’,QH-9HUl. if, however, tlie temp, is not aJlowsd to rise 
beyond 7D'*-80*, hydrochloric and pyropliosphorie acids are still formed, but a bright yellow 
substance gm dually separates, which may be puiiiied by distilling oil tiie excess of 
phosphorous clilondo, ^ wasliing the residue with ioe-cold water. The yellow powder 
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thus obtftfnAd, dnad fint m wduo, then at liO** in a oumnt of carbon dioxide, baa the omn- 
poiition of phosphorus tetiltahydroxldo, P^O. If the reaction ia aUowed to take plaoe 
at a temp. abuvB 80^ the product ia contaminated with amorphoua phoaphorua. 
R. Boulou^ obtained the same aubstanoe by diasolving phoaphorua tetri tiodide in potasaiuin 
hydromde: PiI+KOH^Kl+PiOH ; or by diBSoIving the tetritiodide in a aoln. of 
potasaiuin hydroidde, or carbonate, and adding hydrochloiio acid to the liquor. The 
compound P^HO ia yellow, amoiphoua, unchangeablo in dry air, but undergoes oxidation 
in moist air. It ia insoluble in all the aolvonts employed, water, alcohol, ethor, benzene, 
chloroform, eaaence of turpentine, even at 150 ^ glycerol, acetic acid, phosphoroua acid, and 
phosphorous or antimonious chloride. It is a very stable body, and may be heated to 
250°^ dry carbonic anhydride, without losing weight. Towards 265” it evolves phosphine, 
and seto free a little common phosphorus, but it is only at 350”-360” that the phosphorus 
volatilizes freely, leaving an oxidized residue which attacks the glass. The compound is 
not alTerted by dil. acids, but ordinary nitric acid attacks it so violently as to produce a 
bright liglit. Water at 17U” decomposea it easily, witli evolution of pure phospliine-^ 
2r|il0+llIT|0»:5ri],O|+PIl|O|+2Pli|. Very dil. alkaline solm act upon the body 
PillO, fsausing tho disengagement of a mixture of phospliine and hydrogen, and furmshing 
Boln. of phosphate and hypopliosphite, togoiher with an insoluble brown substance, which 
when exposed wet to tho air, seems to reproduce the original compound. Ammonia unites 
directly with P|HO, producing a compound from wliieh ammonia is withdrawn by tho action 
of boat or of hydrochloric acid. A. Michoolis and M. Piiach regard this hydliroxide as a 
mixture of phosphorus teiritoxide and phosphorous acid. A. Gautier also found that the 
yellow powder often produced in the decomposition of phosphorus cliiodide by water is 
similar in some respects to the preceding. Jt appears to be invariably formed when the 
iodide ia decomposed by n largo quantity of water. Analyses lead to the formula PtHgO, 
Olid tho formation of the body may be explained by the following equation : 12PI, 4-2411 JO 
--P|H|043Pl]|044'3riTs0,+PH|0,+24111. During the reaction there is disengaged 
a quantity of phosphine, resulting from the further action of water upon the yellow l^y : 
r4ll|04ttiL|0=Pll|0|+2Pll|0|42PH,. Tho compound F|H|0 forms an unstable 
compound with fumnonia. A. Mioliaelis and M. Pitroh consider tliis compound to be a 
mixture of pliosphoros tetritoxide with solid liydrogen phosphide. K. 1. Lisaenko supposed 
the yellow precipitate to be hydrogen diphospliide. A. Gautier also found that when 
PpII |0 is heated gradually to 276” in a current of carbon dioxide, it evolves phospliine, and 
loaves B residue wliich undergoes no further decomposition till tho temp, is rais^ to 350”, 
and to which imalyBis assigns the formula, P,,H|0, : 3P|IljO=^2PH|+P|gllBO|. Here 
again a mixture is probably invoived and not a true compound. 

A. Besson 3 reported that he had made phogphonu hemioxide, P2O, (i) by warm- 
ing a mixture of phosplioryl chloride and phosphonjum bromide in a scaled tube at 
W" : F0Cla-HPH4Br==3llCl+UBi4'F20 ; (ii) by heating a cone. solu. of phosphorous 
acid and an excess of phosphorus trichloride in a reflux condensor : Pdlj+HaPOg 
-'31 ICI -1“P20s ; and 2P2p3=p20+^^2^^G ^ (iii) by the action of a current of air 
on a Bobi. of phosphorus in carbon tetrachloride. A. Besson said that the products 
obtained by the didcrent processes are tho same. The yellowish-red hemioxido is 
stable at but it gives off oxygen when heated to 135° in vacuo. It is not 
affected by water at ordinary temp., but when a mixture of the two is heated in a 
sealed tube at 100*^, phosphorous acid is formed: p20-l-02+3n20— 2H3PO3. 
It becomes incandescent in chlorine at ordinary temp . ; chlorine dissolved in carbon 
tetrachloride forms phosphorus tri- or penta-cliloiide ; bromine, phosphoiyl 
biomide ; and iodine, phosphorus diiodide. The hemioxide is probably con- 
taminated with a Uttle phosphorus and solid hydrogen phosphide ; and A. Michaelis 
and M. Fitsch hold that it is the tetritoxide contaminated with some acids of 
phosphorus as well. K. Weiduer supported A. MichaeUs and M. Pitsch's assumption 
that A. Stock and M. Rudolph said that this compound may possibly be form^ by 
the action of acids on a soln. of F4SS in alkali-lye. If these contain the hemioxide, 
there is no relation between it and H8FO2 ; though the anhydride of this acid, 
P2O, is the hemioxide, just as the anhydride of phosphorous acid is P2O2, and of 
phosphoric acid, P2O5. L. J. Chalk and J. B. Partington were unable to prepare 
the hemioxide. The product obtained by following A. Besson s directions is 
somewhat variable in composition and appears to be a mixture of finely divided 
amorphous phosphorus with strongly adsorbed phosphorous add, although, 
especially when prepared at lower temp., solid hydrogen phosphides may be 
present. The amount of oxygen present is Edways much less than is required by 
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the foimula F2O, and hydrogen also is always presenti even after prolonged 
drying over phosphoros pentcxids. 
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§ 14. Hypophospburoiu Add 

In 1816 , F. L. Dulong ^ rrpoited the isolation of tlie salt of {’uciVfc an minimum 
tforygknc, which he proposed to name acide hypophoaphmiux, hypophogphoroilJi 
add, H3r02. It was obtained from the li(|uid produced when the phosphides of 
alkaline earthn are treated with water. In the following year, II. R080 investigated 
a whole flprics of salts of this add. 

P, L. Dulong showed that hypophosphorou.'^ acid or its salts are formed by the 
decomposition of phosphides of the allmline earths by water ; and II. Rose, by 
boiling phosphorus with milk of lime, baryta-water, or an aq. or alcoholic Holn. of 
potassium hydroxide. The following process has been recommended— viefe infra, 
calcium hyiiophosphite : 

Two kgrms. of quickh'me arc slaked with about 5 litres of water, and then oddofl to 
20 litres of water contained in an iron boiler. Then add sbout 0'5 kgrm. of plioHphorus. 
Keep the mixture boiling and add more water from time to time to make up for that lost 
by evaporation. During tliis process there is a continued ovolutinn of Hpontaneously 
inflamed phosphine. When the strong odour of phosphine ceases to bo given oif , the soln. 
is filtered and the residue is washed. Tlio residue is composed of the excess of calcium 
hydroxide and phosphate— about half the phosphorus is converted into phosphate. The 
soln and washings are tlien concentrated, and again filtered to remove a Biuall quantity 
of calcium carbonate wliich has been fonned by the action of tlio air on the lime in soln. 
The concentrated liquid is now evaporated until a pellicle forms, wlmn tho calcium 
hypophospliite crystaUizcs ; or the heat may be continued, the hquid being constantly 
Btiired, until tlie salt is obtamod in a granular form. A soln of the oiUcinm hypophospliite 
is tlien treated with 1’37 times its weight of oxalic acid ; and the clear filtrate evaporated 
as required. 

J. A. KendaU found it advantageona to mix chaiooal with the phoaphoruB 
before adding the latter to the milk of lime or other hydrate used. The charcoal 
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or powered coke ia made into a thin cream with water and mixed by heat and 
agitation with the phoaphoras. When cold, the mixture is added to the milk of 
lime in the usual way. C. A. Wurtz made the hypophosphite by boiling a soln* 
of barium sulphide with phosphorus ; A. Winkler, by the action of phosphine on 
aq. Boln. of the alkali or alkalino earth hydroxides ; A. Cavazzi, by the action of 
phosphine on Hulphuroos acid in the presence of mercury at 60°-70'’ : 
PH3+H2S03-f Hg=Il3?02+H20+Hg8; C. A, Wurtz, by the slow oxidation of 
hydrogen hemiphospbide ; A. Michaelis and co-workors, by heating phosphorus 
tetritoxide in moist air; W. Ipaticll and W. Nikolaieff, by thi;! action of hydrogen, 
at 250 to 300 atm. press., and 300** to 400°, on lead phosphate ; and A. Oppen- 
heim, by heating phosphorus with syrupy phosphoric acid at 200°. 

P. L. Dulong filtered the liquid obtained by the ac^tion of water on barium 
phosphide to remove the barium phosphate ; added dil. sulphuiic acid to preci- 
pitate barium sulphate, and evaporated the filtered soln. of hypophosphorous 
acid at 80" to y0° to a syrupy consistency. J. Thomsen cooled the cone. aq. soln. 
to 0°, and obtained crystals of the acid. A. Geuther, E. Merck, aud C. Marie 
employed a similar process. 0, Lunau obtained a soln. of the acid by treating 
the calcium salt with oxalic acid. H. Rose treated the barium salt with an excess 
of sul|)hurir arid, digested llie filtrate with an excess of lead monoxide, and treated 
the filtered suln. of basic load hypophosphite with hydrogen sulphide ; aud, after 
filtering off the lead sulphide, conecntiated the soln. of phosphoric acid by evapora- 
tion. C, Marin treated the sodium salt with the calculated amount of sulphuric 
acid, extracted the hyftophosphoroua acid by shaking the Lquid with absolute 
alcohol, and evaporated the alcoholic soln. in vacuo. The commercial acid usually 
contiuius calcium salts. A. Michaelis and K. von Arend purified the acid by 
evaporating it on a water- bath, tlien adding absolute alcohol and dry ether ; filter- 
ing the liquid from serlimont ; distilling oS the alcohol and ether ; aud evaporating 
the residue on a water-bath. G. lleikcl purified tlie acid by adding ammonium 
oxalate to the aq. soln. The filtered soln. of ammonium hypophosphite was treated 
with barium carbonate and boiled until the smell of ammonia disappeared. The 
barium salt was then decomposed by the calculated quantity of sulphuric acid as 
indicated above. 

The early workers described hypapho.sphorous acid as a colourle'^s, viscid, non- 
cry stall izablo liquid ; but J. Thomsen was able to induce the crystallizntiun of the 
syrupy liquid by rubbing the walls of the glass containing vessel with a glass rod 
at O'", C. Marie purified the acid by fractional crystallization, .and started the 
crystallizauon by seeding the syrupy liquid with a cry.sta] of tlie acid. C. A. Wurtz 
gave 1*493 for the sp. gr. of the syrup at 18*8°; and A. Gcuthor, 1-49 at 10°. 
A. Michaelis and K. vuu Arend gave l*4(j2r) for the .sp. gr. of the crystals. M. Wion 
measured the relation belw^ccn the viscosity and electrical conductivity of aq. 
soln. of the acid. J. Thomsen said that the crystals gradually melt at ordinary 
temp, in air, but the liquid solidifies again when surrounded by cold water ; ha 
gave 17*4° for the m.p. ; while U. Marie gave 26*5° fur the m.p. of the acid. The 
melted acid ha.s a groat tendency to undercooling. According to P. L. Dulong, 
the acid decomposes when heated giving dH phosphorus vapour ; but U. Kose 
showed that phosphine and phosphoric acid are the products of decomposition : 
4H3r02-2PlIa-|*2H3P04. 0. Mario said that the thermal decomposition occurs 
in two phases: Above 100®— and rapidly between ISO'' and 140°— the reaction 
is symbolized : SHsPOa—PHs+iJlIaPOa ; and above 140°— aud rapidly between 
160° and 170° : dHaPtlj^- rJl3+3H3P04. N. II. Dhar found that the decomposi- 
tion of hypophosphorous aciil into phosphine and phosphoric acid is retarded by 
mild rediiring agents. £. Coinec measured the lowt^ring of the f.p. of soln, of 
hypophosphorous acid when progressively neutralized by sodium hydroxide. The 
resulting simple V~curve is characteristic of monobasic acids. Similar results 
were obtained with aq. ammonia in idace of the soda-lye. J- Thomsen gave for 
the beat Qf formation pf the crystallized acid (3H,P,02}=139'9o0 to 139-970 
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Cals. ; 137‘5fiO to 137-660 Cals, for the fused acid ; and 139‘7()0 to 139*800 Cals, 
for the aq. soln. J. Thomsen's value for the heat of fusion is 2*4 Cals. ; and for the 
heat of soln-i —0-2 to —0*17 Cal, for the crystals, and 2*2 to 2*14 t)als. for the 
fused acid. E. Petersen 0-713 Cal. for the heat of dilution. P. A. Favre 
and J. T. Silhennann gave 48-3 Cals, for the heat n[ oxidation. J. Thomsen found 
the heat of neutralization for nHsP02aq.+NaOHaq. to be ir)'4, ir)-2, and 7-6 
Cals, for 1, and 0-5 respectively; and for H 3 POn+lBa(OH) 2 , 15-46 Cals. 
This is taken to lavniir the assum))tion that the acid is monobasic. J. C. Thomlin- 
son atteiuptt-d to obtain evidence in the cliemical constitution of this acid from the 
thcrmocliemical data. P. A. Favre and J. T. Silbcnnaiin gave for the relative 
thermal eq. of hypophosphorous. phosphorous, and phosphoric acids, respectively, 
1 ; 2-i)l : 4 -.30. 0. Stelling .studied the X-ray spectrum. W. Ostwald found tht- 
mol. electrical conductivity of uq. sola, with a mol of hypopliosphorous acid in 
r litres, at 25“, to be 

f) . 2 4 8 1 0 32 64 128 256 512 1024 

u . Un 172 207 245 281 312 X\:i 352 301 307 

a . O-.300 0-442 0'5.32 0-0:10 0-722 0-802 0-SuI 0-005 04)25 0-0148 

K . 0-1 012 0-0876 0-0757 0-0070 0-0.iS7 0-0508 0-0117 0-0330 0-0234 O-Ol.'il 





The values for a, the degree of ionization, and the ionization constant, i, are derived 
from the mass-law equation A--a-(l “a)r, on the asisiimption that »S. Arrhenius’ 
value, .3H0, represents the mol. conductivity at infinite dilution. A. I). Mitrhell 
found IC to lie more nearly ronstant by writing A a-(l- a)r- 0-11)15— ^ lug y. 
1. 51. KollhoiT found that the ionization cuiu-taiit im'reases from A" -0*01 in a 
f)’0^)l J/-M)ln. to K 0'0f)2 in 0■05J/-solll. at 18'; allowing for the arlivity of the 
ions, K increases fromO'()2n for 0*001 JZ-solii. to 0’05*3 for 0'lJ/-soln. Jlypo- 
phosphoious acid behaves as a .strong monobasic acid, and it can be til ruled 
using methyl orange as indicator. A. 1). Mitchell also measured the ionization of 
hypophosphorou-s acid in the presence of hydrocbioric* acid by the hydrolysis of 
methyl acetate jjro('iJ.s.s, and fouiiil the results to be in accord with the rate tliat in 
a iiiLYfiirc of two eJeetrolytes, each is ionized to the same extent as it would be if 
present alone in a soln. having the same cone, of inns 
AV. O.stw.ald's values for the effeet of temp, on the 
cniidurtivity of A’-HjPDa indicated in I'^ig. 

H. AVegeliius examineil the effect of cone, on the opti- 
mum temp, of the eondiietivity. S. Arrhenius repre- 
.sented the temp, coell. of the mol. conductivity of soln. 
with ?i-grani-cqiiiva!ent per litre, at liy l)-()14S 
lor w-lHlUl; U-OllO for /i --()•() I ; (KKI58 for n - (M ; 
ami 0-1)041 for 7<—U-5. The effect of temp., fl, on 
the comliirtivity, A, can be represented by A 
— Age w o^^^D-fl+U-Ol^ririP), which is a luuxiiniim when 
^0 corresponding with Ag is 25'. Hence the maxiiniim 
occurs at bT", E. Hlaiic measured the neutralization curve with the progressive 
addition of sodium bydroxidi*, and obtained for the ionization constant A\ -0 06. 
S. Arrhenius also calcuhited the heat of ionization to be ~-3-63 Cals. G. lircdig 
gave for the transport number 41*8. P. Pascal mode ubsiTvations on the magnetic 
jiToperlies of the acid. 

Analyses by P. L. Dulong, A. Geuthcr, and H. Rose are in ugroomeiit with the 
empirical formula Hgl^Og. U. A. AVurtz, A. Geulher, and J. Thomsen showed that 
the salts of the acid indicate that hypophosjihoruus acid i.s nionnbasic, and two 
of the three hydrogen atoms arc part of the acid radicle. P. \A^llden also found 
the electrical conductivity of the salt in harmony with the same hypothesis. 
A. L. Ponndorf assumed that the acid contains two hydroxyl groups and one 
hydrogen atom united to tervaleiit phosjdiorus, namely, H,P(OH) 2 . This agrees 
with P. Pa.-.cal s observations on the magnetic prujieitiea of the acid. Following 
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A. Lieben, bovern, it ii gmeiallj assumed that the 
in phosphoric, pho^horons, and hypophoaphonras aci 


^osphoras 


is qainquaralent 
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0 =PfOH 
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/H 

0 =P^ 0 H 

OH 

Phonhonnu add 
(Dibulc). 


O-P^H 

OH 

Sypopliospborous add 
(MonDbuir). 


The last iDimula emphasizes the monobasicity of the hypophosphorous acid, 
and it agrees with 0 . Stelling’s observations on the X-ray spectrum. It is pro- 
bable that one of the hydrogen atoms is labile, corresponding with the desmotropio 
change : 

JI H 

P OH 0=P "h 

OH OH 


because, although dibasio inorganic bypophosphitea are not known, yet the so- 
Gslled fdhil-jiho&jihi'im acids, formed by oxidizing the secondary phosphines with 
fuming nitric acid, are to be regarded as derivatives of hypophosphorous add. 
Dimethyl fhonphinic acidy (CHjjlgPO.OII, resembles paraffin, it melts at 76 ®, and 
volatilizes without decomposition. A corresponding dicfAyJ-dA/itb-pAospAtnm acid, 
is known. The tendency of phosphorus to pass mto the 0 =P= 
form is illustrated by the action of heat on this acid, and on its salts, for phosphoric 
acid and phosphine are produced: 2H8P02=6P(0H)8+Pn3. According to 
A. Gcuther, neither tho anhydride, PoO, nor the chloride, PCI, corresponding with 
hypophosphorous acid is known. L. Lendle, and G. Schick found that the barium 
salts of ])hoapliorous acid or of bypophosphorous acid, prepared at high and low 
temp., reduce silver and mercury suits with very different velocities ; and they 
assumed tliat there are two different forms of bypophosphito or phosphite. They 
associated tho nssuined alteration in the constitution of the hypophosphites with 
the change in the r^onductivity which occurs with variations of temp. — Fig. 30 , 
for the active form is obtained at a low temp., the inactive form at a high temp. 
]{. Gorke, however, showed that the active form is contaminated with acid. 
II. Burgarth, II. llomy, and T. M. Lowry's observations made observations on 
the electronic structure of hypophosphorous acid, vide supra, phosphoric acid. 

While C, A. Wuitz said that bydrogBQ in statu nascendi reduces hypophos- 
phoroUB acid to phosphine, A. L. Fonndorf observed no reduction at all in acidic 
nr alkuline solo. C. li'. liammclsberg found that when exposed to ail, hypo- 
plio^phnrous acid oxidizes to phosphorous acid, and then to phosphoric acid, 
A. Hcnrath and K. Buland observed that hy^jophosphorous acid is oxidized to 
phosphorous acid in the presence of ceric si^phate. E. Rupp and A. Finck 
i-aid that the speed of oxidation of hypophosphorous acid is small in alkaline 
'oln., but increases proportionally with the acidity of the soln. A, Michaelia 
and M. Fitsch obtained phosphorus totritoxide (7.0.) by the action of water 
on this acid. N. Bakh said that when the reaction NaH2F02+H20 
-Nall2F03+H2 is catalyzed by palladium-block, the quantities of various poisons 
required per mol of palladous chloride are : potassium cyanide, 1-75 mols ; mercuric 
chloride, 1 mol ; thiocarbamide, 1-5 mols ; and quinine hydrochloride, over 10 
luuls. Alkaloids generally have a relatively weak action on catalysts. The 
poisoning effect is due partly to chpinical combination between the palladous 
chloride and the poison, yielding a compound which cannot be reduced by sodium 
hypophoBphite, and partly to adsorption on the surface of the palladium-black, 
With colloidal palladium, the effect is one of adsorption, and again a definite number 
of mols of the poison is required to saturate the surface of the palladium particles 
and paralyze thoii action. I. M, Kolthofi, and M. Major studi^ the oxidation of 
hypophosphites by hydrogun dioxide. F. L. Dulong showed that the acid is 
oxidized by o f il ori "** in aq. soln. I. M« Eolthoff, and F. X. Moork oxidized soln. 



TSOmAmO AND THEORETICAL CHEMISTRY 


874 

of the acid for analjtical purposes by chlorine, and teomine. Acoording to E. Rupp 
and A. Finch, the add is slowly oxidized by iodine, forming phosphorous add and 
not phosphoric add in acidic sob.: H3P02+I2+H20=^1I3 PQb+ 2H1 ; and to 
phosphoric acid in the presence of an excess of sodium hydrocarbonate: 
H8P02+^l2+2nzO--HsP04-|-4HI. An analytical process for the determination 
of hypopliosphorous and phosphorous acids in a given mixture has been based on 
these facts. This was studied by I. M. KoIthoS. B. D. Sicele found that the speed 
of oxidation of hypophosphorous acid by iodine in arid soln. is independent of 
the enne. of the ii^ine pnivided there is more than about 0'(X)4N-l2 present — the 
limiting value of this cone, varies with the initial cone, of the acid. The reaction 
is unimolerular with respect to hypophosphorous acid, but it is catalytically 
accelerated by H’-ions. Since H'-ions are prefaced during the course of the reaction, 
in the absence of any large initial cone, of the acid, the reaction undergoes auto* 
catalytic arrrleration. The vrlocity constant h is 0*043 at 18°, and 0*095 at 25° ; 
it varies within narrow limits with the initial cone, of the hypophosiihorous acid 
and the added acid : log I;-^O-11340— 5*1879. The rise in the value of £ is about 
0*031 per 10°. A. 1). Mitchell found that the effect of the cone, of the iodine is slight 
at inodtTQte dilutions, but is relatively large at greater dilutions where the cone, of 
the Is'-ion is ; and the effect of the hydrochloric and hydriodic acids on the ioniza- 
tion of the hypophosphorous acid should be consider^. It is assumed that the 
oxidation of hypophosphorous acid takes place in two stages. The known facts 
are explained by a.«^uming that the non-ionized mols. of hypophosphorous acid are 
in equilibrium with a small proportion of active If5p03-mulecules: 
H3P02+H‘>05s-^ll5r()3, which react rapidly with iodine: H5P03‘hl3'->H3P0a 
+2ir-|-3P ; and the restoration o[ the equilibrium so displaced is accelerated by 
H'-ions, and forms the measurable reaction IlarOa+UzO^HGPOa. The reaction 
was studied by M. Boycrand M. Bauzihand A. BruklandM. Bchr. A. L. l^onndorf 
observed that no reactiou occurs with hydzoGhlOlic add at 100° ; but A. Michaclis 
and M. FiUsch obtained phosphorus tetritoxide (7.11.), or impure red phosphorus, 
by the action of this acid— particularly with alcoholic soln. A. L. Fonndorf said that 
with hydriodic add there is a vigorous reaction : SHsFOz f Hl=21l3F03-f FH4T. 
W. Ostwald found hypophosphorous acid arceleratos the reaction between hydriodic 
and hvpobroiijous arids. D. Vitali represented tlie reaction with potassium 
iodate': KlOa-j-lIaVO.^KlIgFO.+HlQs; and H103-f3KH2P02 -SKHgPOs 
4 HI; ns well as 5Hl-[ HlOa- 3I2 I SHgO; and 3124 3KH2P0343H20=- GUI 
43KH2PO4 ; the chlorates and bromates are not reduced. K. A. Hofzuann found 
that in the presence of a trace of osmium tetrozide, a neutral or slightly acid soln. 
of potassium chlorate oxidizes hypophosphorous acid to pliosphoric acid. 

According to A. L. Ponndorf, and R. Rotlier, solphur diOZlde acts on hypo- 
phosphorous acid, forming sulphur and phosphorous acid ; and L. Maquenne 
said that in aq. soln., there is a momentary formation of hyposulphurous acid 
before the sulphur separates. 0. von Dienes said that sulphur dioxide — gaseous 
or in aq. soln. —can be reduced to hydrogen persulphide by hypophosphorous 
acid. (J. A. Wurtz observed that when warmed in the presence of cone, sulphuric 
add, phosjihnric acid is produced with the separation of sulphur and the evolution 
of some Hulpliur dioxide. A. Gutbicr and E. Aohn found that alkaline soln. of 
sdemousBi^ are reduced to selenium, and in acidic soln., to hydrogen selenide ; 
while soln. of selenic add arc scarcely affected by hypophosphorous acid. A. Gutbier 
found that teUnrium is precipitated from soln. of t^uroufl add, and of tdlurio 
add. II. Rose found that nibric add oxidizes hypophosphorous acid to phosphoric 
acid. A. Geuthei said that soon after the acid has been added and the soln. is 
warm, red fumes are given oil and the hypophosphorous odd r converted into 
phos])horous acid ; and when the soln. is evaporated, more red fumes are evolved 
and the phosphorous acid is converted into phosphoric acid. A. Michaelis and 
M. Pitsch found that a cone. aq. soln. of h3rpopho6phDFou8 acid forms phosphorus 
tetritoxide (7.1;,) when treated with phoqpborw chlpnde ; and, according to 
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k. Oenther, the reaotion u as follows: 3HgFOt+PCl8s=2P(OH)3+2P+3HCl» 
Orthopbosphorio acid is also produced, but this probably arises from the action 
of phosphorus trichloride on phosphorous acid. These results agree with fi.P(0H)2 
for the formula of hjpophosphorous acid. The action of phosphorus oiyc^Olida 
is similar to that of the trichloride, but the reaction is more energetic, and after it 
has ceased, a fresh reaction may be produced by heating the mixture to 100°. The 
two stages may be represented as follow : (i) 6 H 3 P 02 + 3 POCl 5 = 3 HP 03 + 2 P( 0 H)s 
+4P+9HC1; (ii) 2P(OH)8+3POai5,-3HPOa+2rCl3-H3HCl. The former re- 
action is probably the resultant of the following : 6H3P02=^2PH3+4P(0H)3 ; 
followed by 4P(OH)3+3POOl8=^3HPQa+2PCl3-f 3IIC1+2P(0IT)3 ; and by 
2PH8+2PCl8=4P+(5HCl. H^ophosphorous acid thus behaves like a mixture of 
phosphine and phosphorous acid ; and when it is heated to 110°-115°, it is decom- 
posed into these substances ; but when the temp, reaches 2o0° the phosphorous 
acid itself decomposes. The action of phosphoma pentachloride on hypo- 
phosphorous acid is energetic, rod phosphorus being deposited ; but after 
sufficient of the pentachloride has been added, and the mixture has been heated, 
nothing remains but phosphorus oxyrhlorido and phosphorus trichloride. The 
reactions are probably os follow: 31l3P02+6Pri5=BP0(Jl3+PCl3-|-2P+i)Ht!l ; 
followed by t5H3PO2+6PO(l3=r)HPO3+2P0l3+4r-M2IIUl ; cilPOa+U^Prig 
=18P0C!l3+6lI01; and 6P-|-9PCl5=ir)PCl3 ; the resultant reaction being lIjP ()2 
+3PCl5-2rOCl3-f2PCl3+3llCl. A. Michaelis and M. Pitsch said that acetUs 
anhydride withdraws the elements of water from liypophosphorous to furnish 
phosphorus tetrit oxide (f.v.), and acetyl chloride gives ilie same product: 
l)H 3 P 02 +l 2 CH 3 (^Oni=H,P 04 -l- 2 P 40 -j- 120 H 3000 H+ 12 Tl()l, as well as : 
r)IIjP 02 + 6 CH 3 (- 0 ri ■=H 3 P 0 jH-P 40 +r)UH 8 C 0 ()Il+ 6 lICl; ulul there is a side 
reaction, 4 II 3 PO 2 -- H 3 PO 4 1 H 3 P 03 ^ IT 204 'P 2 H 4 . J. Villc studied the notion of 
hypophosphorous arid on various aldehyto ; B. Fosse, on aromatic alcohols* 
aldehydes, and ketones ; and U. Marie, on acetone. J. Mai found that hypopho^- 
phorous acid readily converts the diazo-salts into hydroc^irboua. II. W. Jones 
found that the acirl dissolves strychnine and morphine, liypophosphorous acid 
attacks glass and porcelain more rapidly than phosphoric acid. 

According to F. Loessuer, when a soluble hypophosphite is heated mth 
a cone. soln. of alkali hydroxide* the salt is oxidized : NalloPOo-l-NaOH 
- -Nn«TIP 03 +Il 2 . The reaction is unimolccular, and the velocity is nearly 
doubled by n rise of temp, from 92MOO". Eq. proportious of sodium and potas- 
sium hydroxides liave the same influence. The velocity constant, k, increases with 
increasing cone, of alkali-lyc, but not proportionally ; thus with 
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According to P, L. Dulong, and H. Bose, hypophosphorous acid reacts with 
some metal oxides producing hypophosphites ,* others arc reduced to metals ; others 
to hydrides. Thus, H. Bose represented the rsantion with copper sulphate : 
Ba(H2P02)2+4CiiS04+4H20=2H3P04+BQS04-h31l2S04+lCu; on the other 
hand, C. A. Wurtz, G, F. Rammelsberg, and W. Muthmanu and F. Mawrow said 
that with a soln. of cuprio sulphate, copper hydride is formed \ nr else copper 
accompanied by the evolution of hydrogen if the temp, exceeds the decomposi- 
tion temp, of the hydride. The reaction was studied by M. Major. S. Rama- 
chandran showed that the reduction occurs only when the sola, is distinctly 
acid. According to A. Sieverts, if an excess of the hypophosphite be employed, 
the precipitate, when heated, gives off hydrogen and forms a red spongy mas^t 
of copper; on the other hand, if an excess of the copper salt be present, a 
brownish-yellow precipitate is formed, which, on boiling, furnishes a crystalline 
powder of copper. In all cases, cuprous salts are produced as au intermediate 
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stage in the reduction. In the leaotion between copper sulphate and hypo- 
phosphorons acid, the quantity of hydrogen set free does not depend upon the 
amount of cuprous hydnde formed, but rather on the amoimt of hypophosphorous 
acid present. The eyolution of gas is caused by the copper-sponge resulting from 
the decomposition of the hydride, and the action continues so long as any hypo- 
phosphorous acid remains undecomposed. E. J. Bartlett and W. H. Merrill con- 
sider that the action is due to the formation of a cupric hydride which acts catalyti- 
cally on the hypophosphorous acid, oxidizing it to phosphorous acid and liberating 
hydrogen : H3F02-|-H2O=HsFO^-|-Hz, just as palladium hydride, according to 
R. Engel, oxidizes barium hypophosphite to the phosphite with the evolution of 
hydrogen by a continuous action without appreciably affecting the hydride. If 
a syrupy soln, of hypophosphorous acid be treated with cupric hydride, a mixture 
of phosphine and hydrogen is given off which is not spontaneously inflammable. 
A. Sieverts and F. Loesaner consider that the metal and not the hydride is the 
catalyst, since palladium precipitated by carbon monoxide is virtually free from 
hydrogen, and yet it decomposes hypophosphites. The reaction is discussed in 
connection with copper hydride— 8. 21, 6. J. B. Firth and J. E. Myers showed that 
with an acidic soln. of copper sulphate, sodium hypophosphite produces a substance 
which appears to be a mixture of cuprous oxide, hydride, and phosphate. 
A. D. Mitchell showed that with cupric chloride, the first stage of the reduction 
results in the change of hypophosphorous acid molecules to the active form, pro- 
visionally formulate as H5FO3; this change is catalyzed by hydrogen ions» In 
dil. copper soln. two succeeding reartions have been detected ; (i) an equilibrium 
in which the copper ion and the active h3'popho8phorous acid give a complex ion 
(X*") and hydrogen ions, which therefore repress the reaction: H3PU3-I-2CU'’ 
=rX*'-| 2 H” ; and (ii) a direct reaction between the complex and chloride ions : 
X-H- 2 Cl'=Cu 2 Cl 2 +H 3 P 03 . 

P. L. Dnlong observed that hypophosphorous acid reduces sob. of sUver salts. 
The reaction was studied by M. Major, and G. F. Rammelsberg. A. Sieverts and 
co-workers said that the reaction with silver nitrate may be attended by the evolu- 
tion of hydrogen : 2NQU2P02-|-2AgN(^+^H20^2ir3P04+2NaN03-|-2Ag+3H2 ; 
or hydrogen may not be evolved: NaH2P02+4AgN0i+2H20==H8P04+NaN03 
-fliUNUsH-^^g- There are complications owing to the reduction of anion. 
A sob. of silver phosphate is reduced to the metal by hypophosphorous acid ; 
and even m ammonia^ sob., the precipitate is silver, not silver suboxide ; and 
there is no evidence of the formation of silver hydride reported by E. J. Bartlett 
and W. F. Kice-H;f</c 8 . 22 , 7 . A. D. Mitchell found that m the reduction of silver 
nitrate, the reaction, 2^NQg-|-H3F02+H20=2Ag+2HN03-|-H3P03, is also 
attended by 4AgN^-|-H3P02+2n20=4Ag-|-4HN03+H3P04. He found that 
hypophosphorous acid reduces silver nitrate at the same rate as, ceteris paribus, 
it reduces iodine, mercuric chloride, or cupric chloride. This rate is mdependent 
of the cone, of the substance undergoing reduction, provided it exceeds a definite 
value, which is Nj'iO in the case of silver nitrate, and is ascribed to a change m- 
volvmg the formation of an active form of the acid. P. L. Dulong observed that 
sob. of gold salts are reduced by hypophosphorous acid ; and, added A. Sieverts, 
the precipitate slowly oxidizes a boiling sob. of the acid, and hydrogen is evolved. 
The reaction was also studied by M, Major. H. Bose found that sob. of mercuiic 
cbloride are reduced to mercurous chloride and to mercury. The reaction was 
studied by A. Sieverts. The oxidation of hypophosphorous to phosphorous acid 
proceeds relatively quickly, H3p0|-|-2HgCl2+H20=H8PQ|i-|-Hg2Cll2+2HGl ; and 
that of phosphorous to phosphoric acid relatively slowly, ll 3 P 02 + 4 HgCl 2 + 2 H 20 
^H3P04-|-2Hg2Cl2+4HCl. In the first stage of the oxidation, A. D. Mitchell 
olserved that the concentration of mercurio chloride appeared to have no influence 
on the reaction velocity except when very dil. The reaction was accelerated by 
the addition of hydrochloric acid. It was therefore anto-catalytic, owing to the 
hydrochloric acid produced The initial velocity was approximately proportional 
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to the product ol the concentrations of the hydrogen ions and the hypophosphorous 
acid. It wu therefore concluded that the oxidation to phosphorous acid involved 
two successive reactions : the first, of measurable velocity, in which the mercuric 
chloride took no port, and the second, of relatively great velocity, in which the 
mercuric chloride played a part. As in the case of iodme (vide supra), it was found 
that the measurable velocity of the reaction between hypophosphorous acid and 
mercuric chloride, if the soln. are not too dil., is independent of the cone, of the 
latter, os in the analogoas reaction with iodine, and is due to the le-establishment of 
equilibrium between iiypophospborous acid molecules and the hypothetical '' active ” 
form, HpPPg. This change is catalyzed by hydrogen ions, and the reaction is there- 
fore autocatalytic. This is followed by a rapid reaction which can only be detected 
at low concentrations. The evidence is strong, but not quite conclusive that this 
reaction takes place between one mol of mercuric chloride (and not of its ions or 
])ossible complexes) and two mols of active " hypophosphorous acid. R. Engel 
found that tho precipitation of metal from stannous salts, and lead salts by hypo- 
phospborous acid and palladium interferes with the catalytic activity of the ptilla- 
(liiim ; but the mixture rom])lctely decomposes antimciny Salts at ordinary temp. ; 
and likewise also bismuth salts. W. Muthniann and F. Mawiow showed that soln. 
of bismuth salts give a precipitate of bismuth. Arsenic salts give a brown coloration 
with hypophosphorous acid, and on that account, E. Deussen, and E. Kupp and 
E. Muschiol recommended calcium hypophosphitn as a precipitant for arsenic in 
detecting that element in sob, of arsenic salts. I. M. KolihoS, and M. Majoi 
studied the oxidation of hypophosphitos by soln. of potassium dichromate. 
A. D. Mitchell iiulicHled that the reartiou with chromic acid is probably the resultant 
of a slow, unimoleeular reaction: H3PC)2-l“Cr207"=H8P()8+Cr20fl", and the fast 
reaction: 2H3p0o+Cr205"-f8H'i-2H3P0i,+-Cr'"’+lH20, vide supra. The 
velocity constants vary mvcrscly as the Tth power of the mitial cone, of 
the chromic acid. According to A. Winkler, hypophosphorous acid and hypo- 
phosphites give a blue coloration or a blue preeipitale with ammonium 
molybdate ; but E. J. Millard could not obtain other than a faint coloration, 
if at all, with acidic, neutral, or alkaline sob. of the molybdates. He found 
tliat the addition of a small quantity of sulphurous acid renders the tebt a 
most delicate one, and one which the ordinary nitric acid sob. of ammonium 
molybdate answers well. Pliosphates, pyrophosphates, and phosphites do not 
give the reaction when similarly treated. In pure sob. it is possible to 
detect 1 part of hypophosphorous acid m 2000 . 0 . Ebaugh and E. F. Smith 
observed that the molybdic acid is reduced to tho pentoxide, M02O3 ; and that 
the method is untrustworthy for quantitative analysis. 0 . W. Uibbs prepared 
complex hypophosphatomolybdates — vide infra, F. X. Moerk obtained colour 
reactions with sodium tonj^tate and hypophosphorous acid in tho presence of 
sodium sulphite. 0 . W. Gibbs prepared complex hypophosphatotungstates. 

L. P. de St. Gilles, and 1 . M. Koltholl, found that pota^um permanganate 
oxidizes hypophnsphorous acid completely to phosphoric acid. L. Amat 
found that the oxidation proceeds more quiddy the more cone, the sob., the 
more acidic the sob., and tho higher the temp. ; at ordinary temp., and in dil. 
sob., the oxidation is incomplete. If the sob. be too hot, some permanga- 
nate may be decomposed without bteraction with the hypophosphorous add. 
The reaction was studied by I. M. KolthoS. M. Major, and A. Sieverts 
found that reduced lion readily dissolves in a hot sob. of sodium hypophosphite ; 
teflic salts are reduced to the ferrous state ; and ferric alum reacts at the temp, 
of the water-bath, while phosphoious add is not attacked after several hours. 

M. Major studied the reduction of iron alum by hypophosphitea. A. D. Mitchell 
found that a considorable error is caused by the presence of hypophosphorous acid 
when ferrous salts are titrated by potassium dichromate. This is tentatively 
ascribed to the ferrous salt acting as '*mductor” b the oxidation of hypo- 
phosphorous acid by chromio acid, probably in virtue of the transient formation 
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of the quinquevalent uhromium compoundj which has been {ound by other workers 
also to be exceedingly reactive. He also found that finely-divided nickel and 
cobalt behave like j^jladium (vide infra) in oxidising Boln. of the hypophosphiteSj 
with the evolution of hydrogen. Boln. of cobalt Sfllts and of nickd salts are not 
reduced by hypophosphorous acid, but the metals reduced by hydrogen oxidize 
cold soln. of sodium hypophosphite to phosphite. Boln. of plaOnnm salts are not 
reduced by hypophosphites, even when boiling. A. Atterberg, and F. Loessner 
showed that the gradual darkening of the soln. of platinic chloride is due to the 
formation of platinous chloride. F. Loessner, and M. Major showed that the 
oxidation of the hypophosphite which occurs in the presence of finely-divided 
platmum is due to the occluded oxygen. C. A. Wurtz, F. Loessner, and A. Sieverts 
found soln. of palladiam salts are reduced by hypophosphorous acid in the cold, 
and, according to the former, some hydrogen is given ofi ; F. Loessner represented 
the reaction; 2rdS04-(“H3P02+2H20=2PdH-HaF04+2H2S04. R. Engel said 
that pulludium precipitated from a soln. of the chloride by means of hypophos- 
phorous acid letams a small quantity of hydrogen. The quantity of hydrogen 
evolved is much greater than the quantity which could be liberated from a palla- 
dium hydride. When spongy paPadinm is brought in contact with hypophos- 
phoToiis arid, the latter is rapidly converted into phosphorous acid, and hydrogen 
is hborated. The palladium seems to retain its activity indefinitely, and 0*5 grm. 
of the motul decomposed the arid obtained from 500 grms. of barium hypophosphite. 
The reaction is not arrested by press. It is probable that the palladium removes 
an atom of hydrogen from the hypophosphorous acid, but quickly loses it, whilst 
the residue of the acid internrts with the water, combining with hydroxyl, and 
liberating another atom of hydrogen. The rcartion was studied by F. Loessner, 
and M. Major — ^thc latter represents the reaction ll3P()2-f ll20--Il2-|'H3rC^, 
Water is necessary for the reaction ; alcohol will not do. The piesenre of sodium 
hydrocaihonate favours the reaction, while alkali or sulphuric acid retards the 
reaction. According to A. Sieverts, even a cold soln. of sodium hypophosphite 
is oxidized by preeijiitated palladium to phosphite, and even further on boiling. 
Alcoholic sodium hypophosphite docs not react with palladium. 
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§ 15. The ^FPophosphites 

The hypophoRphitpa are obtained by dissolving the bnsp.s in an nq. soln of 
tbe acid ; by boiling phosphorus with alcoholic potash ; or by boiling pliosphoruB 
with the hydroxides of the alkalies or alkaline earths in aq. soln. Many of the 
hypophosphites are obtained by treating the barium salt with the sulphates nf the 
oilier metals, or the calcium salt with the carbonates. The solid salts are usually 
stable in air. When heated, the salts of sodium, thallium, lithium, magnesium, 
zinc, cadmium, calcium, strontium, barium, manganese, and load give oil hydrogen 
and phosphine, and leave pyro- or meta-phosphates behind; the cobalt and 
nickel salts form the metaphosphate and phosphide ; and the uranium salt gives a 
mixture of meta- and pyro-phosphates and phosphide. The hypophosphites are 
nearly all fairly soluble in W'ater, and the alkali salts are also soluble in alcohol. 
If the aq. soln. are boiled out of contact of air, they suffer no change, but in air, 
they are oxidized to phosphites and phosphates ; when heated witli alkalies, they 
form phosphites and phosphates with the evolution of hydrogen. According to 
C. F. fiammelsberg,^ the hypophosphites are all decomposed by heat furnisUng 
pyrophosphate and metaphosphate in the molar proportion 1 ; 1 with the sodium 
and thallium salts ; 2:1 with the magnesium, zinc, and manganese salts ; 3 ; 1 
with calcium, strontium, cadmium, and cerium salts ; 4:1 with the lead salt ; 
and 6 : 1 with the barium salt. The nickel and cobalt salts yield motaphoaphate 
and phosphide ; and the uianyl salt, pyrophosphate, metaphosphate, and phosphide, 
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H. Bobo stadiod mainly the gaseoua products and his work on the solid product 
was incomplete. C. F, Rammelsberg found that the gaseous products of the 
decomposition of hypophosphitea being always a mixture of hydrogen aud phos- 
phine, the inflammability of the gas is or no importance, aud seems to vary according 
to circumstances. The separation of phosphorus is due to the process itself, and 
does not depend on the decomposition of pho*3phinc, for very often phosphorus 
appears at the beginning of the process, when temp, is not sufficient for the 
decomposition of phosplune. 

According to G. Folk,^ P. Schulz, and Al. Paquelin and L. Joly, there is no 
evidence that the hypophosphites exert the slightest toxic effect. They pass 
through the system unchanged. According to T. Panzer, experiments with dogs 
showed that calcium Lypophosphite is rapidly eliminated from the system and 
passes unaltered into the urine. The presence of hypopho'^phite may be generally 
detected after half an hour, and no more can bo found after 24 lira. The otlier 
organs, blood, and fseces arc practically free from h>7)ophosphitB. In human beings 
the elimination seeitis to take a little longer. In ease of a supposed poisoning by 
phosphorus, inquiries should lie made as to whether the ])erson has taken any 
hy[)ophosphite shortly before death ; should this be proved, the presence of phos- 
phorous acid in the nriiic or intestinal cannl counts for nothing. As previously 
indicated, the hypophosphites have been tried as explosives but without any 
particularly useful results. The forn hypophos'phis^ sodii and mlcii 

hjpophosplm of the phannacopccia are respectively iron, soflium, and calcium 
hypophosphites. 

P, L. Dulong 3 G. F. Rammelsberg, and C. A. Wuitz prepared ammonium 
hypophosphitej (NH|]Tl2PU2. It is obtained by treating barium hypophosphitc 
with ammonium sulphate, evaporating the filtrate to dryness, and crystallizing 
the product from its soln. in hot water or alcohol. A. Michaelis and K. von Arend 
treated the acid or the calcium or barium salt with ammomum carbonate in execbs, 
and evaporated the filtrate as before. The salt was analyzed by C. A. Wnrlz, and 
A. Michaelis and K. von Arend. I'. F. Rammelsberg measured the crystal uugles, 
and J. Beckenkamp gave for the axial ratios of the rhombic bipyrainidal crystals 
a ; 6 : f=0'ri37G : 1 : 1*5137 ; and C. F. liainmcLsberg, U-33H : 1 : 0-60r), The 
large, tabular crystals were found by C. A. Wurtz to melt at about without 
loss of water, but at 240"', water and spontaneously inflaininable phoqihinc arc 
given off, and, according to H. Ifosc, ammonia is also evolved. C. F. Kamiiielsberg 
represented the reaction: 7(NIl4)HjiP02— Il4P207+2HP03-l-ll20“}-7Nll3 hilPHg 
H-2H2. The eryslals are less deliquescent than those of tlie pota.<)sium salt. 
IT. titamm fuund that the cone. aq. soln. is not changed by the iiitroductuin of 
ammonia. P. L. Dulong found that salt to be freely soluble in alcohol. A. Michaelis 
and £. von Arend obtained phosphorus teiritoxide by treating the salt with acetic 
anhydride. 

According to A. P. Sabaneeff, hydioxylamine hypophosphite, (Nll301I)Il2rG2> 
is formed when the barium salt i.s treated with hydroxylaininc hydrosuljihiite only lu 
an atm. of carbon dioxide because the aq. soln. of the salt is so easily oxidized 011 
exposure to air ; the filtered soln. is evaporated for crystallization without raising 
the temp. K. A. Hofmann and V. Kohlschutter mixed potassium hypophosphite 
and hydroxylamine chloride so as to keep the soln. acidic ; the product was extracted 
ivith hot absolute alcoliol, and precipitated from that soln. with ether. The acicular 
crystals are very hygroscopic ; and they can bo preserved in suitable veswda 
without change, A. V, SabanceiT found that when the salt is heated, it begins to 
decompose at about 60^, and fusion occurs at about 92°, forming a transparent 
mass which detouules at a still higher temp. The salt is freely soluble in water ; 
and the aq. soln, exhibits the reactions of both hydroxylamine and hypo])hosphorou^ 
acid ; it reduces cold, alkaline soln. of copper salts, and gives no precipitate with 
barium chloride. The salt is isomeric with ammonium phosphite. 

C. F. Rammelsberg prepared lithinm bypQphoqphitei LiH2P02.H20, by double 
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decomposition with soln. of the barium salt and of lithium sulphate. The soln. 
yields small, colouiloss, transparent, prismatic crystals belonging to the monocliuic 
system, and with the axial ratios : a:h: c=0-623 : 1 : M)j 2, and 52'. 

The salt is anhydrous after drying at 200^ ; if confined over cone, sulphurio acid, 
it loses one-third of its water of crystallization ; and when heated, it decomposes ; 
9Lin*r02=2Li4P207+LiP0s,+4PH8+2H2+^^ The sdt is freely soluble 
in water ; and when heated with nitric acid, and evaporated, lithium metaphosphate 
is formed. P. L. Dulong, and H. Rose prepared BOdium bnH>Phiispllite, 
NaH2F02.n20. It can be obtained by double decomposition with the calcium 
salt and sodium carbonate, and evaporating the alcoholic soln. in yacuo. 
0. F. RammelBberg prepared it by double decomposition with the barium salt and 
sodium carbonate, or by treating the acid with sodium carbonate. The aq. soln. 
ran be evaporated to dr}mesa over cone, sulphuric acid. W. Engelhardt described 
the preparation of the salt. L. C. Marquart, and H. Trommsdoril noted explosions 
may occur when the soln. is evaporated on the water-bath, or sand-bath. 

The commercial salt can be purified by converting it into the barium salt, which 
is then treated with sodium sulphate. The filtrate is then treated with alcohol 
and ether to precipitate any calcium hypophosphite which may be present. The 
filtrate was then evaporated for the sodium salt. J. Beckenkamp found that 
the monorlinic pribins of the hydrated salt have the axial ratios a ; b : c 
O'SIOD : 1 : 2-2320, and j3=123'* 16'. The salt was found by C. F. Kammelsbcrg 
to lose about half its water of crystallization, over couc. sulphuric acid ; and at 
it is almost anhydrous, 'f(^en heated to a higher temp. H. Rose noted 
that spontaneously infiaminable phosphine b emitted; and C. F. Rammelsberg 
represented the reaction : &NaH2P02— Na4P2074-NaPC)a+2PH3+2H2. The 

salt b deb'quescent in air, and, added H. Rose, rather less so than the potassium 
salt. J. Thomsen measured the heat of formation from base and acid 
8. Arrliciiius found the heat of ionization to be —196 cab. at So**, P. L. Didoug 
found the salt to be freely soluble in water, and in alcohol ; and when evaporated 
with nitric acid, C. F. Uaminebbcrg obtained sodium metaphosphate. According 
to A. Oavazzi, mixtures of hypophosphites and nitrates are powerful explosives : 
Nall2p02+2NaR03=Na3P04+H20-i-N02+N0 ; aud A. Berg and L. Oari- 
Uaiilrand obtained explosives from mixtures of hypophosphites and chlorates. 
A mixture of er^ual parts of barium hypophosphite and potassium chlorate, pre- 
viously dried at 100^ burns in tlie open air with great rapidity, producing a feeble 
report ; but when at oil confined, as, for instance, in a screw of paper, a sharp 
detonation results. An electric spark readily hies the mixture ; and it b, moreovor, 
very sensitive to sliocks and friction, so that great care must be observed in its 
preparation. A mixture of the explosive with magnesium powder burns very 
rapidly and with dazzling brilliancy ; and os no special contrivance b needed for 
its combustion, it might be employed os a flashlight for photographio purposes. 
As the powder b so readily firi^ by an electric spark, it might advantageously 
replace mercuric fulminate. It b much chca])er than the latter, and its two com- 
ponents, which need be mixed only when required, are perfectly harmless when 
separate. A mixture of syrupy sodium hypophosphite and powdered sodium 
chloiate in some respeots resembles nitroglyccrol. A drop when heated on metal 
foil liquefies, boib, and finally, when quite dry, explodes with great violence, generally 
perforating or deeply indenting the foil. Triab with other hypophosphites did 
not yield good results. A. Gutmann observed no reaction between sodium hypu- 
phoaphite and a cold or bniling soln. of sodium thiosulphate — ^this appears strange 
in view of the reducing action of the hypophosphite in acidic soln. Aq. soln. of 
sodium hypophosphite are oxidized under the influence of spongy palladium or 
palladium black, but not by the wire or foil. The reaction with the greater velocity 
b symbolized; NaH2P02+H20=:NaH2P08-{-H29 so that hydrogen b evolved 
during the oxidation. The oxidation to phosphate, NaIl2P03+^0=^NBH2P04 
+112, proceeds by a slower leactiun. N. Bakh rtudied the pobouing of the catalyst 
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—palladium— in the reaction, NaH2P02+Il20=NaH2P0i+H2, where the pro- 
gress of tlie reaction is measured by the vol. of hydrogen evolved, and the 
cessation of the evolution of hydrogen shows that complete poisoning has occurred. 
Each mol of palladous chloride requires 1-75 mols of potassium cyanide, 1 *5 mols 
of thiourea, one mol of mercuric chloride, or over 10 mols of quinine hydrochloride. 
The poisoning is duo partly to the formation of a compound of palladous chloride 
with the poison which cannot be reduced by the hypophosphite, and partly to the* 
adsorption of the poison by paUadium black which cannot th«>n act as a catalyst. 
With colloidal palladium, the poisoning effect is due to the binding of the mols of 
the poison on the surface of palladium particles, H. Stamm found that the 
sat aq. soln. gives a precipitate when ammonia is addnd. 

P. L. Dulong prepared potassium hypophosphitei KU2PO2, in 181G, but T. von 
Grotthus, and L. Sementiiii obtained it from the soln. obtained by boiling alcoholic 
potash-lye with phosphorus, but tlioy mistook the product for a phosphide. H. Rose 
made it by double decomposition with the calcium salt and potassium carbonate, 
and C. A. Wurts, with the barium salt and potassium sulphate, In both cases 
the filtrate was evaporated to dryness, the product extracted with alcohol, and 
the alcoholic soln. evaporated in vacuo. II. Rose extracted it from the soln. 
obtained by boiling pliosphorus with potash-lye. The liquid was left to evaporate 
slowly in air so that the potassium hydroxide may be converted into carbonate. 
The residue was leached with alcohol, and the alcoholic soln. cvaporate<l in vacuo. 
The liquid obtained by boiling phoa|)horus with alculiolic potash-lyc ran be used ; 
this is decanted, and, if necessary, it is mixed with alcohol to redissolvc the salt, 
which may have crystallized out. Powdered potassium hydrocarbonate is added 
to convert the hydroxide into carbonate. The soln. is then treated as before. 
P. L. Dulong found the salt to be more deliquescent than calcium chloride. 
C. A. Wurtz said that the crystals are hexagonal plates which do not lose weight 
at lUO^, but when heated in a closed vessil give off spontaneously inflammablr 
phosphine, and leave potassium pyrophosphate. C. F. Kaiiimelsbcrg repre^p]lted 
the reaction : r)Kll2p0os=K4p202+EP0s-|-2PIl3+2ll2. L. Kementini said that 
when the salt is heated, it burns in air with a yellow flame ; and detonates vigorously 
when evaporated with nitric acid. II. Rose found that w hen boiled with potash lye, 
hydrogen is given off and potassium phosphite is formed, and in cone, soln., potas- 
sium ]ihosphate. C. A. A^urtz found the s«alt to be freely soluble in aq. alcoliol, 
less soluble in absolute alcohol, and insoluble in ether. Y. Rayerlc found that the 
polanzation curve of a soln. of potassium hypophosphite indicates that the soln. 
is decomposed at the same temp, as that at which potassium ions are deposited ; 
this is taken to show that phosphorus ions are not split off. According to 
K. A. Hofmann and V. KohRchuttcr, potassium hydroxylamiiie hypophosphite, 
Kn(NH20TI)3(If2r02)2y is obtained by neutralizing phosphorous acid with ammonia, 
then adding four limes the quantity of ammonia and two m(d. parts of hydroxyl- 
amine hydrochloride to one part of the acid ; after reiiiainiiig one hour, the soln. 
is precipitated with alcohol and the product recr}^st.'illized from absolute alcohol. 
It is also obtained by heating normal ammonium phosphite with a snln. of hydroxyl- 
uminc hydrorhloiide in absolute ethyl alcohol and dissolving out the excess of 
hydroxylamiiie hydrochloride from the product by warming it with methyl alcohol. 
It crystallizes in slender, white needles, and at once reduces Fehlhig’s soln. and 
ammoniacal silver nitrate. 

According to H. Rose, the blue soln. of cupric hydroxide in cold hypophosphorou.s 
acid may remain unaltered for a long time ; and if very dil., it may even be heated 
without decomposition. If the soln. be evaporated in vacuo at a low temp., the 
copper is completely reduced as soon os the liquid is highly concentrated 
0. A. Wurtz found that the soln. obtained by double decomposition of barium 
hypophosphite and copper sulphate at about GO'" precipitates copper hydride-— 
wde supra. Once blue crystals of oopper hypopho^te, Cu(H2F02)2i^ were 
obtained ; they decomposed abruptly at According to R. Engel, this salt 
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may l)e Ql>tained by mixing sob. of barium hypophosphite and cuprio sulphate, 
Kud adding alcohol to the clear liquor. It forms a brilliant, white precipitate of the 
composition Ca(H2P02)2, and is somewhat stable both in the solid state and m 
sob. The solid explodes suddenly at about 90° ; a dil. sob. can be boiled without 
decomposing. Precipitated palladium decomposes cupric hypophosphite sob. 
in accordance with the followmg equation: Cu(H2p02)2+2H20— Cu-|-2H2FOa 
-f H2, and copper hydride is not formed. If, however, an aq. sob. of the salt is 
boiled, brown cuprous hydride is first procipiated and rapidly splits up bto hydrogen 
and copper. In the first phase of the reaction, hypophosphorous acid is formed, 
but is slowly oxidized by the copper at about 100°, whereas with palladium this 
oxidation t^es place at the ordinary temp. G. T. Morgan and F. H. Burstall 
prepared copper bisefhylenediammoh^phospbt^ [Cu(en)2](H2P02)2, by adding 
a sob. of barium hjrpophospliitc to one of copper bulphate and ethylenediamine, 
and crystallizing the filtrate. The hygroscopic product decomposes rapidly at 
115°. A. Gutbier found that dil. hypophosphorous acid gives a white precipitate 
of silver hypophosphite when added to sob. of silver nitrate ; if warmed, the salt 
dccoin]:K)ses rapidly with the separation of silver. No gold hypophosphite has been 
made — vide snjjrti for the action of hypophosphorous acid on the salts of copper, 
silver, and gold. 

11. Rose prepared caldum hjFpQlhosphite, Ca(H2p02)2, by boiling phosphorus 
with milk of lime, replacing the water which evaporates from time to lime. When 
the smell of phosphine is no longer perceptible, the filtrate is freed from an excess 
of lime by the passage of carbon dioxide, and gently warming the mixture to 
decouipr^ae any hydrocarbonate ; the filtered sob. is evaporated either in vacuo 
over cone, sulphuric acid, or in air at a gentle heat— in the latter case, some calcium 
phosphate is fornied<-in& nupra, hypophosphorous acid. C. A. Wurtz, G. Janssen, 
W. Engclhardt, and L. Rcriandt employed a similar process. J. Bachinann decom- 
posed calcium phosphide by boilmg water, and after digesting the mixture for some 
time extracted the hypophosphite as m H. Hose’s process. J. F. Martenson 
employed a similar process. Analyses of the salt were made by H. Hose, 
0. A. Wurtz, J. Bachmann, and C. P. Kammebberg. The salt is anhydrous. 
11. Hose said that the crystab are colourless, rectangular prisms with terminal 
faces obliquely bclined to the two broad bteral faces ; C. F. Hammebberg gave for 
the axial ratios of the monoclinic prisms a:b: c=0*8693 : 1 : 1*200, and 12' ; 
and J. Schabus, 1-19()3 : 1 : 1-3Bj1, and j3~101° 48'. The crystals became tabular 
by the extension of the (OOl)-face ; twiuniiig occurs about the (UOl)-face ; and the 
cleavage on the (OOl)-faco b perfect. The plates are transparent and flexible, 
and undergo no change on exposure to air. Accordmg to J. Bachmann, the crystab 
have a nauseous, bitter taste. C. A. Wurtz found that the crystab do not lose any 
water at 100°, but, accordmg to H. Hose, the crystab decrepitate when heated to 
redness in a retort, and give ofi first water, then spoutaneoi^y inflammable phos- 
jihine ; 0. F. Kammebberg represented the reaction : 7Ca(U2P02)2=3Ga2P207 
+0a(PO3)2+6PIl3H-4H2+H2O- A. Michaelis gave a similar equation. Whonheated 
with nitric acid, the crystab form calcium motaphosphato ; and J. Bachmann found 
that the salt inflames when a small quantity of fuming nitric acid b poured on it ; 
it detonates when admixed with potassium chlorate and quartz; and instantly 
reduces silver nitrate. 11. Hose said that with boiling potash-lye it forms phosphite, 
but no phosphate ; and that the salt b insoluble in cone, alcohol, and sparingly 
soluble in dil. alcohol. C. A. Wurtz, and H. Rose found that lUO parts of water 
dis.solve lG-7 parts of salt at ordinary temp., and not much more in hot water. 
G. Janssen said that a soln. of calcium hypophosphite forms carbonate and phos- 
phate when exposed to air ; that sulphur, selenium, and tellurium abo decompose 
it into phosphite, then into phosphate, with formation of calcium sulphide, selenide, 
or telluride respectively. Boron, silicon, and carbon decompose it by heat ; calcium 
borate, silicate, or carbonate b formed, and phosphorus evolved as vapour. 
Hydrogen decomposes it into phosphate and phosphine. Hydrochloric, hydriodic^ 
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hydrobromic, and hydrofluoric acida decompose it into phosphate, phosphine, and a 
haloid salt. Nitric acid converts it into phosphate, nitrogen peroxide being evolved. 
The aUcaline bases decompose it into phosphate and phosphide, The alkaline 
carbonates when boiling, and the alkaline sulphates in the cold, transform it into 
an alkaline hypophosphite and calcium carbonate or sulphate. It precipitates 
metallic gold from its soln, In a soln. of silver nitrate it produces a white preci- 
pitate, which rapidly turns brown ; if the hypophosphite he added in excess in the 
cold, it reduces the silver to the metallic state after some time ; by the aid of heat 
the reduction is more rapid. In a dil. soln. of mercuric chloride, it produces a 
crystalline precipitate of mercurous chloride. If added in excess it reduces the 
mercury to the metallic state. From a soln. of copper sulphate it precipitates the 
oxide, which a continued ebullition rednees to the metallic state. 

P. L. Dulong made strontium hypophosphitei Bt(H 2P02)2) by adding the phos- 
phide to water, and evaporating the filtered liquid to 1 he crystallizing point. H, Rose 
boiled phosphorus with strontia- water until no more phosphine was evolved ; 
the Boln, was filtered from the phosphate produced at the same time, evaporated 
over sulphuric acid in vacuo ; and the residue dissolved in hot water and cooled 
for crystallization. C. A. Wurtz cniploved a similar process. Instead of strontia- 
water, a soln. of strontium sulphide, which generally contains more 5ul])hur than 
coriesponds with the monosnlphide, can be used; it acts in the cold. The plius- 
phorus ab.soTbs the excess of sulphur, forming a compound which is broken down 
by water into hydrogen sulphide and hypophosphorous neid. If heat be applied, 
there is evolved a mixture of spontaneously inflammable phosphine, hydrogen, 
and, maybe, a little hydrogen sulphide. The soln. contains strontium hypophos- 
phite, and strontium hydro^ulpliule which h not decomposed by the phosphorus. 
The hydroBiilplude is decomposed either by lead carbonate or dil. sulphuric acid. 
The filtered liquid is then cvii])orated for the strontium salt as before. 
C. F. Rammekberg made the salt by dissolving strontium carbonate in hypophos- 
pborouB acid, and evaporating the liquor at ordinary temp. According to 
C. A. Wurtz, the salt appears in ma.sses of taliular crystals and plates which do not 
lose weight at lt)0° ; C. F. llaminelsbcrg .said the salt is monohydrated, nnd beconics 
anhydrous at 2(K)°. II. Rose found that when heated to a higher temp, it gives 
oil spontaneously inflnnimable phosphine, and C. F. Kanimclsberg, and A. Michaclis 
represent the re4Lction liy an equation similar to that employed for the calcium salt. 

F. L. Dulong said that the salt is freely soluble in water ; and C. A. Wurtz, 

soluble in alcohol. P. L. Dulong, H. Rose, C. F. Rammelsberg, and C. A. Wurtz 
prepared barium hypophosphite, Rn(]|uF 0 o )2 H 20 , by processes similar to those 
which they employed for the strontium salt. 11. Rose obtained crystals of the 
moDohydrate by cooling the hot aq. soln. ; and (\ A. Wurtz, by adding alcohol 
to the aq. soln. The crystals are white or colourless needles or prisms with a 
pearly lustre. They belong to the monoclinic system, and, according to U. F. liam- 
melsberg, have the axial ratios a : b : : 1 : 1*200, and lo^ H. Topsbe 

gave 2-0017 : 1 : l-ri760, and ^=99° 33'. Twinning about the (lOl)-face frequently 
occurs. According to H. 6. F. Schroder, the sp. gr. is 2-839-2*911 ; and, according 
to F. W. Clarke, 2-8718 at 10” ; 2*8971 at 17” ; 2*780 at 21*6” ; and 2*775 at 23-3". 
P. Walden gave for the eq. electrical conductivity, A, for soln. with a gram-equivalent 
in V litres ; 

V . 32 64 128 266 612 1024 « 

A . 78-7 84-1 88-2 91‘8 D4-6 97-8 106-3 

G. Bredig made observations on this subject. The dry salt, said C. A. Wurtz, is 
stable in air ; and no loss in weight over cone, sulphuric acid was observed by 
0. F. Rammelsberg. C. A. Wurtz said the salt becomes anhydrous at 100” ; and 
C. F. Rammelsberg, at 100M50”. H. Rose said that when the salt is heated, water 
is first evolved, and then spontaneously inflammable phosphine. The residue has 
a reddish colour, presumably owing to the formation of a little red phosphorus, 
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C. F. Rammelflbeig repmented the leaotion : 13Ba(H9P02)a»6Ba2Pe07+Ba(P0^)t 
-f-12FHa+4H2H~lH20. J. Thomseii gave 0*29 Cd. for the heat of soln. of a mol 
of the moiLohydrate in 800 mols of water ; and for the heat of neutralization of 
the acid with Ba(On)2aq., 30*92 Cals. 0. A. WurL said that 100 parts of water 
at ordinary temp, dissolve 28*5 parts of salt ; and 100 parts of boiling water^ 
33*3 parts of salt ; it is insoluble in alcohol ; and when heated with potash-lye, 
barium phosphite is precipitated— the reaction is symbolized : Ba(H2PO2)2+2E0H 
— BaHP03-|-K2HP03+2fl2. By heating the crystals of the salt with nitrio acid, 
C. F. Rammelsberg obtained barium metsphosphate. 

H. Uuso evaporated in vacuo a solo, of beryllium hydroxide in phosphoric aoid, 
and obtained a sticky substance, presumably bOTllium hypophosphite, Be(H2P02)zi 
which dried to a hard mass with a conchoidal fracture. B. Bleyei and B. MiiUer 
mixed a mol. of beryllium sulphate and barium h3rpophosphite in aq. soln. ; 
evaporated the filtrate over cone, sulphuric acirl and obtained a glassy residue with 
the eompoaition just indicated. H. Ross obtained magnesiiim hypophospbitea 
Mg(ll2PU2)2-8ll20, by boiling the calcium salt with magneKium oxalate and water ; 
and C. A. Wurtz, by the double decomposition of the barium salt and magnesium 
sulphate. H. Bose, and U. F. Uammclsberg wrongly described the crystals as 
octahedrons with the faces of a culie. J. Bcckimkamp showed that the crystals 
are totingunal bipyramids, ^ith the axial ratio a : c==l : 0-9878. The birefringence 
is feeble and pusitive. K. W. Clarke gave lor the sp. gr. 1-5B86 at 12-5°, and 1-56B1 
at 11. Bose found that the crystals effloresce in air, and when heated to 100'^, 

C. A. Wurtz found that they lust five-sixths of tlieir water of crystallization, and 
the remainder at ISO*'. When heated to a higher temp., H. Bose found that 
phosidiinc is emitted, and a reddish mass icinains. C. F. Rammelsberg represented 
the reaction : rjMg(ll2P02)2=2Mg2p207-|-Mg(POg)2+-4PH3-j-4H2. When the 

crystals arc lieatcd with nitric acid, H, Bose found that magnesium metaphosphate 
is formed. By dissolving zinc carbonaU^ in hypophosphorous acid, and evaporating 
the soln. in vacuo, H. Bose obtained mdistiurt crystals. The salt is obtained by 
double decomposition in aq. soln. ; and U. A. Wurtz found that if evaporated at 
ordinary temp., crystals of hexahydrated zinc hypophospbite, Zn(H2P02)2<(>H20, 
isomorplious with the magnesium salt are formed ; and by evaporating the hot 
soln., the rhombohedral crystals, dried at KMJ^ arc monohydrated. F. W. Clarke 
gave 2‘0l(i for the sp. gr. of the hexahydrate at 12-0° ; and 2*014 at J d'h'’. H. Bose 
and f). F. Kammclsberg found that the salt is decomposed by heat as in the cose 
of the magnesium salt. H. Bose obtained cadmium bypophospbite. by evaporating 
in vacuo a soln. of h3'^pophosphorous acid sat. with cadmium carbonate. The 
cadmium salt behaves like the zinc salt when heated. H. Bose obtained indications 
of the existence of a complex salt calcium cadmium hypophosphUe by evaporating 
the filtrate from the liquor obtained by boiling cadmium o^ate, calcium hypo- 
pliosphite, and water. The mercuiy hypophospbites have not been prepared. 
H. Bose found that mercuric chloride is reduced to mercurous chloride and to 
mercury when treated with hypophosphorous acid. 8. Hada observed that 
mercuious nitratobypopbospbit^ ng(H2P02).Hg(NC^).H20, is precipitated on 
adding a soln. of potassium or barium h3rpopho.sphite to a soln. of mcrouiic or 
mcTcuiouB nitrate, free from nitrous addi but the mercury soln. must not be too 
dil., and as free from acid as possible ; care must also be token to avoid using excess 
of the hypophosphite. The compound is not obtained when the mercury nitrate 
soln. is added to the hypophosphite, or if too much of the latter is added to the 
mercury nitrate, as in cither case the double salt is at once decomposed. Since 
the formation of the salt from mercuric nitrate necessarily involves the oxidation 
and waste of much of the hypophosphite, and also yields a mother-liquor which 
acts strongly on the precipitate, mercurous nitrate should be used ; moreover, 
potassium hypophosphite is preferable to the barium salt, as with the latter the 
precipitate is liable to contain barium apparently as nitrate. As the white preci- 
pitate obtained on adding potassium hypophoq)hite to an excess of mercurous 
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nitrate is slowly decomposed when left in contact with the mothei-liquor^ it must 
be quickly collected and drained on a tile, without previous washing. The mercurous 
nifratohypop/iosphiie thus obtained is unstable when moist, although when dry it 
decomposes but slowly, becoming grey in the course of time. It is a white, 
micaceous powder, slightly soluble in water, by which it is soon decomposed with 
separation of mercury ; it loses its water of crystallization in a vacuum desiccator, 
but undergoes scarcely any decomposition, oven when kept for some time. When 
heated, it turns grey above and explodes a little above 100”, yielding mercury 
and nitrous vapours ; it also explodes if touched with a hot wire. With hydro- 
chloric acid, it first gives mercurous chloride and then metallic mercury, whilst 
hot, strong nitric acid dissolves it completely with the evolution of nitrons fumes. 
Sodium oliloride converts it into mercurous chloride and sodium hypophosphite, 
which only very slowly react, yielding metallic mercury, rotassium hydroxide 
blackens it, probably from formation of mercurous oxide. 

H. Rose reported aluminium hypophOQihite to be formed by dissolving 
aluminium hydroxide in cold hypophosphoroiis acid, and evaporating the filtered 
soln. in vacuo. The viscid product dries to a hard mass with a coiirlinidal fracture, 
and is not deliquescent. When heated in a retort, phosphine is evolved and a reddish 
substance remains. C. F. Kammelsberg prepared thallous hypophosphite, TJI [2PO2, 
by the double decomposition of the barium salt with thallous sulphate. 
The prismatic crystals are anhydrous, and belong to the rhombic sysicui with 
the axial ratios a:b : c= 0*786 ; 1 : 0 - 805 . They melt at and are deronqiosed 
by heat: 5TlH2P02=Tl4P207+TIP03-|-2PH3+2H2. According to 0 . Hauser 
and H. Heizfeld, ziiconium l^pophospbite, Zr(l{2P02)4.H20, is obtained by adding 
hypophosphorous acid to a soln. of zirccmiuin nitrate until the precipitate has 
completely redissolved, and then adding alcohol. It forms colourless, highly 
refracting crystals,' which become deep violet very rapidly in direct sunlight, or 
in the course of several weeks in diffused dayliglit, without any other perceptible 
change. C. F. Kammelsberg prepared enrium hypophosphite, Cc(Il2i’02)3.H20» 
in thin prismatic crystals, from the soln. obtained by dneomposing the barium salt 
with cerium sulphate. The salt decomposes when heated yieliliiig products like 
those with the calcium and strontium salts. 0. Kaiiffmann Toported thorium 
hypophosphite, Th(H2p02)4.H20, to be found by mixing a cold snln. of the sodium 
salt with one of thorium nitrate. The salt is washed free from nitric acid, and dried 
on a porous tile ; the anhydrous salt was obtained by adding thorium nitrate to a soln. 
of hypophosphorous acid. The salt is insoluble in water, but very soluble in cone, 
mineral acids. When the soln. in cone, hydrochloric arid is evaporated over a flame, 
aggregates of crystals of thorium hydioiyteihypophosphite, Tli(OIJ)(ll 2 P 02 )j. 41 l 20 , 
are formed. The crystals are insoluble in water, but soluble in dil. hydrochloric 
acid. 

The fin it/pophosphies have not been prepared ; A. Teroi and 0 . Fadovani 
found that when solid or a cone. soln. uf staunous chloride is added to a cone. soln. 
of sodium hypophosphite, there is a voluminous white precipitate of stannic 
chloiohypophosi^tea Bn0l4.Sn(n2FO2)4.3H2O, which is strongly reducing. This 
compound is dehydrated at 140 "^, and, at 190 °, it decomposes, with a characteristic 
reddening and evolution of phosphine. If the heating is stopped immediately, 
and the mass extracted with cone, hydrochloric acid, the composition of the bright 
red residue approximates to F4O. T. von Orotthns, H. Rose, and C. A. W'^urtz 
made observations on lead h^phosphite, Pb(U2F02)2- H. Rose obtained it 
by saturating a hot aq. soln. of hypophosphorous acid with lead oxide. If the soln, 
is heated, lead is precipitated. C. A. Wurtz treated the acid with freshly 
precipitated lead carbonate. In both cases, the filtered soln. was evaporated. 
£. von Herz treated a hot sat. soln. of the calcium salt with a hot sat. soln, of lead 
nitrate, when crystals of lead hypophosphite separated on cooling. According to 
H. Rose, and C. A. Wurtz, the small rhombic prisms have a feeble acidic reaction 
towards litmus, and they lose no water at 100°. When heated in a retort, phosphine 
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ifl evolved; and C. F. Ranuneiabcrg reprcsonted the leaction:' 9Pb(H2p02)2 
fl=4Pb2p207+Pb(Pf^)2+8PH3+4H2+2H20. W. Ipatieff and co-workm found 
that lead hypophosphite gives phosphorous acid, lead oxide, and black phosphorus 
when it is heat^ in a cnrrent of hydrogen. H. Bo<;e found the salt to be sparingly 
soluble in cold water, but more readily soluble in hot water ; it is not soluble 
in alcohol, and alcohol precipitates the salt from its aq. soln. in pearly scales. 
The aq. soln. is not decomposed by boiling. Aq. ammonia in excess precipi- 
tates what might be an impure basic salt, H. Rose believed that an excess 
of lead oxide formed a basic salt; C. A. Wurtz, lead phosphite. E. vonHerz 
prepared highly explosive lead niteatohypophogphite, Pb(N03)2.Pb(H2P02)2i or 
Pb(N0^)(HnP02), by adding a hot saturated soln. of lead nitrate (.‘VU grms) 
to a boiling satura^d soln. of calcium hypophosphite (170 grms.), and cooling 
the mixture rapidly with efficient stirring, when wliite, crystalline lead hypo- 
phosphite separates. Two hundred and fifty grms. of the latter are added with 
stirring to a boiling soln. of lead nitrate (500 gims.) in water (1*5 litres), 
and rapidly cooled. Its rate of detonation is greater than that of mercury 
fulminate and approximately equal to that of lead azide. Its small energy 
content, or the relatively small volume of gas liberated by its decomposition (117 
litres per kilo., as contrasted with 230 litres with load azide and .314 litres with 
mercury fulminate), inhibits its use os initial explosive in the usual amount of 
charge. Its suitable sensitiveness and detonation point, its great stabibty, and the 
high temperaiuie of its flame render it very appropriate for percussion-fuse com- 
positions. The double compound, dried at 40^-50°, is practically useful only when 
it is obtained as a heavy, granular, crystalline powder ; it is less suitable in the 
form of needles or as a felted, voluminous mass. 

R. Hada prepared bismuth hypophosphite* Bi(H2P02)3.1l20, by mixing a 
soln. of bismuth nitrate, free from any unnecessary excess of nitric acid, with 
barium or potassium hypophospliite, avoiding excess of bismuth nitrate, as the 
salt is soluble in it. The bismuth hypophosphite, which is precipitated as a white 
crystalline powder, slowly decomposes in contact with the mother-liquor, but, 
if collected at once and drioil on a porous tile, it can be. preserved for days unchanged. 
L. Vaniuu and F. Hartl obtained it by adding hypophosphorous acid or its sodium 
salt to an aq. solii. of l)isinuth nitrate and mannitol. The while, crystalline pre- 
cipitate dccrnnjiosed slowly when dry ; but more quickly when moist, giving 
bismuth. S. Hada found that bismuth hypophosphite decomposes very readily 
when heated, becoming black and giving off phosphine at temperatures only a 
little above 100°. At a stronger heat, metallic globules of bismuth and bismuth 
phosphate are obtained : 3Bi(H2P02)s“2Bi+Bi(P03)3-f-6P+9H20. This hypo- 
phosphite is noticeable for yieldiug metal instead of phospliiile. 

C. A. Wuitz reported chromium hydzoxydihypophosphite, 2Ci(0H)(H2P02)2. 
3H2O, to be formed by mixing sola, of the barium salt and chromic sulphate, and 
evaporating the green filtrate. The dark green, amorphous product decomposes 
at 200^^1 and is then no longer soluble in water or dil. acids. According to F. Mawrow 
and J. Zoneff, chromiom hypophosphite, Cr(U2P02)9.2U20, is formed when a sola, 
of freshly precipitated chromium hydroxide in hypophosphorous acid yields a green 
mass on evaporation on the water-bath, which may be washed with water and 
dried over sidphuric acid. Soln. of potassium hypophosphite and chromium alum 
give first a deposit of potassium sulphate, and the sola, yidds on further evaporation 
a gummy mass, from which it has not been possible to obtain a definite salt. For 
the action of hypophosphorous acid on molybdenum salts, tads supra. According 
to F. Mawrow, when hypophosphorous acid is added to a soln. of ammonium 
molybdate in enne. hydrochloric acid, a bluish-green soln. is produced and a violet 
deposit of molybtoum aqrbypopliosphite, Mo602(H3P02)7,3H20, with a coppery 
lustre obtained. This deposit is soluble in cold water, giving a green soln. which, 
on exposure to air, becomes blue. It is decomposed by alkali-lye, forming a 
green preoipitate. It is soluble in cone, sulphuric acid with a blue colour, and 
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on dilution a yellowish-biown precipitate is formed. Heated on platlniim foil, 
it explodes and leaves a grey residue. On heating an aqueous soln. of this, it 
becomes blue, and on evaporating at 00 ^- 95 '’, a blue residue is obtained which is 
soluble in water or alcohol with a blue colour and explodes when heated. Its 
composition is represented by MO(Oi3(H3P02)8.H20. Both these compounds 
ore strong reducing agents, indicating that the phosphorus is present in the con- 
dition of hypophnsphorous acid. It is doubtful if the forniulso given are correct, 
but it is certain that the substances are not compounds nf molybdic acid, but of 
a lower oxide of molybdenum. The blue soln. gives charactoistic precipitates 
with salts of ammonium, lend, and bismuth. F. Mawrow and N. Nikolofl said that 
the bine compound obtained by boiling the violet compound has the composition 
molybdosic h^phosphil^i M05O14.6H3PO2.4H2O, or Mo205.3MoOs.r)H3P02.4H20. 
Its soln. gives a blue precipitate of ammonium h^phosphitomoIybditomolyUatei 
(NH4)20.Mo205.r)Mo03.2H3P02.4H20, when tToaied with ammonium chloride; 
the precipitate with a sodium salt is sodium hypophosphitomolybditomolybdate, 
NanO.M02O5.r3MoO3.3H3PO2.4H2O ; with cobaltous chloride, oobaltous hypophos- 
phitomolybditomolybdate, CoO.Mo205.i)Mo03.2H3P02.7HnU ; and with lead 
nitrate, the lead hypophosphitomolybditomidybdate is mixed with learl hypo- 
phosphite. Only barium hy^phosphitomolybdate, BaO.Mo7()2o(H3P02,)s.l2H20, 
has been examined. 0. W. Uihbs feported ammonium bypophospUtomdybdate, 
2(NH4)20.HMo03.2ll3P02.2H20, to be formed on mixing (NH4)5Mo7024 with 
hypophosphoroiis nciil, and then hydrochloric acid. The cry.stallinc salt was 
washed with cold water. The colourless prismatic crystals are easily soluble 
in hot water. AV. Weinberg obtained the ammouinm liypophosphitomulybdatp, 
(NIl4)2lI.P02.iMo03.3'r3H20, by mixing sodium hypoplio'^phito and ammonium 
molybdate in as little water as possible, and adding hydrochloric acid. He 
also obtained sodium hypophosphitomolybdate, and pota^um hypophosphito- 
molybdate, as well as the guanidinium salt. 0 . W. Gibbs reported potassium 
hypophosphitotungstate, 4E20.18W03.6H3F02.7li20, to be formed by the action 
of a cone. soln. of hypojihosphorous acid on sodium paratungsiate, dissolving the 
yellow product in water, and treating it with a soln. of potassium bromide. The 
colourless crystals arc decomposed by heat. The salt is soluble in hot water, 
but the solu. becomes turbid, and eficrve.<)ces when an alkali carbonate is added ; 
with silver nitrate, a white precipitate of sQver hypopbosphitotungstate is formed 
which blackems when the soln. is hot; barium chloride gives a white precipitate 
of barium hypopbosphitotungstate ; and mercurous nitrate a white precipitate of 
mercurous hypopbosphitotungstate, which becomes dirty yellow when the liquid 
is warmed. 

According to V. Eohlschiitter and H. Rossi, vranium hypophospMF, has not 
been investigated, but M. LobnnolT prepared uraniom hypophosphite, U(U2P02)4, 
and uranium hydrobypophogphite, U(H2P02)4.H3P02, by adding the correct 
proportions of the acid to acidic soln. of uranic sulphate. According to 
A. Rosenheim and G. Trewendt, uranyl hypophosphite, U02(H2p02)2» 
obiaint'd in niicrocrystalline, yellow prisms, by agitating solo, of a mol of 
uranyl nitrate and 4 mols of sodium hypophosphite. The salt is almost 
insoluble in water, but readily soluble in excess of a soln. of either uranyl 
nitrate or sodium hypophosphite. They also prepared a yellow trihydfalF>; 
and C. F. Rammelaberg prepared Hib monohydrate, (U02)(H2P02)2-H20. Freshly 
precipitated ammonium uranate is transformed in an aq. soln. of hypophosphoroiis 
acid into the crystalline salt, which is very sparingly soluble in water. The water 
of crystallization is lost between 100^ and 2CX)'’ ; and at a higher temp., it decom- 
poses with the evolution of hydrogen and a detonation. Traces of phosphorus 
and phosphine are formed, and a grey residue with the composition: UP^Gq. 
which is considered to be a mixture of pyrophosphate, metaphosphate, and phos- 
phide. The main reaction is symboUzed: (U02)(H2P02)2=U(P0^)2+^ll2. 
When the uranyl hypophosphite is evaporated with nitric acid, C. F. Kammels- 
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berf; found tlmt nianyl motaphosphate, (U 02 )(PQ 8 ) 2 , is produced. A. Rosenlieim 
and G. Trowendt observed that if uranjl hypophosphite be treated with a soln. 
of 4 mols of sodium hypophoaphite, it forms slenderi paie yellow needles of Bodioill 
diuiaoyl imtabypophospbit^ Na[(U02)2(H2F02)sl.liH20, or the hexahydftOe; 
the coircsponding potassium diursnyl pentahypophOBPhite forma yellow crusts; 
ammonium diuranyl pentabypophospbitetpalo yellow leaflets ; and the guanidinium 
salt, aggregates of needles. If uranyl hypophospliite be treated with 6 to 
8 inola of sodium hypophospliite, it forms sodium uranyl dihypopliosphitpi 
Na[(U 02 )(n 2 P 0 o) 2 l 3 *bH 20 , in large, rectangular plates; the pcnlahydrale was 
also prejmrod. Attempts to prepare corresponding compounds with other alkali 
1 )ypophoBj)hites }Ielrled salts of the series R[(U 02 )n(H 2 p 02 ) 5 ]. The compounds 
form uranyl hypnphosphite, and ten or more molecular proportions of alkali hypo- 
phosphite could not be caused to crystallize. 

H. Rose obtained manganese hypophosphite, Mn(H 2 P 02 ) 2 -H 20 , by boiling 
the calcium salt with manganese oxalate , and C. A. Wurtz, and U. F. Kammelsberg, 
by the double decomposition of barium hypopliosphito and manganese sulphate. 
The siiiull, rose-red crystals are beheved by C. F. Kammelsberg to bo monorlinic 
prisms. They lose no water at 100 ^, but become anhydrous at 150 ^ according to 
(!. A. Wiirtz, and at according to C. F. Kammeldberg, and when heated 

t(t a higher temp, phosphine is evolved and some red phosphorus is formed ; 
[)Mn(IJ2p02)2=--2Mn2Pn07-l Mn(I'03)2 |-4PIl3+4H2. H. Rose prepared ferrous 
hypophospbite* Fe(il2p02h2 hll20, in small green crystals— said to be octahedral, 
but see the magnesium salt — by dj^solving iron in hypophosphornus acid out of 
contact with air; and U. A. Wurtz, by the double decomposition of the barium 
siilb with leirous sulphate. The aq. soln. on evaporation furnishes crystals of the 
salt. It is readily oxidized }iy exposure to air. U. Hose said that hydrated ferric 
oxide can ho dis^^olved in the cold acid without reduction, forming a white ferric 
hypophospbite which is sparingly soluble in the free acid, and yields spontaneously 
intlammable phosphine when heated. When hydrated ferric oxide is boiled with 
hypnphosphorous acid, a soln. of ferrous hypophospbite is obtained, and ferric 
phosphate is precipitated. The stability of ferric hypophospbite is remarkable 
in lliat tervalent iron is associal ed with a strongly reducing acid. W. Hieber repre- 
SLMitcd the constitution of the normal suit, Fe(H2P02)3 by [Fi^(H2FO2)e](H2PO2)0, 
wlicre [Fe3(ll2F(J2)o] considered to bo a basic, tervalent radicle. He obtaineil 
this salt by slowly adding a hot soln. of ferric chloride to a hot soln. of sodium 
hypophosphite, so that the precipitate first formed is dissolved. It can also be 
made by treating ferric hydroxide freshly precipitated in the cold, with hypo- 
phosphorous acid. The normal salt is also obtained by digesting the basic ferric 
hypophosphites with the acid. 13 y working with less cone, soln., a series of ferric 
hydiazyhHMiphosphites was prepared. Thus, triferric hydroxyhfxaphosphiO’ 
diltypophosphite, lFcg(OH)(n 2 PO 2 ) 0 j(H 2 PO 2 ) 2 + 24 H 2 O, was obtained; likewise 
the complex [Pea(0U)(H2P02)Bj(lIaP02)[Fe8(H2PO2)B(0H)2]H2p02+nH20 ; as 
well as triferric [Fe3(H2F02) 0(011)2]- 

Il2p02+^^H20 ; and triferric tnhydroxypeniahypophosphitohypophosphile, 
I Fe 3 (fl 2 P 02 )B( 0 H)sJH 2 P 02 +nH 20 . If triferric hydroxyhexahypophosphito- 
dihypophoBphite be warmed with a soln. of potassium hypophosphite, there is 
formed jiotassium auuoi^taliyiK)Phosphitolem E2[^e(H20)(H2F02)6], and 
similarly for sodium woi^tabypophosidiituferrate, Na[Fe(H20)(H2P02)5]. 
Another series of complex ferric hydroxy- or aquohypophosphites has been piepar^ ; 

1)1 * 


rre,(HO)(li.PO,).](H.PO J,.nH, 0 ; 
IPe„{HO)(H^^O,).l,lFo(niO)(H2PO.h](H,PO, 
[P03(H^O,),][F0(U,O)(H,PO,),]LFd,(11())(H,1 
>e,(H0)(H^q,),JlFe(H,O)(H,PO.), ; 


[F 0 ,(H.i;O,),^ 

[F 0 |(H|FO|)|, 

tF0,(H^O,), 

[Fea(H|PO|)|i, 
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W. Hieber prepared n number of complex tarric inlphatobno^hoi- 
phites, [Fe3(H2P02)5]S04(II*P0B).4Hj0 ; [Fe3(H2P02)eHS04(HBP02)2.4H20 ; 

[F6s(^^2^0z)6l(H®®4l3*^®2® * [Fp3(H2p02)(|l2(HS04)2(H2p02)2S04.24H20 | 

[Fe3(H2P02)G]2i®04(IIS04)4(H2P02)-30Ho0 \ IFB2(H2p02)G]fFe3(H2P02)5(0H)]- 

(S 04 ) 2 (H 2 P 02 ). 24 H 20 ; [Fe 3 (H 2 p 02 )e( 0 U)].nH 2 O. The bnio porobloralobypo- 
phoqibites: [FB3(H2P02)6](C104)aH2P02iH5P02.18H20; and [FeafHaPOa)#!- 
(C104)(H2P02)2.nIl20. The leriic cUorostibiiolvpQphopph^^ : [Fes^HaPOalBla- 
(SbC]e) 3 (H 2 p 02 ) 3 . 1 HH 20 . The briic rFea(H 2 P 02 )sJ- 

[FeC^KIIgPOala^HsPOa.lOHsO ; [FeaCHgPOalGlLFeClalHgPOgHaHgPOg.WHgO ; 
[Fe3(H2P02)o][FeCl3.(H2POn)][FeCl4)H2P02<6H2U j and [Fe3(H0)(H2p02)3]2'" 
Cl2(H2p02).ir)H20. The feme bromoh^pboflpbite : [Fe3(H2P02)G]fFeBr4|- 
(1I2P02)2.12H20. The feme nitratoby^phoohite : [Fe3(H2p02)3J[Fe3(H0)- 
(llgPOg) BKHgPOalalNOajg) .2 IHgO, 

H, Rose diRSolved freshly precipitated cobalt hydroxide in cold hypophosphorous 
acid, and evajtoratcd the filtered solo, in vacuo, whereby red crystals of cobalt 
hypopho^pllit^ ('o(H2P02)2-8lT20, isomorplioUB with the magnesium salt arc 
formed. S. Btevanuvic, and J. Beckenkamp showed that the crystals are tetragonal 
bipyramids with the axial ratio, according to the former, a : c -.-1 ; 0 9B!)2. Twin- 
ning occurred about the (lOl)-face ; the corrosion figures were found to be approxi- 
mately equiangular and three-sided. The birefringence is feeble aud positive. 
¥, W. Clarke gave 1'808-1-811 for the sp. gr. of the salt at IB*")®. C. A. Wurtz 
found that the water of crystallization is lost at l(X)'' ; and C. F. Rammelsbcrg, 
at ; the salt begins to decompose at IW**; and it becomes black ; 

3 Co(H 2P02)2— 2Co(P03)2+CnP+PH3-f9H. When evaporated with nitric acid, 
H. Rose found that the hypophosphite is converted into the metaphosphate. 
H. Rose, and C. A. Wurtz prepared nickd hypophosphitet Ni(H2p02)2.6iro0, by 
the methods employed for the cobalt salt. The green crystals, said H. Jiose, 
appear to be cubes; and C. A. Wurtz, and C. F. Rammelsbcrg, octahedra 
isomoiphous with the colmit salt. F. W. Clarke gave l*8r>6 for the B]>. gr. of the 
salt at 18®; 1-844 at 19°; and 1-824 at 19-8 . C. A. Wurtz found the salt is 
dehydrated at 10f;° ; and C. F. liammelsberg said the decomposition begins at 
100®, and he represented the reaction by 3Ni(H£P02)2=“ 2Ni(P03)2+NiPH-PH3-f 911. 
The salt is soluble in water , and when the soln. is evaporated at 100®, some nickel 
is reduced. The moist crystals arc also reduced if heated quickly to 120®. Th'' 
stability of the nUkel amminohypophosphte was discussed by F. Ephraim and 
co-workers. 

R. Engel prejiared pUtinous hypophosphite, rt(H2P02)2, by passing phosphine 
at 0° into a soln. of platinic chloride in 90 per cent, alcohol acidified with a drop of 
hydrochloric acid ; it is washed with alcohol and then with boiling water ; dried 
in the cold, and then at L'^O®. The yellow salt is not altered at 130®, but it decom- 
poses at a higher temp, into spontaneously inflammable phosphine. It is insoluble 
iu water, alcohol, and in hydrochloric, sulphuric, and acetic acids ; it is soluble with 
oxidation m nitric acirl, and chlorine- water. Boiling cone, potash-lye decomposes 
it with tho evolution of hydrogen and the deposition of platinum. Placed in 
suspension in soln. of gold, silver, copper, mercury, or palladium, it immediately 
reduces these salts in the cold, and is itself partially leduoed. 
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§ 16. PhOBphonu Trioxidet or Phosphorous (hade 

In 1777, B. 0. le Sage ^ passed a very slow current of well-dried air througli a 
tube containing fragments of phosphorus at a low temp., and obtained a white, 
flocculent powder of what must have been pkosp/ioroKs oti/tt/dride, phosphorous 
OZide» or itfiOSI^rua trioiide» P2O3, or rather P4O1). Tliis substance was at first 
confused with leajleurs dc pimphorc obtained by the combustion of phosphorus in 
air. A. L. Lavoisier recognized the difference dependent on the conditions under 
which the phosphorus is burnt, and he inferred the existence of two oxides of 
phoBphorns— one, made by B. G. le Sage, spontapenient d lair pur la destruction krUe 
du plmphore, and the other obtained par coinbus^ion. P. A. Sieinacher,^ and 
II. Davy, also recognized that phosphorous oxide and some phosphoric oxide are 
produced by the slow oxidation of phosphorus ; but the relationship between the 
two oxides was not made clear until P. L Dulong’s memoir ; Suf les combinaisona 
iu phoaphore avee ozygine in I8I61 when it was shown that the two oxides are 
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related to phosphoras mucli as the two oxides of carbon are related to carbon, The 
dow oxidation of phosphorus has been previously discussod— vide supra. 

Phosphorous oxide is produced by the iiuperfoct combustion of phosphorus, 
such as occurs wlipn that element is warmed in contact with a limited supply of 
ail, slowly renewed, or much rarefied. l\ A. Stemocher heated phosphorus to 
100'^ in a narrow glaas tube containing air, and found that phosphorous oxide, 
accompanied by a small pnijKtrtinn of phnsphoric oxide, siiblijnes. J. J. Berz^olius 
burnt the phosphorus in a glass tube through which only a very slow current of 
uir was passed; and H. Davy heated the phosphorua in highly rarefied air. 
J . M. ( 'nbell sublimed the product at about 177 ' in an atm. of hydrogen. According 
to £. Jungflcisch, the oxidation of pure (try phosphorus at low temp, in pure oxygen 
at atm. press, gives exclusively phosphoric oxide, but at press, of 18-20 mm. the 
immediate products of oxidation arc pho^pho^ous oxide and a bright yellow oxide— 
the tetritoxidc. When oxidized in oxygen at low press., the phosphorus becomes very 
luminous, partially fuses, and soon ignites with a large pale glaucous flume which 
is extinguished in a few moments, all the oxygen being absorbed. After cooling, 
the unchanged phos])horus is left surrounded by phosjihoric oxitle (formed before 
the retiuctiua in press ), by the yellow comprmnd (a little further away), and lastly 
by a white aureole of phosphortms oxide. On admission of a very small quantity 
of »iir, the vapour of the latter burns with a phos])lioresccnt glow, whilst a larger 
quantity of air causes the ignition first of the solid PoOj, and then of the rcmnining 
jihrispboius. Intrculucliun of water iiLstcad of air into the combustion vessel 
produces bright flashes of light, as the dissolved oxygen oxidizes small quuntili<‘s 
ot P2O3 vapour. The resulting solu. contains phosphoric and pliosjdioruiis acjrN 
^ith the yellow comjHmnd in su'^penbiou, the phfisphorous acid aiUDiinting to 
riT'i) per cent, of tin* total jihosphorus. The oxidation in tins manner can be 
pfiected cuiitiiiuously in a tube, and the obtained in a\o 11 defined crystaLs. 
Whether air, pure oxygen, or oxygen mixed with uii inert gas is ined at low press 
the products of oxidation are the same. Partial oxidation of ])h(H]diorus in tins 
manner renders it spontaneously influmiuable, owing to the mtlaiumahility of tlie 
phosphoroUiS oxide fonned. According to R. I'owper and V. 1>. Ijpwc.s, when 
dry air is passed over molten phosphorus, the prorluct contaiiifl 7l)-l to 78*2 per 
rent, of pLi»spliorK' oxide, 3*2 to {Hy per cent, of ])Lnsphorou8 oxide, and 17’li to 
2fi-fi per cent, of yellow ]jbnsph(jrus which changps into rod phosplii»ruH 011 exposure 
to light as noted by A. Irving, wlio overlooked the presence of yellovi plio.'ijihorn'* 
A. Sommer dosiTibed some iuetho<ls of biuniiig ])liosphorus in a limited hu])]»ly of 
air. T. E. Thorpe and A. E. 11. Tutton employed the following mode of preparing 
phosphorous oxide by this process : 

'J'lie phohplioniA is placed in a gloss tiilx). which is beut as shown in Fig 31, and 
fitted into one end of n Jong tube cooled by u jackut. if, fouiaining water at 00'° The 

ruolod tube IS filled to a U-tulns 
(\ inimpr'icd in a fm*/.ing-iiiix 
ture; a plug of gLosswonl 
placed jTi the condenser tid>o 
near tlie U-tuk;e The pho'^ 
phorus 18 jgnitod, and a hloH 
stream of aii is drawn Ihntiigh 
the apparatus by inttaris ol an 
aspirator connected to the 
U-tulie. The phusphoruH ficn 
t oxide IS arrested by the glass 
wool, and plioflphorus oxidy 
passes into tJio U^ube, whore it 
is ciindeiised into a white cryM al 
line mass. The wash-bottle, A. 
with cone, sulphuric acid protects the product from inoisturo. At the end of the exjicn 
luent, tlie suLd in tlio U-tubo can be melted and run into the bottle 3), 

A. Naquei said that jihoupborouB nxide is formed by the action of pbosphoiiu 
tiicbloride on phosphoroua acid ; flaPOn+l’Clj-SHd+PjOi. The loactiun was 



Fio. 31. — The Preparation of LMiospliorus Trioxide. 
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studied b; A.. Gautier, A. Bosnon, and E. Eiaut. A. B£champ obtained this onde 
by the action of phosphorus trichloride on acetic anhydride : 3(CH3C0)20+2PC!l3 
-=6CH3C0C1+P203 ; and T. E. Thorpe, and 0. H. Bothamley and G. R. Thompson 
found that the reaction with acetic acid is aual^igous : 3CH3COOH+2PCI3 
sirSCHsCOCl+SllCl+PaOji — ^propionic and butyric acids give similar results. 
There are a number of side reactions, and some phosphorus tetritoxide is formed 

(J.V.). 

P. A. Bteinacher reported that phosphorous oxide forms white bulky flakes 
which Rmell like garlic ; the oxide possesses a sour sharp taste ; and reddens 
moist litmus, but not that which is dry. J. M. Cabell showed that the sublimed 
oxide consists of monoclinic crystals. T. E. Thorpe and A. E. II. Tutton reported 
that the sublimcMl oxide in the cooler part of the condensing tube consists of minute 
crystals aggregated into a snow-white mass; in the warmer parts, radiating 
aggregates of crystals are formed ; and when the melted oxide is cooled, 01 when 
the soln. of the oxide in benzene or carbon is evaporated, well-defined crystals 
are obtained. Exact measurements of the crystals are not possible because of the 
oxidation and deliquescence of the oxide on exposure. The crystals are in all 
cases monoclinic, and there is no evidence of dimorphism such as occurs with 
arsoniouH and aniimonious oxides. The crystals show the pinacoidal faces, a(ltK)) 
anil />(010), several jirism faces, a pair nf com])lemeiitary pyramidal forms. The 
extinctions upon a are parallel to the prism edges, whilst those on b make an angle 
of about 20^ with the prism edges. In convergent light an optic axis with its 
system of rings is seen on looking through the nrthopinacoiil a towards the edge 
of the field in the direction indicated in one of the cryhials shown in Fig. 4. When 
the crossed Nicola are parallel to the axial edges, the brush passes across the centre 
of the field in a line parallel to the vertical axis. The optic axial plane, therefore, 
appears to be 1 lie Kymmetry plane 6. As phosphorous oxide is also in all probability 
monoclinic, with an extinction upon the symmetry plane of about 21)^ it would 
appear that there is a regular relationship between phosphorous, arsenious, and 
antimonious oxides, such that there is a gradual approach to the higher symmetry 
of the rhombic system which is ultimately attained by antimonious oxide. The 
optic axial jihiiie is also identical with the symuictry plane in phosphorous and 
arsenious oxides, and also for all the colours of the .spectrum, with the exception 
of red, for which colour the plane crosses to one at right angles, as in the case 
of antimonious oxide. 

The vapour density found by T. E. Thoipe and A. E. H. Tnltoii is 7*67 to 7-83 
at temp, ranging from 131° to 184°. The theoretical value for P^Os is 3-81 , and that 
lor r4()Q is 7-62. lienee, the formula P4OQ. This is in agreement with the eflcct 
of this oxide on the f.p. of benzene ; and, acci^rding to K. Schenck and co-workers, 
on the f.p, of naphthalene. G. le 13as’ observations on the mol. vol. are in agree- 
ment with the formula : 




0 

u 
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T. E. Thorpe and A. E. H. Tutton found the spfldfic gravity of the liquid oxide to 
be 1-9431 at 21°/4°, and there is a O-U per cent, contraction on solidification so that 
the sp. gr. of the solid oxide is 2-135 at 21*’/4^. The sp. gr. of the oxide at its b.p., 
173-r, is 1-6897, and the spedfic volume, 130-2. Accepting H. Kopp’a and H. Buff's 
value 7-8 for the sp. vol. of oxygen joining to different atoms by single linkages, 
the sp. vol, of free phosphorus is 20-9, and the calculated sp. vol, of phosphorus 
in combination as phosphorous oxide has the same value. This is taken to mean 
that the phosphorus in both cases is quinquevsdent. According to T. E. Thorpe 
and A, E. H. Tutton, the relative vol., v, of the molten oxide is : 

2710° 3007* eS’ZO” 80-48° 117-08* 140 30° 

. . 1-0000 1 0078 1-0316 1 0657 1-0827 M05B 


VoL . 
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these results, corrected for the thermal expaueion of glass, can be represented by 
e.:rl+0-()39i;J77W)H)Blll7r)82+0-08;386()79», when 9“ ranges between 27*10“ 
and 140'%!“. The ibermal expansum of the liquid follows directly from ; 

25’ 30" BO* 75* 100* 125“ 150" 170" 1781" 

Vol. . . 1 000 1 0046 hm% 10450 1-0695 1 0941 M200 1-1410 M454 

Phosphorous oxide has the meltilig point 22*5°, when it forms a clear, colourless liquid 
wbirli freezes at 21*^, and has a marked tendency to undercooling. B. Schcnck and 
co-workers gave for the vapour pressoie, p mm. of the liquid : 

22 4" 30 8" 40 0" 50*0" 04*4’ 727" 01'2" 

p . . 2-7 4-1 6-0 9-5 18-4 50-8 207-9 

T.E. Thorpe and A. E. H. Tuiton showed that the boiliilg point is 173-1“ Qt 700 min. 
There is no derouijjositioii at this temp, in an atm. of an inert gas— nitrogen, or 
(‘jrbon dioxide. Pliosphoruus oxide is a eompanitivclv stable substance up to 
temp, of about 2(X)“. When heated in a scaled tube, the clear liquid becomes turbid 
at about 210", and at a soinewbat higlier temp, the solid su])stance which Bcq)aTates 
out gradually becomes y<*llow, and ultimately dark red. At 3(K)", a consiilerahle 
quantity of the red soliil is formed, but there i.s still a large projiortioii of the liquid 
undeoojiqiosed, even after an hour's heating ut this temp. At the temp, of boiling 
sulphur, ‘140 , the whole of the oxide is decomposed into solid products red 
plmsphorus and phosphorus totroxidc : 2 P 4 OB- 3 P 2^^4 i'-^** estimateil 

for tlie heat of foimaticm, ^ 1-^'^ i M. Berthclot, (I’viO^)!- 

4-37-4 (’als. These values are quite unreliahle. 

A. Strecker, and A. Irving showed that white phosphorous oxide, prepared 
by the slow burning of pliOHpliorus, quickly turns yellow, and ultimately red on 
exposure to suuligLi. It is assumed that the pho.sphi)Tous oxide is itself dcooiu- 
posed : - IP 1 3?2^^6- (Viwjier and V, B. Ijuwes attributed (i) the colour 

change; and (ii) tlic spontaneous iiillainmution which occurs when the oxide is 
thrown into the air, to the jircseiice of finely-divided phosphorus associated as 
an impurity with the phosphorous oxide— I’/rfc supra. T. E. Thorpe and 
A. K. H. Tuttou shuwedtlniT. phosphorous oxide obfiiined by their mode of prc|)aration 
slowly becomes yellow' in difTused daylight and rapiilly in sunlight. About (»-R to 
J -U per cent, of red jdi osiihorus maybe proilured in ‘I to 0 months’ exposure. Fig. 32 

bhows the inteasity of the colour change 



The results at 27-4^' were represented by ji--l-517] f81767aA-2.- 316r)WXKKK)0QA-«. 
The relracticm equivalent for the i4-liae m 60-5, and for the ray of infinite wave- 
length, 58-9, F. Zecchiiii CHlciilnted 21 -4 for the mol. refraction with the /x-formula, 
and 14-25 wdth the ^--formula. H, J. Eiuul6us found the spectrum of glowing 
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phosphorous oxide is the same as that of burning and of glowing phosphoius— We 
supro, the oxidaiioD of phosphorus. T. E. Thorpe and A. E. H. Tutton found the 
dijpenion for the //- and il-lines to be 0-0366, and the dispersum equivalent, 4*17. 
0. Btelling studied the X-ray spectrum. The sp. magnetic rotation at 24*75° is 
I -5832, and the mol. magnetic rotation 9*962. This agrees with the general rule 
that free phosphorus has a larger value than when combined with oxygen. 
R. Schenck and co-workers found the sp. dectrical condactivity of phosphorous 
oxide at 25° to bo l-2xlCr7, and the didectric eondant, 3-2 at 22°. 

Analyses by J. J. Berzelius, H. Davy, T. Thomson, P. L. Dulong, and 
T. E. Thorpe and A. E. H. Tutton are in agreement with the empirical formula F 2 Q 3 ; 
and the vapour density and cryoscopic observations with P 40 g. The ob«iervations 
on the sp. vol. indicate that the oxygen atoms are joined to the phosphorus atom 
by single linkages, and that the phosphorus atom is quinqucvalent. This gives 
as possible formiilse : 
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II. Ileiistock gave lor the elcctTonic structure : 

H — + 

dO-P -0-P-0± 

I I 

±0 ^p-o— p=o± 

f - + 

Smre it has been shown that the vapniir of pho^^phorus in air is mainly phos- 
phoious oxide, the physiological action of phnsphurus vapour is really that of the 
vapour of phosphorous oxide. F. Wohler and F. T. Frericba, P. Schulz, J. Personne, 
B. von Dybkowsky, etc., have discussed the toxic action of phosphorous oxide. 
According to T. E. Thorpe and A. E. H. Tutton, hydrogen has no action on hot or 
cold phospliorous oxide ; but when ex]>n.sed to ail or oxygen, spontaneous oxidation 
to phosplioius pentoxide occurs. When a few decigriims of phosphorous oxide 
are placed at the bottom of a wide tube closed at one end, and previously filled 
with dry oxygen, and the tube sealed and kept in tlie dark, in an upright position, 
a bulk}^ snow-like deposit of pure phosphoric oxide Ls formed in rhythmic striae 
or annuli along the walls of the tube, showing that vaporization of the phosphorous 
oxide precedes its oxidation. The action is comparatively slow at first, but seems 
to proceed at an accelerated rate as the press, of the included oxygen diminishes, 
whereby the volatility of the phosphorous oxide is increased. Under diminished 
press, the tube becomes more or less filled with a luminous fluctuating glow, which 
instantly stops when the press, is increased to that of the atm. By increase of 
temp,, effected by wanning the outbide of the tube with a water-jacket, the diminu- 
tion of press, required to produce the glow becomes less-^a further proof that 
the glow is due to the action of oxygen on the x'apour of phosphorous oxide. If 
the temperature is gradually raised to about 70°, the rate of volatilization, and conse- 
quent oxidation, is such that the mass of phosphorous oxide burns, but the vigorous 
combustion can be at once stopped by reducing the press, of the oxygen, aud 
immediately renewed by restoiing the press., and the experiment can bo repeated 
until the whole of the oxide 01 the oxygen is used up. The change from glow to 
actual flame is perfectly regular aud gradual, and is unattended with any sudden 
increase in brilliancy. No ozone is formed as the oxidation proceeds. This 
fact supports the assumption that the formation of ozone during the glow of phos- 
phorus is caused by the dissociation of the oxygen moL in the formation of phos- 
phoric oxide : P 2 + 30 £=!P 205 -|- 0 , and O+Oa— Qj. When phosphorous oxide 
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is oonveited into the pentoxidcj no dissociation of oxjgen mob. need be assumed 
to oooui ; r 40 o+ 202 ^ 2 p 205 . These phenomena are so very simibr to those 
which occur with phosphorus done that it miglit be thought that the glow observed 
in the case of phosphorous oxide is due to the presence of free phosphorus in that 
compound. The amount of free phosphorus required to produce a glow is so 
very small that the supposition cannot be at once dbmbsed os impossible. The 
absence of the ozone and the gradual increase in the intensity of the glow, until 
it passes into steady combustion as the temp, b increased, seem convincing that 
phosphorous oxide phosphoresces in contact with oxygen like phosphorus itself, 
and under very similar conditions. Moreover, no hydrogen dioxide could be 
detected when the glow occurred in moist air, whereas the glow of phosphorus under 
the same conditions b attended with the production of notable quantities of that 
substance. E. Jungflcisch, R. Schcnck and co-workers, E. Rcharl!, L. and E. Bloch , 
H. B. Weber and A. Gaiibon, and E. Gilchrist attributed the luminescence of 
phosphorus entirely to the oxidation of phosphorus trioxide. W. E. Downey showed 
that light from oxidizing phosphorus trioxide, like that from phosphorus, is capable 
of ionizing oxygen; and H. J. Emeleus, that the spectra of glowing phosphorus, 
phosphorus trioxide, and burning phosphine are the same. II. Rinde inferred that 
in dry oxygen, phosphorus trioxide is oxidized directly to the pentoxide without 
glow, but in moist oxygen, an intermediate compound, possibly ])hospbine,is formed. 
C. C. Miller also showed that water-vapour b necessary for the glow ; and that 
phosjihine is always formed, and liquid phosphorus hydride us well. The ])ro- 
duction of this liquid accounts for the rise of press, to a ma.\*imura when phosphorus 
trioxide b in the presence of water-vapour at 2*5 to 5*0 miu. pre.ss. The sul)srquent 
fall of press, b attributed to the interaction of phosphorus hydride OTid t^ioxidf^ 
At 25^, in oxygen at GflO mm., and in the presence of water-vapour, the phosphorus 
oxidizes directly to the tetroxide, not the pentoxide. W. E. Downey showed that 
ozone is formed during the oxidation of thetrioxide; this b taken to mean that oxygen 
b oxidized by the light of the glow which has the wave-length A— 12(K) A. to 18(H i A. 

Melted phosphorous oxide readily tak(» fire in the air, especially when genlly 
wanned or when spread out over the surface of paper or cloth. Thrown into 
oxygen heated to 00° or 00°, it instantly ignites with a flame of almost blinding 
brilliancy. Great care b necessary to exclude air from tbo apparatus during ibe 
process of distillation of phospboroiis oxide. If air b permitted to enter the distilling 
vessel, the vapour of the oxide at once ignites, and may set fire to the liquid, with 
the possibility of a dangerous explosion. According to R. Sclienck and co-work(Ts, 
dry oxygen has scarcely any action on phosphorous oxide at ll)° ; 40° is the mo,st 
favourable temp, for measuring the speed of oxidation which b then ]iroporticinal 
to the square root of the press, of the oxygen. Thb is taken to mean Unit the 
reaction b semi-molecular, and b eiTocted by atoms— svpra, oxirlutinn of 
phosphorus. When air charged with ozone b passed over a biuall quantify of 
phosphorous oxide, the oxide glows continuously, without the pulsating apjicar- 
ance which characterizes its glow in air or in oxygen under diiniiibhed press. The 
glow ceases when the silent discharge b interrupt^, but recommences immediately 
it b resumed. The glow in the case of the ozonbed oxygen, at atm. press., is close 
to the oxide, and not, as in the case of air, or in rarefied oxygen, at some distance 
away from it. Moreover, after a time, owing apparently to the energy of the 
reaction, the phosphorous oxide melts, whereas it never melts in pure oxygen or 
in ail at the ordinary temp. 

Phosphorous oxide was formerly stated to deliquesce rapidly in air, and to dis- 
solve in water with a hissing noise ; indeed, J. J. Berzelius said that the attraction of 
the anhydride for the moisture of the air develops so much heat that the oxide takes 
fire. The ignition of phosphorous oxide when shaken in air was shown by R. Cowper 
and y . B. Lewes to be due to the presence of very finely-divided yellow phosphorus 
—vide supra — and the hissing noise developed by conta^ with water b probably due 
to the presence of phosphorus pentoxide, because T. E. Thorpe and A. E. H. Tutton 
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found tbat phosphorous oxide is somewhat inert in its attraction for water. Both 
the solid and the liquid form diesolve only with great slowness ; a few grams will 
remain for several days in contact with water without any considerable diminution 
in bulk being apparent. On long standing, the pure oxide cf)mplctely dissolves ; 
the Roln. has a strong arid reaction and an alliaeeinis smell ; and its general properties 
show that phosphorous oxide is slowly converted into phosphorous acid by the 
action of cold water. When a small quantity ol water, nr^t lower than lb® in temp., 
is added to a quantity of phosphorous oxide, not less than one-sixth its bulk, the 
slight rise of temp., probably due to the formation of phosphorous acid at the 
surface of contact, is just sufficient after about 10 miuutes to melt the oxide which 
remains unmixed with the water at the bottom ol the vessel. This slowly dis- 
solves, as above described, and in a few days forms a solu. of phosphorous acid. 
When the water is heated, the reaction is entirely difToreut. At temp, below 100*", 
it is very energetic ; large quantities ol red phosphorus or the red suboxide are 
formed with an explosive evolution of spontaneously inflammable phosphoicttod 
hydrogen and tlie forniatiou of phosjihoric arid. With quantities of phosphorous 
oxide exceeding a couple of gninis, hot water produces most violent e.xploHiuns. 
A cold dil. solii. of alkali hydroxide rosembies cold water in its action on phos- 
phorous oxide. No action is apparent at first, but, on standing, tlic oxide is dis- 
solved, and a iiliospkitc is formed. Oold rone, or hoi dil. suln. decompose the oxide 
with jiroduction of rod pliosphorus, or the tetrit(»xide, and a phosphate, whilst 
spontaneously iiiflamniiiljlc phosphiuo is evolved. When phosphorous oxide is 
thrown into n jar of chlorine, it instantly ignites, ami burns with a greenish flame. 
In a slow current of dry chlorine, the oxide becomes very hoi, ami bniiis with a 
pale grcuii flame soarrcly prrcepiiblc in daylight. If the flask containing the 
phosphorous oxide is surrounded by ice, and the current of chlorine is not too rapid, 
the whole of the o.xiile is gradually converted into a clear liquid which does not 
solidify in cold water. On distilling this liquhl, the thciinometer rises rapidly 
to 1(J7^ and remains constant at this temp, for suiiie time, after which it sudrlenly 
rises to 2 (X)^, and the residuo in the fla^ becomes viscid. The condensate is 
pliosphuryl chlonrle, and the viscid residue is nietaphosphoryl chloride, P()201, 
and the icaetion is therefore ayniholized : I [ lOlo ■ 2 POU 1 .J ( 2POoCl, Phos- 
phorous oxide reucta 'snoleiitly with liquid bromine, and the mass genciully inflames. 
When the oxide at ordinary temp, is continuously acted on by bromine vapimr, 
lemon yellow crystals of phosphorus pentubromide arc formed above the oxide, 
wliile the oxide itself becomes covered with a white amoridious powder of phos- 
phorus pentoxide ; riP40(|-|-Ji^lBr2=’ Tiio crystals of the pentoxide 
afterwaids dissolve in the excess of bromine which coiulonsas on them, the penta- 
bromide is washed down, and a second reaction occurs resulting in the formation 
of pliosphoryl bromide, and nietaphosphoryl bromide: P4 ()q -|- lBr2-^2POBr3 
-f- 21 H)nBr, as in the ease of chlorine. Phosphorous oxide reacts slowly with iodine^ 
forming aii orangc-red solid. Even when the substances are heated together in a 
sealed tube at 150 ”, the reaction is far from complete. When the two substances 
are heated, under press,, with a quantity of carbon bisulphide, phosphoric oxide is 
formed, and orange-red prisms of ]’2f4 sejiarato out from the cone. sob. No 
formation of the tri-iodide could be detectcil. The main reaction is probably in 
accordance with the equation 5P4()o-f8l2=4P2l4H~flP2^s- Phosphorous oxide 
rapidly absorbs hydrogen chloride, forming a viscous mass and a clear, mobile 
liquid. The semi-solid substance is at first quite white, but as the reaction proceeds 
it changes to yellow and orange. The dear liquid consists of phosphoru.s trichloride, 
boiling at 7G^ ; the semi solid residue is, for the most part, soluble in water, and the 
sob. contains phosphorous and phosphono acids. The yellow solid was free 
phosphorus. The main reaction is symbobzed : P4OB |- 61 ICl=-- 2 PCl 3 -|- 2 nsF&j ; 
and the phosphorous acid reacts with the trichloride os symbolized by A. Geuther : 
PCi8+4H8PP3-3H3P04+aP+;jHCI. 

When phosphorous oxide and sulphur are heated together m an atm. of nitrogen 
VOL. viii. 3 M 
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or carbon dioxide^ the two substances melt| and form separate layers of liquid ; 
at about 160 ° a violent reaction occurs, no gas is produced, but the liquid become 
solid owing to the direct addition of sulphur, forming phosphorus disulphotrioxide, 
analogous to phosphorus pentoxide: F40 a-|~^S=P40oS 4. The reaction with 
gdenium appears to be similar to that with sulphur, but the phosphorous oxide 
itself is largely decomposed at the temp, of the reaotion. Phosphorous oxide does 
not react with solphur dioxide, hot or cold. The vapour of salj^or trioiide reacts 
with phosphorous oxide at ordinary temp., forming sulphur dioxide and white 
flocks of phosphorus pentoxide ; no compound was detected other than the products 
of the oxidation of phosphorous oxide at the expense of the sulphur trioxide. 
When cone, sulphuric add is dropped on phosphorous oxide there is a great rise 
of temp., and sulphur dioxide is liberated and the phosphorous oxide becomes 
oxidizod to phosphoric acid. When quantities of a gram and upwards are employed, 
the reaction is so violent that the mass generally ingnites. Bulphui chloride, 
82012, acts with great violence on phosphorous oxide, forming phosphoryl and 
thiophosphoryl chlorides, free sulphur, and sulphur dioxide ; P40e4-6S2Cl2=2P0Cl3 
+2P8Cm 28O2+8H. IL Piinz said that no reaction occurs even at 230 °. 

According to T. E. Thnipo and A. E. 11 . Tutton, nitrogen has no action on hot 
or cold phosphorous oxido ; but ammonia slowly reacts in the cold, absorbing 
between 7 and nioJs. of gas per mol. of oxide. When ammonia is led over phos- 
piinrous oxide melted hy the warmth of the hand, in an apparatus previously filled 
with nitrogen, a somewhat violent reaction occurs with production of a white cloud ; 
the mass ignitc««, and a cunsideruble quantity of amorphous phosphorus or the 
red suboxide is formed. The violence of the reaction may, however, be controlled 
by surrounding the flask with iced water. The reaction is more easily icgulaUMl 
if the phosphorous oxide be dissolved in ether or benzene. There is formed phos- 
phorous diamidc, HU.r(Nll2)2 The substituted ammonias react similarly. 
PhosphoToiiB oxide does not react with nitric oxide— hot or cold, but with nitrogm 
parole it forms phosphorus pentoxide and the lower oxides of nitrogen. No 
compound of mtroven jicroxide and phosphorous oxide is formed. Phosphorous 
oxide docs not react with phosphine— hot or cold. At ordinary temp., phosphorus 
trichloride and pho.sjihoruus oxide are miscible without reaction, and they can be 
separated by distillation ; if the mixture be boated in a sealed tube at 180 ^ for some 
hours, tbero is formed, not phosphoryl chloride, but a mixture of red phosphorus 
and phosjjliorus pentoxide and pentachloride. The reaction between phosphorus 
pentachloride and tnoxido is violent at ordinary temp., forming a product which is 
liquid when the ve.ssol is cooled by ice: P405+fiPW8=8P0Ul3-j-4P. According 
to L. Amat, phosphorous oxide and phosphorous acid react when heated forming 
solid hydrogen dijihosphide. F. Erailt and K. Neumann found that when arsenic 
is heated with plionphorous oxide for 6 hrs. in an atm. of carbon dioxide in a sealed 
tube at 2IK1 , the arsenic quantitatively displaces the phosphorus : 4As+P4l)a 
= 4 P+As 40 g ; antimony acts similarly. 

Cold or warm phosphorous oxide was found by T. £. Thorpe and A. E. II. Tutton 
to Lave no action on ethylene, carbon monoxide, carbon dioxide, or cyanogen. 
The oxide dissolves without reaction in carbon dikilphide, benzene, chloroloim, 
and ether. Although phos])horous oxide reacts very slowly with water at ordinary 
temp., it ignites when brought in contact with ethyl alCohol; and by allowing the 
leaition to proceed gradually in a well-cooled vessel, diethyl phosphite is formed : 
PiOa hB^^sHsOU— 2il20+4(H0)F(0C2M|)2, a reaction studied by T. £. Thorpe 
and B, NoriL 
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§ 17. PhosphoroiiB Add 

As indicated in connection with phosphorous oxide, phosphorous adds IIsPOs, 
inuBt have hecn known for a lung time as a product of the slow oxidation of 
phosphorus in inulst air. In 1777, 11. (t. Ic Sage^ described the character of an acid 
which be (ditiimed from the products of the slow combustion of phosphorus, and 
which had pro])eriies somewhat different from A. L. Lavoisier’s phosphoric acid. 
This acid liquid was at first confused with phosphoric acidj since it was assumed 
that dillureut acids were obtained by the slow and rapid combustion of phosphorus ; 
the one was at first called ttcidum phosphori per dejlagraiionem, and the other 
ucidum phosphori per ddiquium. These two acids were later distinguished as 
acidc phmtphoTuiue and acidc phosphoreux. B. G. le Sage obtained the liquid by 
exposing sticks of pho.sphuruB to moist air and collecting the liquid which was 
formed. The stick of phosphorus w^as very liable to inflame owing to the too rapid 
oxidation ; to avoid this B. Pelletiei enclosed each stick of phosphorus in a glass 
tube. Ill B. Pclletief s process for making phosphorous acid by the slow oxidation 
of phosphorus, caeh pencil of phosphorus was contained in a glass tube drawn out 
at one end to a fine orifice. These glass tubes, to the number of 30 or 40, were 
placed in a fuuucl tlie beak of which was passed into a bottle standing in a plate 
of water, and the whole was covered with a bell-glass with inlet and outlet for a 
small current of air. The phosphorus slowly oxidized, and the product deliquesced 
and dripped into the bottle. (J. F. Bucholz placed the sticks of phosphorus in the 
upper part of an inclined shallow dish kept at a temp, not exceeding 10°. The 
acid accumulates in the lower part of the dish, and amounted to over five times the 
weight of the phosphorus employed. Various ways of conducting this experiment 
have been discussed by A. Sommer, H. A. von Vogel, T, Salzer, P. Drawe, 0 . Bansa, 
and A. Boscuheim and co-woikers— infra, hjpophosphoric acid. The liquid 
obtained by B. Pelletier wao at first regarded as a special acid and called Vaoide 
phofqthaiique--phosphatic acid. U. J. J. Leverriei, indeed, suggested that this 
acid is a compound of phosphoric oxide and acid. As H. Davy expressed it in 
1B12, the acid per deliquium is a combination of phosphorous oxide and the aq, 
vap. of the air, and does not occur in air artificially dried. He added that the 
liquid is a mirture of phosphorous and phoq»horio acids. P, L. Dulong, and 
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L. J. Thenard tried to ahow that the process of oxidation comes to a standstill 
when a certain proportion of phosphoric acid has been formed ; but M. Pagela 
could not detect any such stationary stage — given sufficient time, the oxidation 
proceeds to the extreme limit. 11. Davy's observation that ordinary phosphatic 
acid is a mixture of phosphorous and phosphoric acids was confirmed ; and 
P. L. Dulong, and A. Sommer found that the liquid contains these two acids in the 
approximate proportion 1:4. H. Davy fisher observed that while solid 
phosphorus pent^hloride reacts with water giving phosphoric acid, liquid 
phosphorus trichloride yields a syrupy liquid which crystallizes slowly on cooliug, 
forming a substance with very singular properties and which “ may be called 
hydrophosphonms acid; for it consists of pure phosphorous acid and water.’’ 
H. Davy examined the properties of phosphorous acid ; and its relations with the 
hypophosphorous and phosphoric acids were established by P. L. Dulong in 1816. 

J. J. Berzelius made phosphorous acid by treating phosphorous oxide witli water 
^a reaction studied by T. E. Thorpe and A. £. U. Tutton, vide supra, B. I). Steele 
obtained it by the action of iodine on hypophosphorous acid (^.v.) in tlie presence 
of mineral acids ; and A. Besson, by heating the hemioxide with water in a scaled 
tube at 100“ : P 2 O+O 2 + 3 H 2 O— 2 H 3 POS. Phosphorous acid is also jiroJuced 
by the action of hot dil. nitric acid on phosphorus ; the objection to this process, 
said J. Conic, is the simultaneous production of phosphoric acid (;.v.), and this 
the more, the greater the cone, of the nitric acid. T. Salzer, and J. Philipp also 
reported that some hypophosphoric acid is produced at the same time. The early 
workers knew that the aq. soln. of phosphatic acid slowly decomposes, giving off 
phosphine, hence the faint smell like garlic. (•. F. Schbubem mentioned that 
freshly prepared phosphatic acid contains a trace of nitric acid as well as ozone. 
A. Tamm also observed that some phosphorous acid is formed when phosphated 
steel is dissolved in nitric acid. 

According to A. OppcTiheim, phosphorous acid is formed when ordinary 
phosphorus is heated with cone, pulphuric acid in a sealed tube at ; some 
sulpW dioxide is simultaneously produced ; and K. llother, and A. L. Ponndorl 
observed its formation during the action of sulphur dioxide on hy])ophnRphoruiiH 
acid; 2 H 3 PO 2 +SO 2 — S+^HaPOa. H. Schiff, K. M. Bird and S. H. Diggs, anil 
0. J. Walker observed that some phosphorous ucirl is prodin^ed when a sat. soln, 
of cupric sulphate is allowed to act on yellow phosphorus while protected from uir. 
Phusphorous acid is formed when hypophospliorous acid {q,v.) is oxidized by 
many metal oxides or salt soln. Thus, B. Engel observed this to occur during the 
action ol that acid on palladium salto , and U. J. Walker on silver nitrate soln. 
According to A. Michaelis, and A. Besson, in H. Davy's mode of preparing 
phosphorous acid by the action of water on phosphorus trichloride, the reaction 
with water is quite a complicated one ; the former imagined the reaction to involve 
the trio: (i) PCla+HsO^POCla+Ha ; (ii) POUlg+Ha^PCyOHj+lICl; and 
(iii) PCl 2 ( 0 H)+ 2 ll 2 O-H 3 P 03 + 2 HCI. A. Droquet recommended the following 
modification of H. Davy’s process so as to avoid the special preparation of trichloriil e 
beforehand : 

A cylinder, 30 cma long end 2’ 6 cma. in diameter, woe one-quarter filled with phosphorus, 
and threo-quartoTB with water, and then heated to the m.p. of the phosphunia. Cliloniie 
was then passed into the cylinder by means of a tube reacliing to iiie bottom. The chloiiiic 
firee the phosphorus, forming the trichloride which is deromposed by the euperincumbont 
water. When the water is saturated with acid it is replaced by fresh water. The 
phosphorus must be kept in ezom, or the pentachloride will be formed and tho product 
accordingly be contaminated with phosphoric acid. J. Como did not recommend this 
process because the formation of phosphoric acid cannot bo avoided. 

H. Grosheintz lecommeuded rapidly passing the vap. of phosphorus trichloride 
at 60° in a current of dry air through two wash-bottles each containing 100 c.c. 
of water at 0 “. In about 4 hrs., the contents of the first wash-bottle is a mush 
of crystals which can be drained, washed with ice-cold water, and dried in vacuo. 
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The mother-liquid is returned to the wash-bottle. T» Milobendakj and M. Friedman 
avoided the violent reaction of phosphorus trichloride and water in the preparation 
of phosphorous acid, by using cone, hydrochloric ocid in place of water. 
Phosphorous acid is formed when several otL'j: phosphorous halides — 
PBrs, Pis, P2I4, etc. — ^are decomposed by water or by compounds which contain 
the elements of water ; thus, A. J. Bala^ showed that it is formed by the action 
of water on the tribromide; L. Hurtzig and A. Geuther, by the action of 
phosphorous trichloride on oxalic acid heated in a flask fitted with a reflux 
condenser: PUl.|+3H2C204™UaP03+3C0-|-3C02+3HCl; and A. Qeuther, by 
warming phosphorus trichloride with phosphoric acid: PCl3-|-3llgP04-3HP08 
+H8P08+3HCl,orpyrophosphoricacid: PL'l3-|-3H4P207 -flHPOa hHgPOa+SHCl 
— some red phosphorus may be formed at the same time. 

D. Amato showed that some phosphorous acid is formed during the decomposi- 
tinn of spontaneously inflammable phosphine : 2rH3-|-3D2==2H3p03 ; 11. J. van 
de Htadt studied the conditions favourable for this reaction— ^1;^ supra, phosphine. 
A. Besson found that pliosphnrous acid is formed when sulphuryl chloride reacts 
with plios])]iinc ; T. E. Tiioqje and A. £. 11. Tutton, when hydrochloric acid acts 
on phosphorous diamide: II0P(NH2)2 f2HCl+2Fl20— 2Nfl4Cl |-H,P03 ; and 
A. Damoisciiu, when yellow phosphorus acts on hydriodic acid : 2P-|-HI-|-3HoO 
=^H3?03 ] PIU. . 

H. Davy ubliiiuod rrystuls of pliusphurous acid by evaporating the aq. soln. 
to n thin syrupy liquid, nnrl rouliiig it ; P. L. Dulong, and 0. A. Wurtz evaporated 
the solu. until deconijinsLtiun began, and aUoued the mass to stand in vacuo for a 
few days. H. Rose, and 0. F. Itammelsberg found that the thin syrup crystallized 
easier than the tliiek one. J. Thomsen evaporated the liquid with the temp, 
slowly rising to lrtO\ and found that the syrupy liquid on eooling crystiillized in 
a few hours -often in a few minutes. If the liquid be seeded with a erystal of the 
arid, the rold or umlercf^olod liquid crystallizes very quickly. 

The while or grey mass consists of colourless crystals. Aerording to 
^ J. Thomsen, 2 tlio fused arid has a sp. gr. I'Afil at 21-2'^. L. Hurtzig gave 74” for 
the m.p., and J. Thomsen, 7U*l”. Kor the ni.p, 
of mixtures of phosphorous and phosphoric acids, 
vide Fig. 33. II. Davy found that the crystals, 
nr cone, sola., decompose when heated into phos- 
phine and phosphoric acid. P. Vigier represented 
tlic reaetion by 4H3P()3-3H3p()4-|-Pilg ; and 
L. riurtzig and A. tieuthcr found that sonic red 
phosphorus may be formed by rapidly heating the 
acid. E . R. Dhar found that the decomposition of 
phosphorous acid into phosphine and phosphoric 
acid is retarded by mild reducing agents. The mol. lowering of the f.p. was found 
by F. M. Raoult to be 2-39” ; 8. Arrhenius gave 2'6”-3'U”. A. Italiener measured 
the lowering of the f.p. and the raising of the b.p. of water by phosphorous acid, and 
found that if f Tepresonts the molar cone, of HgPOg per litre, S0, the observed depres- 
sion of the f.p., or the observed rise in the b.p. ; k, the ionization constant assuming 
the molecule is H3PO3, and hi, the constant on the assumption that the molecule 
is (H3p03)2 ; and ii and the corresponding association factors : 


m 
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ture on the JilleDtrical PoikIug- 
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Witli the lowering of the f.p., if the moleculea are aioiply HgPO,, then in the leee 
dil. eoln. ionization occnia 0^', and with the more dil. soln,, 
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H 3 PQgT^ 2 H'+HFPa''. In that case, i should approximate to 2 with the less dil. 
Boln., and exceed this value with the more dil. soln. This is not the case. With 
the raising of the b.p., very little ionization occurs on the assumption that the mols, 
are simply HsPO^. These contradictory conclusions are explained by assuming 
that at least in the cone, soln. there is an equilibrium condition, 2 H;,P(^ v^(H 3 P 03 ) 2 ; 
and that the complex mol. is partially ionized, HeP 20 Q^H'+H 5 P 20 o", and 
ll 3 P 205 v^ 2 H'-f Outhrie found the eutectic temp, of arid and water to 

be —1*5°. E. Comec measured the lowering of the f.p. of a soln. of plinsphorous acid 

when progressively neutralized by sodium hy- 
droxide. As shown in Fig. 3^, there arc two breaks 
in the curve corresponding with the dibasicity 
of the acid. The results with phosphoric and 
hypophosphorouB acids are shown in the same 
diagram for comparison. Analogous results were 
obtained with aq. ammonia in place of soda-lye. 
E. Corner also measured the effect of the pro- 
gressive neutralization of phosphorous acid with 
potassium hydroxide, and with aq. ammonia, 
the effect on the index ol refraction of the soln. 
J. Thomsen gave 7*07 Cals, for the lieat of fusion 
Fig. 34. — ^Kffect of the ProgreBsive of phosphorous acid. The heat ol fnrin.aiion of 
Addition of wme Phosplioious the crystallized acid, (ll^P.Oa)^ 227-7U Unis.; 

nwRri^i thc fused acid, 224-63 Cals. ; and in aq. soln., 
I'oint of the Solution. 2— 7’ti7 1 als. The heat of soln. of n jl 0^ with an 

excess of water is 233 ('als., and of ll 3 P 03 . 3 llo(), 
152 Cals. The effect is zero with H 3 PO 3 . 4 OOH 2 O. The heat of neulrulization ff)r 
«H 3 P 03 aq -fNaOHari. is 149 Cals, for w=2; 148 Cals, for n--l ; 142 Cals, for 
w— 1 ; and 96 Cals, for L. Amat gave HaPOa-f-NaOH.- NaH«PO.,+HyO,nUj 
+25-2 Cals.; H 3 P 03 + 2 Na 0 H=Na 3 HP 03 + 21 Io()^iid+ll ‘6 Culs.;“and TljPO^ad 
-(-NaOIIni,.— NaHaPOaaii 4H20|,q,iii+14’B5 Cals. P. A. Favre and J. T. Silber- 
niann gave for the calorimetric eq. of phosphorous, phosphoric, and hyj) 0 - 
phosphorous acids, 2-91 ; 4-36 : 1 ; and for the heat of oxidation, 140-391 Cnla. 

F. Zecchini gave for the refraction eq. 26-04 with the /x-formula, and 15-17 
with the /x^-formula. U. Htolliug measured the X-ray K-absorption spectrum of 
phosphorous acid, and of its salts and di-csters, and found that the results agree 
with the assumption that the phosphorus is tervalcut with the solirls, and tnutomcrie 
quinque- and tcr-valent in soln. Phosphorous acid, the di-C'-ters, methyl phos- 
phorous acid, and ferric monopropyl phosphate have the structure ( 1 t.()) 2 : P().II ; 
sodium diethyl phosphite, (CgHfiOjo 1 PO.Nu ; silver diethyl phosphate, 
(C 2 HbO )2 : PO.OAg ; and monoacetyl phosphorous acid : 

CHa- .. 

0 - 


20 ^ eo ao 
Per cone, of base 


A. Miolati and E. Mascetti measured the effect of progressive adflition of sodium 
hydroxide and of ammonia on the sp. conductivity of phosphorous acid. W. Ost- 
wald gave for the mol. conductivity, at 25", for soln. with a mol of the acid in 
r litres : 

V . 2 4 B 16 32 U 12A 266 612 102 1 

fi . 129 156 187 222 252 2D2 31B 337 351 35H 


He represented the effect of temp, on the conductivity of normal soln. by Fig. 34. 
Observations were also made by A. Italiener, and A. Kosonbeim and J. Finsker. 
Comparing the results with the Afferent phosphorus acids ; 


V 

16 

32 

64 

128 

2R6 

512 

1024 

fFhosphorio add , 

124 

156 

196 

240 

279 

317 

341 

|HypopbQsphoric add . 

184 

199 

222 

246 

276 

304 

370 

Phosphorous add 

222 

257 

292 

318 

337 

351 

356 

illypophoBphorouB add 

245 

281 

312 

335 

862 

361 

307 
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A* Italiensr gave for tha hydrogen-ion cone, of soln. in which normality is represented 
by S 7'84 gnns. of the acid per litre : 

OhN^ 0-26J^- 0-lJV- OOlJy- O'OOSilT- 

[H'l , 0-2337 0-1303 0-0031 004108 0-005084 0-002877 

E. Blanc calculated for the ionization of constants of phosphorous acid 
and I- Knlfchoff found that the first ionization constant 

increases from 0*016 in 0 * 001 JI/- 8 oln. to C '062 in O'Uf-soln. ; and the second 
ionization constant K^, calculated from the U‘-ion cone, of mixtures of a 
secondary phosphite with hydrochloric acid is O’D^T at 1B°, The first stage of 
phosphorous acid titration may bo conducted with methyl-orange as indicator 
using a ooinp^ison solu. with pH— 3 * 85 . A sharp end-point for the second stage 
is obtained with thymolphthalein as indicator. Eor the anodic oxidation of the 
phosphites, vide ififrct, perphosphates. P. Pascal studied the magnetic proporties. 

Analyses of the acid by H. Davy ,3 and H. Bose agree with the formula II3PO3. 
C. A. Wiirtz found that the acid behaves as if it were bibasic. Tliis makes it almost 
certain that two of the hydrogen atoms are similarly disposed in the molecule, and 
diSerently from the third hydrogen atom. Accordingly, A. Lieben, F. C. Palazzo 
and F. Maggiacomo, and L. Amat inferred that the pliospborus is quinquevalcnt 
and is associated with only two hydroxyl groups, 0“J*11(OH)2, and not P(OH)a, 
where the phosphorus would be tervalent. T. Graham siipjiospd the acid to be 
tiibasic ; and in support of this, C. Ziinmermann mixed a soln. of 6 mols of sodium 
hydroxide with one containing a mol of phosphorous acid, and, by adding absolute 
nlcobol, precipitated a very viscid liquid, which was washed with alcohol until all 
the soda was removed. He said that considering the properties of the other 
alkaline phosphites it is not surprising that the viscid liquid cannot be crystallized. 
The soln. is strongly alkaline, and readily reduces soln. of silver salts. The ratio 
r : Na in the product was 1 : 3 , and hence it was infened that the soln. contained 
Na3r03. L. Amat, however, was unable to verify this, for the only salt he could 
obtain was OFU(UNa)20H2O. V. Auger's attempts to prepare normal sodium 
phosphite, NagPOs, by the action of excess of sodium ethnxide on an alcoholic 
solo, of phosphorous acid were unsuccessful, sodium hydrojdiosphite, Na22HP03, 
being the. only product. The dibancity of the acid with respect to sodium hydroxide 
is in ugreemeut with J. Thomsen's observations, who found that with 1, 2, and 3 
mols of the sodium hydroxide per mol of phosphorous acid, respectively 14 - 8 , 
28 ' 4 , and 28*9 Cals, of heat were evolved, increasing the j)ropurtion of alkali beyond 
that rorri'sponding with the formation of Na2nr03 produces no marked thermal 
effect, indicating that no further reaction ensues. The results with pyrophosplioric, 
sulphuric, sulphurous, boric, carbonic, and other acids agree with the basicities 
usually assigned to them. Consequently, if the mol. wt. of an acid be known, its 
piobablo basicity can be deduced from oUservatinns on the heat evolved when 
it is neutralized step by stop by means of an alkali. With metaphosphorous acid 
the results appear exceptional, for they indicate a monobasic acid ; this is explained 
by assuming that the aq, soln. of metaphosphorous acid is unstable because it forms 
the ortho-acid. According to L. Amat, phosphorous acid is monobasic with 
methyl-orange ; and dibasic with phenolphthalein and Porriofs sulphur-blue ; and, 
accoii^ng to A. Italieuer, monobasic with methyl-orange, and dibasic with j^-nitro- 
phenol, and a-naphthophtkalein. It exerts a slight reducing effect on p-nitiophenol. 

Phosphorous oxide is considered to be the anhydride of phosphorous acid; 
but B. Iteinitzei — vide supra, oxidation of phosphorus — ^raised the question whether 
this is really the case of the behaviour of l^e oxide when treated with water. It is 
not possible to Bay definitely whether the formula of phosphorous acid should bo 
written P(OH)3, 01 OPH(OH)2i since the evidence from different sources appears 
contradictory when examined from different angles. The formation of the acid 
from phosphorus trichloride points to the formula F(OH)3, and the dibasicity of the 
acid to the lormalaj 0 ; PU(011)3. The latter {ormula appears the more probable. 
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Uuder Bpocial coDditionB, the hydrogen directly attached to the phosphorus 
at^jm may have acidic properties, in the same way that the hydrogen of ammonia 
can be replaced by other radicles. Two isomeric iriiAliyl pAospAAej have been 
prepared, by B. Railton, C. Zimmermann, A. E, Arbusofi, T, E. Thorpe and 
B. North ; and by A. Michaelis and co-workers. The one obtained by the 
action of sodium ethoxide on phos])horus trichloride is supposed to be constituted 
F(OC2ll5]3, in accord with the equation : 


/Ci ‘NaO.C,H, OOjHb 

P'd + Na0.C,Hj-3Naa+P^''0(),H, 

Na'O.C,H, 'OC,H, 

It is accordingly referred to as symmetrical ethyl phos))kito. It is a liquid with 
a sp. gr. ()'9G0^ at 17°, it boils at 49” and b-9 mm., and reduces soln. of mercuric 
chloride. The other is obtained by the action of ethyl alcohol on phosphorous oxide, 
or by treating lead phosphite with ethyl iodide. It is a liquid of sp. gr. at 
21” ; it boils at 19B” and 7G0 mm. ; and docs not reduce soln. of mercuric chloride. 
It is referred to os unsymmetried ethyl phosphite, and is supposed to be con- 
stituted like ordinary phosphorous acid, 0— F(C 2^5)(OCoTl5)2. Phosphorous acid is 
prepared by a method analogous to that employed for the symmetrical acid, 
lienee, it is assumed that while there is a simple nictathrcal rL.nige when sodium 
clhoxide and phosphonis trichloride react, yet, in the case of whaler and phosphorus 
trichloride, it is assumed that there is an intramolecular change resulting in the 
formation of uiisymmetrical phosjihorous acid and an increase in the valency of 
the phos]ihorus. 

A. E. Arbusofi assumed that symmetrical phosphorous acid is first formed : 
rCl34 3H20=^P(0H)3-f 3HC1, where the phoB])h()rus remains Icrvalcnt. P. Pascal^s 
observations on the magnetic properties of the phosjihiti s agree wdt li the formula 
P(0H)3. The great teudeiiey of the compounds of teivulent phosphorus to 
form addition products has been emphasized by the work of A. E. Arbusofi, 
P. Rchiitzeubcrger, T. Uisler, and L. Lindet; but not so with the quinquevnlent 
phOiSphorus compounds. Aceoirlingly, A. E. Arbusofi as.sume<^ that the syromctrical 
phosphorus acid forms a eoiiiplex P(0I1)3H01 with hydrogen chloride produced 
by the reaction. This involves the restoration of the two latent valencies of 
phos])horus; the complex is unstable, then breaks down into unsymmetrical 
phosphorous acid without changing the valency of the phosphorus ; 


HCl I 




Tliis recalls the parallel case of the addition of hydrogen halides to the nnsoturated 
hydrocarbons observed by A. F. EltekoiT. As in the case of sulphurous and nitrous 
acids, the facts can also be eziilained by assuming the desniotiopic change : 


OH H 

PfOH 0=P''0H 

■'OH '^OH 

SymmetTicftl Add. UnBymmstrioal Add. 

This view is supported by A. D. Mitcheirs observations on the action of water on 
phosphorus trichloride {q.v.), and by 0. Stelling b observaiionH on the K-absorption 
X-ray bpeetnim. A. RoseiihrJiii and A. Itnliciier found that the depression of tbs 
f.p., and the elevation of the b.p. of aq. soln. agree with the assumption that 
phosphorus acid has the consHiution H4(p20||H2) in complete analogy with H4(P2G7) 
for pyrophosphoric acid. There is thus a complete set of ions : 

po* ■ HPo,- HbTO.- h,po ph; 

XtMphste, i'LnpbJto. Hyj'ophoflpiiite, Fbobplilue oxide. Fboepltfinlum. 
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0. Oddo diBcussed this reaction as an example of what he calls mesciiria, t.s.| 
mmhyiry. L. Leudle, and 6. Schick infened that barium phosphite exists 
in iBomeiic forms because of the difEerence in the reducing properties of the 
phosphites prepared at high and at low temp. The iow temp, form was said to 
be the most active, and to it was attributed an aldolic structure ; while the enolic 
structure was assigned to the less active form prepared at the high temp. : 


AlduHbWIuin phMphite. 


HO-P<">Ba 

Enoilo barium ptaosphito. 


The inversion fiom one form to the other was supposed to explain the maximum 
attained by the conductivity curve, Fig. 33. II. Gorke showed that there is no 
need for this hypothesis to explain the facts. The salt prepared at the low temp, 
may have a trace of impurity, say barium hydroxide, which accelerates the reduction, 
and that prepared at the higher temp, may be an acid salt or contain a trace of 
phosphoric acid which retards the reduction. H. Burgarth, 11, Semy, and 
T. hi. Lowry discussed the electronic structure of phosphorous ^cii—vide supra, 
phosphoric acid. 

P. Schulz found that phosphorous acid or the phosphites act on the nerve centres 
and abdominal glands. The thennal decomposition of phosphorous acid into 
phosphine and phosphoric acid: 4ll3P03=3IlgP04+PIl3 — vide ^7i/ra, phosphites— 
was fouTid by N. R. Dhar to he hindered by mild reducing agents. L. Dusart said 
that while hydrogen has no reducing action on phosphorous acid, hydrogen in 
stalu nascendi reduces the acid to phosphine. The cryshillized acid deliquesces 
in air producing a culouilehH liquid. The cone. aq. soln., said (J. A. Wurtz, should 
be pruLerted from ail on account of their tendency to take up oxygen ; but J. L. Gay 
Lubsac obser\Trl no tendency on the part of the pbosphites to absorb oxygen from 
the air. B, Luther and J. Plotnikoff found that the reaction n3P03-|-i02=HsP04 
is iminca.surably slow in the absence of iodine as catalyst -either in darkness or 
m light ; but in the presence of the catalyst iodine, reaction proceeds in light. 
The reactions iQ\ olved are (i) 2ill+0=l2+H20, a change which is slow in darkness, 
but rapid in light; and (ii) H3P()3+H20+l2^Il3P^^4+^HI, a reaction which 
takes place rapidly, and is not affected by light. W. Omeliansky showed that 
the organism which converts nitrates into nitriks does not oxidize sodium 
phosphite or sulphite. II. Wieland and A. Winglcr found that aq. soln. of 
phosphorous acid do not absorb oxygen, but do so in presence of palladium blnck, 
pbosphorio acid resulting. Charcoal does nut act like palladium. Soln. with 
anhydrous, dry palladium black does not cause the absorption of oxygen in dry 
ethereal soln., whereas, on admitting traces of water, reaction proceeds rapidly. 
Similarly, palladium black, p-benzoquinone. and phosphorous acid do not interact 
in absence of water. It is therefore concluded that the reducing action of phos- 
phorous acid is due, not to its absorption of oxygon, but to the loss of hydrogen 
from a hydrate, which is the active form: 0 : PH(0H)2">PH(H0)4-»2H 
+0 : P(0H)3 . a. Italiener measured the solubility of the acid in wato, and 
expressing the results in grams of II3PO3 and F3O3 per 100 grma. of soln. : 


H.PO, - . 76-68 82-00 82-64 84-12 8500 87-42 

F.O, , . 60-7 66-00 66-44 60-43 57-02 68-64 

The solubility is thus very great, and in the interval between 0° and 40^ there is 
DO sign of ilie formation of a dehnik hydrate. H. Rose observed no development 
of hydrogen when the plioapliilcs are boiled with alkali bydlOXidOBt A. Italiener 
sLuilicd the titration of phosphorous acid with alkali-lye. 

11. Wieland and A. Wingler found that bromine docs not react in dry ethereal 
soln. witli phosphorous acid ; but the reaction is rapid if a trace of water be present. 
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According to 0 . Ordinaire, when a mol of phosphorous acid is heated with i gram- 
atoms of bromine, there are formed hydrogen bromide and not phosphoric acid, 
bnt rather m(m€bron^h(^horou 8 tu^ as a deliquescent, crystalline substance, 
soluble in ether ; chlorine at 100° acts similarly, producing manoohlorophosphorous 
acid, Q. Oustavson found that when a mixture of phosphorous acid and 
bromine is heated in a sealed tube to 100'', phosphoric acid is produced : with 
2 gram-atoms of bromine per moL of phosphorous acid, metaphosphoric acid 
is formed ; H3F03+Br2=Hr03-|-2HBr ; and with 6 gram-atoms of bromine to 
4 mole of the acid, orthophosphoric acid is formed ; 4H3FOs+3Br2=PBr3-|-3HBt 
+3H3FO4. W. Manchot and E. Stciidiauser observed that bromine in the 
presence of hydrochloric or sulphuric acid docs not oxidize phosphorous acid 
completely, but in the presence of sodium hydrocarbonate, immediate oxidation 
occurs, showing that sodium hj^obromitc is probably the active agent. I. M. Eolt- 
hofi found that the oxidation of phosphorous acid by bromine goes very slowly 
in cone, acid soln., but rapidly when the soln. is buffered to an acidity of 
to 6. A. Bommer discussed the oxidation of phosphorous acid by bromine, 
obtaining hydrobromic acid as a by-))roduct : Br2H-U3f'G3+H20=2HBr-|-H3p04. 
G. Gustavson observed similar reactions with iodine : with a small proportion of 
iodine, metaphosphoric acid and phosphorus diiodide are produced ; with a mol of 
the acid and a gram-atom of iodine, some iodine remains unatiacked ; and with 
double the proportion of acid : 8H3P(X,-|-r»l— ()Tl3P04-f2HH-PH4l-f PI2. 

According to J. Thomsen, chlorine- water, bromine- water, or iodine-water oxidize 
the acid to phosphoric acid, and the oxidation is fastest with bromine water. 
E. Rupp and A. Finck found that soln. of phosphorous acid react only slowly with 
iodine, but if the liberated hydriodic acid be neutralized by sodium riirbonatc present 
in the soln., the oxidation proceeds more quickly. W. Federlin said that the oxida- 
tion of phosphorous acid by iodine proceeds very slowly in acidic soln., and is a 
reaction of the second order. According to B. D. Bteele, two reactions of essentially 
different character occur between iodine and phos])hnrous aeiil, one of which pre- 
ponderates in more strongly acid soln., and the other, in the presence of feeble 
acids, such as acetic and boric acids. TJie former of these reactions is catalytically 
accelerated by the presence of hydrogen ions, and the velocity is proportional to 
the concentration of phosphorous acjd (or of the phosphorous ion) and to the 
square root of the concentration of the iodine. I'his is taken to mean that reaction 
takes place between phosphorous acid mols. (or ions) and iodine atoms, the latter 
l>eing supplied in extremely small, but sufficient, quantity by the dissociation of 
the iodine mols. There is a slight apparent retardation of the reaction velocity 
by the iodine. The second reaction occurs in the presence of salts, such as sodium 
acetate, bicarbonate, or biborate, and it is very complex ; it is accelerated by the 
presence of phosphorous arid or of sodium acetate, and retarded by the presence of 
iodine or of potassium iodide. A. D. Mitchell showed that the reaction with iodine 
and phosphorous acid involves the reversible transformation of two forms of phos- 
phorous acid, the a- or normal form and a jS-form ; ; and it 

involves the J2-molcculp, and the V-ion : a-H3p(^+l2-| TI2O- 21Il-hH3P04, and 
^-Il3P03-t-l2+N20=H3r04-f2H‘+V- The Il-ions repress the former, and 
accelerate the latter, but this acceleration is probably only indiieci, and due to the 
acceleration of the equilibrium between the two forms of the acid, as in the case of 
hypophosphorous acid. The mechanism of the repressing effect has not been 
elucidated. The reaction was also studied by £. 1 . Orloff, A. Brukl and M. Behr, 
M. Boyer and M. Bauzil, and T. F. Buchrer and 0 . £. Schupp. C. A. Wurtz 
found that hypoddorites oxidize phosphorous acid to phosphoric acid, and H. Davy 
observed that hypodlloroiis acid acts in the same way, and that when the acid 
is warmed with iodio add, iodine and phosphoric acid are formed, but he obtained 
what ho regarded as a compound of phosphorous and iodic ojcliB^hosphUoiodio 
add- -by mixing aq. soln. of the two acids. The yellow product could be sublimed. 
G. S. B^ruUas doubted the existence of this as a chemical individual, although 
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C. W. Blomstnuid made a number of analogous complex acids. D. Vitali found 
that phosphorous acid reduces iodatea with the liberation of iodine which is then 
redissolved as hydriodic acid— tiie borates and tomates are not reduced by 
bhe acid. A. Brukl andM. Behr determined phosphorous acid by determining the 
iodine liberated by it from phosphorous acid. 

P. Wohler represented the action which occurs when sulphurous acid is warmed 
with phosphorous acid: 3H8p03+H2S03=3fl3P04+H28 ; and the hydrogen 
sulphide then reacts with the excess of sulphurous acidi forming pentathionio acid 
and sulphur ; and A. Cavazzi symbolized the reaction at 60°-70° by 
2ll3P0^+H2S0i=2H3P04+8+H20. C. F. Bchunbein mentioned that the pro- 
duct of the reaction quicldy decolorizes a soln. of indigo blue ; and L. Maquenne 
said tliat some hyposulphuious acid is formed at an intermediate stage in the 
reduction of the sulphurous acid to sulphur. C. A. Wurtz found that hot cone, 
sulphuric add oxidizes phosphorous to phosphoric acid, Aceoiding to R. H. Adie, 
anhydrous phosphorous acid dissolves quietly in cone, sulphuric acid without 
forming an insoluble compound. The mbeture when warmed gives ofi sulphur 
dioxidoi and contains phosplioric acid only. When anliydrous phosphorous acid 
was dropped into sulphur trioxide, there was a great development of heat, accom- 
piiniecl by the formation of suljthur dioxide and some sulphur. A bine, oily 
cfunpound separated out in small quantity from the trioxide, which was itself 
eoloured a fine indigo-blue. At the high temp, produced by the reaction, the phus- 
phuTOUs acid reduced some of the iiinxide to sulphur, which dissolved in the 
trioxido to form blue siil])hur sesquioxide. The phosphorous acid is almost com- 
pletely oxidized, by Ihe reduction of the trioxide in the cold, tu sulphur dioxide, 
and, if warm, to sulphur dioxide and sulphur, forming the compound 
ILFU4,38C)3, or (R()3H)r04, sulphonyl phosphate. W. Fcderlin found that the 
reaction between potassium persulphate and phosphorous acid is very slow, but 
in the preseneo of hydriodic acid, the reaction proceeds with ineasuralde velocity 
- presumably in two stages : (i) the oxidation of the iodide to iodine by the per- 
sulphate, and (li) the oxidation of the phosphorous acid by the iodine. Iron and 
copper salt? accelerut*' the reaction. The effect of varying the f*oiic. of the reaction 
coubtitueuts, and the temp, was examined. A. Gutbier found that seleiUOUS ECld 
is reduced to selenium, and tcUuroUS add to tellurium. H. Davy found that 
phosphorous acid is oxi^zed by nitric add to phosphoric acid ; A. Joly, that the 
acid reacts with metaphosphoiic add, fornimg pyrophoaphnrio ucirl and hydrogen 
diphosphide ; and L. Amat, that the acid forint hydrogen di])]iOn]>hide when heated 
with phosphorous oxide. A. Naquet observed that when the acid is heated witli 
phosphorus trichloride it forms phosphoiouB oxide, but K. Eraut lejirpsented the 
reaction: Rl3+4H3r03— 3H3PO4-I-2P+3IICI ; A. Gniiiicr said that with the 
crystallized acid and phosphorus trichloride in a seuled tube at an oxyhydrido 
is formed: llPCls+^TnaPOa- 4P4U0-HlIl4po07H-;i3Tin; nt llK)^ red 
phosphorus is produced : 3P4H0+PUl3-[-3H3r03=3H3l^04-|- 3H01+13P ; and 
at 170°, 3PCl3+7ll3P03=4P-|-3Il4P207-f 9tlCl; A. Besson represented the 
reaction with a cone. soln. of the acid: POla-fHaPOj^SHDl-l-PaOa, and 
2P.»03--P.20+P205 ; while A. Geuther said that the reaction is best symbolized : 
H3P03-f2PCl,=3P(0H)Cl2; 3P(OTI)Cl2--3POCl-|-3ll(a; 3P0^'l-P203+PCl3; and 
3H3p03+r20^=3Lr3r04-f2P. llc also represented the action of phosphorus 
pcntachloride ; ^PP3-|-3PCl5=PCl3+3POCl3-|-3HCl--the phosphorus trichloride 
reacts as just indicate, forming red pliosphorus ; while the phosphoryl chloride 
reacts: 3P0Cls-f21faP03=3HP03+2PCl3-f 31101. E. Chambon found that 
phosphoryl dichlorobromide does not produce phosphorus dichlorobromide, but 
a mixture of phosphorus trichloride and tribromide as well as hydrogen chloride, 
and metaphosphoric and orthophosphoric acids. B. Griitzner found that phos- 
phorooB acid reacts with uitimoiiy trioxide, forming auUmonyl phosphite, and 
with bismuth hydroxide, forming bismuth ^hDS})hite. 

T, B. Thorpe aud B. North prepared diethyl phosphitei P(OH)(OC2nB)j— 
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9 Upra>—hj the action of well^cooled phosphorous acid and aloohol ; the reaction 
with different alcohols was examined bj A. Sachs and N. Levitsky ; with glyoendi 
glycolt and nuumite, by P. Carre ; acetyl chlnride, by N. Mensrhutkin ; acetic 
antaydride, by V. Wedeusky ; diaaoettianei by F. 0 . Palazzo and F. Haggiaromo ; 
etc. According to A. Italiener, it has a slight reducing action on the indicator, 
p-nitrophenol. 

According to C. F. Bammelsberg, sob. of copper salts are decolorized by an 
excess of phosphorous acid, and cuprous oxide is precipitated ; with the copper 
salt m excess, copper is precipitated : 3H3P03-hGuS04-|-3H20=3H3P04+H2S04 
+CU+2H2. According to L. Vanmo, if a 10 per cent. aq. sob. of copper sulphate 
be mixed with phosphorous acid so^-lye produces a turbidity which clears up 
when more of the alkali-lye is added. M. Major said that the reliction between 
copper salts and phosphorous acid is completed with the development of hydrogen; 
and no bteimediate stage can be observed m the reduction to the metal. 
A. Sieverts, and M. Major represented the reaction : CuS04+Hjr()3-|-H20=Cu 
-hHsP04-| H2SO4 ; they found that cupric chloride yields ciijirous chloride. 
C. A. Wurtz, A. J. Balard, and 0 . von der Pfordten found that sUver soils oxidize 
phosphorous to phosphoric acid with the precipitation of the metal ; 
if the silver salt is in excess, C. F. Rainmelsberg represented the 
reaction : AgN03+H204-H3p03— Ag+H-fHNl)3+Il3P04. L. Vanino found 

that silver salts do not behave like copper salts when tiedtod ns iiulirated above. 
A. Sieverts, and M. Major could detect no bterinediate product of the reduction, 
and no hydrogen was developed; he represented the react inn; liAgsPOi 
+3NaH2P0343n2G=6Ag-|-2H3P04-(-3NaH2p04. A. Sieverts found that sob. 
of silver nxide m potassium cyanide sob. are not reduced by phosphorous acid. 

A. J. Balurd, and C. A. Wurtz observed the reduction of gold Bolts to the metal 

by phosphorous acid; A. Sieverts, and M. Major represented the reaction; 
2AuCl3+3H3p034'‘lH20— 2AU+3H3PO4 L. Vanino found that with 

glkylinfl earth S^tS clear sob. arc obtained by the treatment ho employed for r opper 
salts — vide supra. 0 . A. Wurtz, and A. J. Balanl found that mercuric salts me 
reduced by phosphorous acid to mercury; if an excess of mercuric chloride is used, 
mercurous chloride is precipitated. C. Montcmartini and U. Egidi represented 
the reaction : 2Hg(''l2+H3P03+H20=2HgCl+2HCl-|-HgP04, and thus considered 
it to be of the third order, but the velocity constants were not concordant, and thc\ 
attributed the discrepancy to some unrecognized disturliance ; J. B. Garner and 
co-workers did not succeed b clearing up the difficulty ; then 6. A. Lmhart showed 
that the reaction is of the first order with respect to mercuric chloride, and the 
whole reaction possibly occurs in two stages : Ilgri24-H3p03=H01-|-HgUl-f H2PO3, 
followed by 2H2P0a+H20--H3r04+H3P03. The latter reaction is much more 
rapid than the former. The reaction is accelerated by acids. The reaction was 
also studied by A. Lmhart and £. Q. Adams, N. K. Dhar, W. Federlin, and 

B. U. Steele. According to A. J). Mitchell, there is first a reversilile reaction between 
the ordinary a-form of phosphorous acid and a jS-form : a-H3P03^j3-H3pU3, 
which is accelerated b both directions by H-ions and j3-HgP()^-|-}fgCl2-|-UaO 
=Hg+H3P04-f2HCl, followed by the instantaneous reaction Hg+HgCl2-Hg2CJl2* 
In the absence of extraneous Cr-ions initially, the reaction HgCT-fa-HsPOj 
-f H2O^H3p04+Hg-|-2H'-|-Cr preponderates until the accumulation of Cr-ions 
reduces it to a lower order of magnitude. With low cone, of H'-ions (i.e, in the 
presence of an excess of sodium acetate) another instantaneous reaction occurs ; 
and yet another, llgCL -|-a-H3pC^^X+H'-f 01 ', where X represents an intermediate 
compound. The losultant reaction is therefore compounded of a side and enu- 
secutive reactioiiH. The reaction was also studied by U. M. Purkayostha and 
N. U. Dhar. B. Grutzner observed that colloidal alnmina forms a basic phosphite 
when treated with phosphorous acid ; and that chromic salts are not reduced to 
an appreciable extent by phosphorous acid, and chromic hydroxide dissolves in 
the acid. N. B. Dhar found the reaction to be unimolecubr with respect to chromic 
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acid when an exccsaa of phosphorous acid is present. C. A. Wuriz, and A. J. Balard 
found that dlTOmates are quickly reduced by phosphorous acid ; W Gibbs found 
that phosphorous acid forms complex salts with molybdeDom faioside, and with 
tungsten trioxide. A. J. Balard, and C. A. Wurtz found that phosphorous acid 
reduces the pormanganates. L. Amut found the speed of the reduction proceeds 
more quickly the more cone, the soln., the more acidic the liquid, and the higher 
the temp. The reaction is incomplete at ordmary temp. 0. Kiihling represented 
the reaction i 3H5P03-|'I2KMn0^'=3lTgP04“f‘2Mn02^H2^ J and J, Pinsker 
studied the reaction. According to L. Vanino, bEnros leirio salts, like copper 
salts, form clear soln. when treated as indicated above. B. Griitzner found that 
freslily precipitated ferric liydroxide forms ferric phosphite when treated with 
phosphorous acMd. M. Major found that at nO", nickd is dissolved by phosphorous 
acid. A. Sic verts found that cobalt salts and nickel salts are not reduced by 
phosphorous acid ; B. Grutzner showed that cobalt and nickel hydroxides dissulve 
in the acid without reduction ; and L. Vanino, that soln. of cobalt and nickel 
sulphates behave like those of copper sulphate- mip supm. A. Sieverts found 
that palladium salts arc reduced in the cold by phosphorous acid. 


BErZSXNCKS. 

1 n. Davy, Phil TraM , 102. 405, 1812; 108. 316, 1818 ; P. L. Diilong, ffAnuea, 
8. 405, 1SL7 ; Ann. (him. Phyb., (2), 2. 141, JBIO; Phil May., 48. 271, 1B16; Ann. PhU., 11. 
134, 1818 ; V. A. WuHz, Compt. Rend., 18. 702. 1644 ; 21. 149, 354, 1845 ; Ann. Chin. Phya., 
(3). 11. 250, 1844; (3), 16. 100, 1846; J. J. Berzelias, (Hlhiri'ti Ann., 58. 303, 1816; 54. 31, 
1816; Ann. (him. Phi/s., (2), 2. 15L, 217, 329, 1810; (21. ID. 278. 1810; L. J. Th^nurd, tb., 
(1), 81. 100, 181-J ; (I), 85. 220. 1613 ; U. J. .1. Loverrin, ih., (2), 65. 276, 1837 ; A. J. BaUrd, 
lb., (2), 32.337, 1820; K. Pellrtlier, tb., (1), 14. 113, 1792, T.B. Thorpe and A. £. H. Tutton, 
(%m. New, 61. 212, 1890 : 64. .304. 1891 ; Joum. Chm. Soc., 57. 545, 1890 ; 59. 1019, 1891 ; 
B. D. tb., 91. 1G41, 1907; V. F. lUmmoIoherg, Pogg. Ann., 181. 263, 359, 1807; 182. 
4S1, 1667 ; H. Rosr, ib., B. 205. 1826 ; 9. 23, 215, 1827 ; C. F. Bchonbem, ib., 99. 473, 1866; 

A. Droquot, Joiirn. (him. Med., (1), 4. 220, 1828 : A. Rommer, Joum, Son. Chen. Ind., 4. 674, 
1885 ; J. Inrnn, Joinn. Phnmi. I him., (4), 27. 100, 1878 ; A. Tamm, H(aM Enen, 7. 627, 1887 ; 
J. Philipp, Bf'r.. 16. 740, 1883 ; A. Michaelis, ib., 8. 004, 1875 ; J. Themson, ib., 7. 996, 1874; 

B. U. 1( Rag«% Mtm, Acad., 321, 1777 ; A. L. Jjavuioier, tb., 65, 1777 ; K Bngd, Compt. Rend., 
no. 786. 1890; A. Joly, ib., 101, 1068, 1686; A. Beoson, tb., 122. 467. 1896; 124. 763, 1897; 
A. Dauioisnau, ib., 91. 883. 1860 ; M. Fagels, Journ. prakt. Chem., (1), B9. 24, 1866 ; K. Kotbor, 
Pham. Jovrn , (.3), 10. 286, 1879 ; P. Drawe, Eintge neue Salze tfpr UntirpJiQ^phnrHOvrt, Rostook, 
1888; Bff,, 21. .3401, 1888; A. Rosenheim, W. Stadler, and F. Jacobsobn, ib., 39. 2838. 1906; 
A. L. Ponndorf, Jena, Ziit., (2), 3. 46, 1676; A. Guuiher, tb., (1), 7. 380, 1873; Journ. prakt. 
Chem., (2), B. 359, 187.3; L. Hurtzig and A. Qeuter, ib.. 111. 170, 1669; L. Hurtzig, Eimge 
lifitrage zur nahren Kinnlnisb der Sauren des Phosphors und Arsmks, Gottingen, 1859; 

0. Rtolling, ZfU. p/iv<f. (hem., 117. 161, 176, 194, 1925; R. M. Bird and S. H. Diggs, Jtmm. 

Amer. Chem. Roc., 86. 1382, 1914 ; 0. J. Walker, Jonm. Chem. Soc., 129. 1370, 1926 ; £. Blano, 
Joum. Chim. Phys., 18. 28, 1020 ; A. Miolati and £ Maecetti, Qazz. Ghim. Hal, 81. i, 93, 1001 ; 
T. Miloboudzky and M. Friedman, Cbefri. Ptdaki, 15. 70, 1917 ; H. A. von Vogel, tb., (1), IS. 
55, 1838; C. Banaa, Zid. anorg. i^hem., 6. 128, 1894,- A. (Javazzi, Gazz, Chim. Hal, 16. 169, 
1880; D. Amato, ib., 14. 68, 1884; A. Opponheim, BuR. Boo. Chim, \2). 1. 163, 1864; 
H. Grosherntz, tb., (2), 27. 433, 1877; J. (*avaher and £. Comeo, tb., (4), 5. 1058, 1909; 
H. Buhiff, Ltebt^’tf Ann., 114. 200, 1660 ; T. Saizer, tb., 187. 322, 1877 ; 211. 2, 1882 ; H. J. van 
de Rtadl,£eir.p5y/i. Chem,,!^. 322, 1893; C. F. Buoholz, Trommsdorff'B Journ., 12. 31, 1804 ; 21. 
105, 1812 ; A. ItaUener, zur KenifUmtt der pho^phongen Sam und xhrer Sahe, Freiburg 

1. Br., 1917; A. Rosenheim and A. ItaUener, ZeiJt. anorg. Chem., 129. 196, 1923; £. Comec, 
Ann. Chim. Phya., (8), 29. 490, 1913 ; (8), 80. 63, 1913 ; Contribution d VUude phyatcochmtgve 
de la neutralization, Paris, 1913 ; Compt. Rend., 149. 676, 1009. 

■ L. Hurtzig and A. Geuther, Luhig'a Ann,, 111. 170, 1859; L. Hurtzig, Einige Beitrdge 
wr noAcren Kenninisa der Sdvren dea Phoaphora uni Araemka, Guttingen, 18^ ; J. Thomsen, 
Her., 8. 187, 1870 ; 4. 308, 686, 1871 ; 7. 996, 1874 ; Joum. prakt. Chem., (2), 2. 160, 1870 ; (2), 
11. 133, 1876; Pogg. Ann., 88. 349, 1853 ; 90. 201, 1853; 140. 68, 497, 630, 1870; 148. 354, 
497, 1671 ; Ltcbtg'a Ann., 88. 141, 1653 ; Zeit. Chem., (2), 6. 633, 700, 1870 ; Thermochemiaehe 
Unlerauchungen, Leipzig, 1. 195, 297, 1882; L. Amat, Ann. Chm. Phya,, (6), 24. 319, 1601; 
Sur lea phobj^tiea et ka pyrophoaphites, Farii, 1691 ; (''ompl. Rend., 111. 676, 1890 ; P. A. Favre 
and J. T. Bilbermann, Journ. Phzirm. Cfurn., (3), 24. 241, 311, 412, 1663 ; H. Ruee, Pogg, Ann., 
8. 206, 1826 ; 9. 23, 215, 1827 ; N. K. Dhar, Zed. anorg. ( hem., 144. 289, 1026 ; B. Arrhoniiu, 
Zet(. phya. Chem., 2. 496, 1888 ; A. Hantzsoh, tb., 86. 63, 1001 ; F. M. Raoult, tb., 2. 469, 1686 ; 
A. Koseulioiffl and J. Pinsker, Ber., 43. 2003, 1910; F. Guthrie, PhU. Mag., (6), 6. 36, 1678, 



910 


monaxmo Aism fs&ommxL mmamr 


C. A. WortE. Cimpt, T^ptuT., 18. 702. 1844 ; 21. 140. 354. 1845 ; Ann, CAiVn. Phj/s,, (3). 11. 250, 
1844 ; (3), 16. 100, 1846 ; P. L. llulonR, tf ircutil, 3. 405, 1817 ; Ann, Chim, (2), 
2. 141, 1816; Phil 48. 271, 1816; Ann, PAtl, 11. 134, 1818; E. Corneo, Ann. CAtm. 
PhgB,, (6), 28. 400, 1913 ; (8), SO. 63, 1013 ; ihn^ribvfiQn d VUtide physieorhimique de la neutraliza- 
tion, Paris, 1013; Compt, PemL, 149. 676, IDOO; W. Ostwald. Joum, praht, Chem., (21, 81. 
456, 1885 ; LeArAffcA der aUgemeinen Chemip, Loipzi;r, 2. i, 701, 1003 ; A. Italioner, Beiii^z zur 
Ketintnia der phmphoriqtn Sdure U7id ihrer Salzf, Freiburg i. Br.. 1917 ; V. Zerohini, Qazz. Chim. 
ItaLf 23. i, 07, 109, 1896; Afti Accad. Lincri, (5), 2. i« 31, 1806 ; F. Vigier, JiuU. 8 og. Chim., 

(2) , 11. 125, 1809 ; Ann. Chim, Phys., (4), 11. 389, 1807 ; E. Blano, Journ. Chim, Phya,, 18. 
2^ 1920; 1. M. Kolthuff, Eec, Trav. Chm. Pays-Jias, 46. 350, 1927; P. Pascal, Jiev, Cin, 
Seiencf, M. 388, 1923 ; f'ofnp^. Btnd,, 174. 457, 1022 ; H. Davy, Phil. Trans., 102. 405. 1 812 ; 
108 316. 18LM; A. Miolati and E. Mnsoctti, Cazz. Chm. Ital„ 81. i, 9.3, IDOL 

* A. Cavoxzi, Otaz, Chim. Jial, 16. 169, 18H6; C. Montomartini and U. Egidi, ib,, 32. ii, 
182, 1902 ; F. 0. Palazzo and F. Maggiaoomo. ib., 38. ii, 1 15, 1908 ; Atti Accad. Linsei, (6), 17. 
i, 432, 1908; G, Oddo, ih., (6), 15. ii, 500, 19UG; F. Wohler, Liebig's Ann., 39. 252, 1841 ; 

K. Kraut, ib., 158. 3.12, 1871 ; K. Luther and J. Plotnikoff, Zeit, phy^, Chm., 61. 613, lOOH ; 
W. Foderlin, ib., 41. 570, 1902 ; A. Gutbicr, Zeit. nnorg. Chem,, 41. 448, 1004 ; A. Sicvorts, ib., 
84. 29, 1»09 ; A. Geuihor, Jena. Zeit. 8uppl., (2), 3. 104, 1876; E. Fhambon, i6., (2), 8. 92, 
1876; W. Gibbs, Proc, Amer, Aoid., 18. 232, 1883 ; Chm. Nruoa, 48. 155, 1883 ; Amtr. Chein. 
Journ., 4. 377, 18S3 ; 5. 361, 391, 1883 ; J. B. Gamer, J. E. Foglesong, and IL Wilson, tA., 46. 
301, 1911 ; J. 11. Gamor, ib., 46. 649, 1911 ; L. Vaniuo, PAanri. Cenirh., 40. 637. 1899 ; 1). Vilali, 
BdU, Chim. Pharm.. 38. 201, 1899; G. F. Hammelsberg, NihJ^cr, Akad. Berlin, 5.17, 1866 ; Poaq. 
Ann., 121. 263. 354, 1S64; 181. 263, 359, 1867; 132. 481, 1867 ; Journ. Chem. Bor., 26. 1, 13, 
1873 ; K. II. Adie. id.. 59. 230, 1801 ; U. KniUon, ih., 7. 216. 1856 ; B. D. Steele, ib., 93. 2203, 
1908 ; T. E. 7'hnrpo and H. North, ib., 57. 634, 1890 ; Chm. News, 61. 272, 1800 ; B. Griitzncr, 
Arch. Pharm., 235. 693, 1897; V. Wodensky, Journ. ItwiJi. Phf^. Vhem. Boc., 20. 29, 18S9; 
A. Sachs and N. LcTiial^, ib., 35. 211, 1903 ; A. K. Arbusoff, tA.,‘S7. 1171, 1905 ; 88. 161, 293, 
687, 1905 ; A. P. Eltekoff, ib., 0. 163. 235, 357, 1H77 ; H. Davy, PAi7. Trans., 102, 405. 1812 ; 
108. 316, 1818; 0. A. Wurtz, Compl. Bend., 18. 702, 1814; 21. 149, .754, 1845; Ann. Chm. 
PAy^., (3), 14. 250, 1844; (3), 16. 190, 1840 ; P. L. Dulung, (TArnrciY, 3. 405, 1817 ; Ann. 
Chm. Phyu (2), 2. 141, 1816 ; Phi. Maq., 48. 271, 1816 ; Ann. Phi, 11. 134, 1818 ; U, Goiko, 
Ufher die angtbhcihm Jtameneen bei Phosphtfen uvd llypophoiphiten, WcirJa i. Th., 1005; 

L. lifindlo, J^eber Isomerieersrheifiungen bet Phosphten, Wurzburg, 1902; Znl JSlclfrvrh/n., 

8. 484, 1902; G. Sohick, Cehr Isomeriferacheinungen hi IJypophosphten ; zvr Jifnntnis tftr 
Phosphinr, Wurzburg. liH)3 ; L. Dusart, Compt, Bend., 43. 1126, 1856 ; 0. Ordinaire, ib., 64. 
363, 1867 ; A. fSautier, ib., 76 49, 173, 1873 ; V Augur, ib., 139. 639, 1904 ; P. ('ant^, ib., 133. 
682. 1901 ; 137. 517, 1.903 ; Bull Bw. Chtrn., (3), 27. 261, 1!K»2 ; Ann. ( hm. Ph/^., (8), 5. 345, 
1905 ; G. N. ScniUoa, ib., (2), 43. 11.7, 2M, 211, 210, 18,70 ; (2), 45. 59, 1830 ; L. Lindet, Compl 
Bend., 98. 1382, 1884 ; Bur let> rondunaimna dis cllorurcs ct hromvrrs uride^ aivc lea rhhriirrs ft 
brwnurea d'or, Paris, 1886; Ann. Chun. PAyi., (6), 11. 177, 1884; A. Lieben, ib., (3), 63. 9L', 
1861 ; .1. L. Gay Lussoo, ib., (2), 1. 212, 1816; A. ,L Balard, ib., (2), 67. 226, 1834; L. Anj.it, 
t6., (0), 24. 3 .j 8, 1801 ; Bur les phosphtei ef Its pyrophot^phUei, Pans, 1891 ; i'ompt. Bend., 106. 
1351, 1 m ; JOS. 404, 1889 ; 111. 676, 1890 ; A. July, ib., 102. 700, 1886 ; A. Besson, t6.. 125. 
1032, 1897; 132. 1556, 1901; IhU. Boc. Chim., (3), 23. 582, 1900; L. ^laqucnno, ib., (.7). 3. 
401, 1890; N. Mensohuikin, %b., (2), 2. 122, ^l, 1864; K. Keinilzer, ib., 14. 1884, 1881 ; 
Uniersuehungen iiber die Ozyde des PhoipJtor't, Prag, 18S2; M. Major, Zitr Kenntnis der phoi- 
phonqen und unterphoiphortgev Saiire, Weida i. Tn., 1908 ; E. Rupp and A. Finuk, Ber., 35. 
3691, 1902 ; J. 'Phomsen, ib., 7. 998, 1874 ; 0. Kuhling, ib., 33. 2914, 1900 ; W. Manchot and 
F. Htoinhauser, ZeU. anorq. CJiem., 138. 304, 1924; N. H. Dbar, t6., 121. 156, 1922 ; 144. 2SD, 
1925; T. M. Lowry, Phi. 3lag., (6), 45. 11U5, 1023; H. Burgorth, Znt. Klektrochem., 32. 157, 
1926; H. Winland and A. Wingler, Ann., 484. 185, 1923; N. K. Dhar, Ann. Chun. 

Phys., (9), 9. 130, 1019 ; K. M. Purkaynstba and N. R. Dhar, ZtU. anorg. Chem., 121. 159, 192J ; 
&. D. Uaruy, Journ. Boc. Chem. fnd. — (Jhrm. Ind., 46. 340, 1026 ; A. Mjchaelis and J. Amanoff, 
Ber., 7. 1688, 1874 ; A. Miebaolis, ib., 8. 504, 1875 ; Litbig's Ann., 131. 312, 1S76 ; A. Miehaclis 
andT. Becker, Ber., 30. 1003, 1897 ; G. Zimmormann, ib., 7. 289, 1874; 0. von dfir PfurdLcn, 
ib., 18. 1407, 1685 ; G. A. Liuhart, Amer. Journ. Bcienee, (4), 35. 353, 1913 ; G. A. Linbart oiiil 
E. Q. Adams, Journ. Amer. Chem. Boc., 39. 948, 1917 ; G. Gustavsofi, BuU. Acad. 8l Petersbuiq, 

(3) , 11. 209, 1867; ZeU. Chem., (2), 3. 362, 1807; Journ. prakt. Chem., (1), lOl. 123, 1867; 
U. F. Sohdnboin, ib., (1), 61. 103, 1854 ; G, W. Blomstrand, xb., (2), 40. 316, 1889 ; T. Graham, 
Elemeids oj i^hemistry, London, 1842; B. D. Steclo, Proc. Chem. Soc.^ 24. 193, 1908; Journ. 
Chem. Boc., 98. 2203, 1909 ; A. D. Mitchell, ib., 123. 2241, 1023 ; 125. 1013, 1924 ; 127. 335, 
1925 ; 0. Stollmg, Zeit. phys. Chem., 117. 104, 1025 ; Ztil anorg. Chem., 131. 48, 1023 ; J. Pinski^r, 
Zur analyiischen Bestimmung der Unterphosphorsdure, jJiosphorigen Bmrt und unlerphosphorig* n 
Bdure finzeln und nebeneinander, Berlin, 1009; P. Sohiitzenberger, BuU. Boc. Chm., (2), 
18. 101, 1872 ; 0. Rislcr, ib., (2), 18. 51, 1872; A. Sommer, Journ. Boc. Chem, Ini., 4. 576, 
1885 ; A. ItaUener, BettrSge zur Kenntnis der pnosphorigen Bdure und ihrtr Bake, Freiburg L 
Br., 1917 ; A. Rosenheim and A. Italiener, Zeit. anorg. Chem., 129. 196, 1923 ; A. Nofiuct, 
Prinoipes de chimie fondle snr Us iMorks modernes, Paris, 1867 ; London, 169, 1868 ; F. Schulz, 
AfcA. Etp. Painol., 28. 150, 1887 ; 1. M. KolthoE, Bee. Tfuv, Chim, Paye-Bas, 46. 360, 1927 ; 
W. Omeliansky, Gentr. Bakt, Par., 9. ii» 63, 113» 1902; T. F. Buehrer and 0. E. Schupp, 



PfiOSPfiORUa 911 

Jeiim. Jmer. Ohem. fioc., 49. 9, 1927; A. Bmkl and M. Bchr, Zeit, anal Chem^p 94. 23» 
1924; E. I. Orloff, Jaurn. Jiuas, Phya. Chem. ^oe., 46. 535, 1914; M. Boyer and M. BausiU 
Joam, PAam, Chin., (7), IB. 321, J91S; P. PaBoal, Rv. Oin. Science, 84. 38B, 1923; Cmpt, 
IUnd.p 174. 457, 1922 ; H. Bemy, Zeil anorg, Chen., 116. 260, 1921 ; H. Rose, Pogg. Ann,p B. 
206,1820; B. 23, 216, 1827. 


1 18. Tba Phospbites 

C. A. Wurtz ^ Raid that the afliuity of phosphorous acid for the bases is small, 
but they have a great tendency to form double salts. Phosphorous acid unites 
with bases and metal-oiddes, forming phosphites. Inhere are two types of salts — 
•pfinmy ‘phosfhitts, MH2r03 ; and necundary plmphUes, M2UPO3, where M denotes 
a monad. C. Zimmerman reported a tertiary phosphite, Na 3 PU 3 , but, according 
to L. Amat, C. Zimmermann mistook normal sodium phosphite, No^HPOs, for the 
tertiary salt. The alkali auA calcium phosphites arc soluble in water, the other 
salts are but sparingly soluble. Many of the less soluble phosphites are soluble in 
an excess of the acid, probably owing to the formation of soluble double salts. 
The phosphites have been specially studied by C. A. Wurtz, U, Bose, 
C. 7. Rammelsberg, L. Amat, J. L. Clay Lussac, etc. The double phosphites are 
soluble in water. The phosphites -solid or in aq. soln. — are fairly stable in air at 
ordinary temp., but, when heated, they decompose with the evolution of hydrogen 
or ])lLnsphine, and llie formation of ortho- or p 3 rTo-phosphatc — c., 7 . bPbHPO^ 
=- Pb 2 P 2 () 7 H- i'b 3 (P 04 ) 2 +PIlB+H 2 . BoiJing the phosphite with alkali-lye furnishes 
hydrogen : Na^IIPUa-f Na 0 II=-MagP 04 -|-ll 2 , but with dil. soln. no appreciable 
amount of hydrogen is evolved. 

A. V. de Fourcroy and L. N. Vauquclm,^ and H. Bose prepared ammonium 
phosphite, (NJIj) 2 HP 03 . 1 l 20 , by saturating an aq. soln. of phosphorous arid with 
ammonia, and evaporating the soln. to a syrupy consistence when it yields large 
four-.sided prisms with quadrilateral summits." C. A. Wurtz evaporated the 
soln. over cone, sidphuric acid, and analyzed the product. G. Lemoine obtained the 
salt as a by-product in the action of ammonium sulphide on pkospburus sesqui- 
sulphide. The salt is very deliquescent. When the salt is kept in vacuo, or when 
the soln. is evaporated at 100 °, 0. A. Wurtz found that it lost its water of crystalliza- 
tion along with some ammonia ; and H. Bose, and A. F. de Fourcroy and L. N. Vau- 
quclin reported that when the salt is heated it loses ammonia, leaving hydrated 
phosphorous acid as a residue, which is decomi)osed at a higher temp, into phosphine 
and phosphoric acid. L. Aimit found that when kept for 24 hrs. in vacuo, the 
monohydrate becomes anhydrous : (NH 4 ) 2 Hr 03 .H 20 -=(NH 4 ) 2 HP 03 -l-H 20 . The 
anhydrous salt was also made by L. Amat by passing ammonia over the hydro- 
phosphite at 1110° ; and T. E. Thorpe and A. E. Jl. Tutton obtained it as a by-product 
along with diamidophosphorous acid, when ammonia acts on phosphorous acid. 
According to L, Amat, the white powder has a dLSsociation press, of 15 mm. at 75°. 
H. Stamm found that the salt is precipitatc^d from its cone. aq. soln. by ammonia. 
L, Amat, and A. P. Sabaneefi made ammoniam hydiophosphite, (NH 4 )H(HPQ 3 ), 
by neutralizing a soln. of phosphorous acid with ammonia, using methyl-orange as 
indicator. The soln. is evaporated until a drop crystallizes when cooled. The 
evaporation must be carefully performed or the salt will decompose. It is also 
formed when normal ammonium phosphite is heated to 100 °, or kept in vacuo. 
A. P. Sabangeff said that the salt is isomeric with hydroxylamino hypophosphite. 
According to II. Dufet, the crystals are monoclinic prisms with the axial ratios 
a ; b ; c=0-7616 : 1 : 0*9618, and j3=103° 6 {' ; the optic axial angle 50'. 

L. Amat said that the salt is stable at 100 °, but melts at 123° ; while A. Sabaniefi 
said that it melts with partial decomposition at 120 °, and that the presence of a 
trace of water lowers the m.p. According to L. Amat, the molten salt begins to 
decompose at 145° with the loss of ammonia, but not phosphine ; when heat^ still 
more, phosphine is also given off, and phosphorous acid remains. The salt is very 
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soluble in water, since 100 grins, of water dissolve 171 gmu. of salt at 0^ ; 190 grms. 
at ; and 260 grms. at sr. Very little ammonia is absorbed by the sdt at 
ordinary temp., but at 100°, ammonia is frenly absorbed, forming the normal 
phosphite. A. P. Saban6cff said that the salt dors not reduce alhaline copper salts 
in the cold, but it gives a precipitate with barium rliloride. J. Zawidzky studied 
the rate of the isomeric cliango of the alkyl phDS])hites. 

According to K. A. Hofmann and V. Eohlschiitter, ammoniam bydidylamine 
phoqihite, (NH 4 )(NH 30 H)(nP 03 ), is obtained by neutralizing phosphorous acid 
with ammonia, then adding four times the quantity of ammonia and two mol. 
proportions of hydrozylamine hydrochloride to one of the acid ; after remaining one 
hour, the solii. is precipitated with alcohol and the product recrystallized from 
absolute alcohol. It is also obtained by heating normal ammonium phosphite 
with a soln. of hydroxylumino hydrochloride in absolute ethyl alcohol and dissolving 
out the excess of hydroxylnminc hydrochloride from the product by warming it 
with methyl alcohol. It crystallizes in slender, white needles, and at once reduces 
Fehling's soln. and ammoniacal silver nitrate. A. F. Sabaueell said that this salt 
is isomeric with ammonium hydrophosphaie. K. A. Hofmann and V. Kohlschiittcr 
made hydrozylainine phosphite, (NU 30 H) 2 (TIP 03 ), by mixing an aq. soln. of 
disodium phosphite with 3 mol. proportions of hy^oxylamine hydrochloride, and 
after crystallizing out the sodium chloride by evaporation in vacuo over sulphuric 
acid, the gummy residue is crystallized from absolute alcohol ; it cryst^allizes 
in long, colourless needles, burns, when heated, with a green flame and evolution 
of hydrogen phosphide, and quickly reduces Fchlings soln. and ammoniacal 
silver nitrate. A. P. SabanecS said that hydroxylamiue hydiophosphite, 
(NlIg 01 ])H(HP 03 ), is isomeric with ammonium dihyflrophosphate. He obtained 
normal hydraziiie phosphite, (N 2 H 3 )(HF 03 ), from barium phosphite and hydrazine 
sulphate ; it is very hygroscopic, and melts at 36'*. It is isomeric ^ith ammonium 
hydrogen amidophosphate, which decomposes at 120° and melts at 303°. lie also 
made hydraziiie hydrophmvUte, H(HFOa) 2 N 2 TTQ(lI.II]M) 3 ) 2 , obtained from 
hydrazine sulphate and barium hydrogen phosjihitc, melting at 82° without 
deGompo.ution. It is isomeric with ammonium hypopho.sph!ite, (NH3)2II4F20 b, 
which melts at 170°. 

A. Rosenheim and W. Reglin^ prepared lithium hydiophosphite, Li 2 HP 03 .Il 20 , 
in 4-Bided plates, from a soln. of equimolar parts of lithium carbonate and 
phosphorous acid concentrated for crystallization on a water-bath. The salt has 
a negative temp, coefi. for the solubility, S grms. of Li 2 lIF 03 .H 20 , in 1(X) grms. of 
soln. ; 

0* 25 * so" 35" 40" 4D* 50" 61 " Bfl* 

S . 907 7-17 7-07 6-82 i&U 6-29 6-09 5-75 4-24 

the solid phase was always the monohydrate. The H'-ion cone, of a iV-soln. at 
20° is Pj= 8-14, or [H‘ I.— 7-34 X 10** grms. per litre. The lowerings of the f .p, with 
0-4014, 0-9095, and 1-4076 grm. of the monohydiate in respectively 19-243, 19*33, 
and 19-41 grms. of water were 0-820°, 1-7550°, and 2*710°, respectively corresponding 
with the factors 4=2-37, 2-25, and 2-25, thus showing that the salt is probably 
associated to (Li 2 HP 03]2 in soln. The eq. electrical conductivities, A, for a mol of 
the salt in v litres of water at 23° : 

r . . . »2 64 12B 266 512 1024 

A . 6S 1 72-6 76-4 82-1 86 0 102-4 

There is no evidence of adsorption when the salt is crystallized from a cone. soln. 
of lithium hydroxide. L. Amat obtained easily soluble litbium dibydiophOBphite, 
LiHgPOg— from a soln. of lithium carbonate or hydroxide neutralized with phos- 
phorous acid, using methyl-orange as indicator. C. Zimmermann*s report of the 
preparation of B^nm orthopbioq^te, NogPOg, has already been described. 
P. L. Dulong, H. Dufet, and C. A. Wurtz prepared sodium hydzivhOBphite, 
Na 2 UP 03 . 5 H 20 , by neutralizing a soln. of phosphorous acid with sodium carbonate, 
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and evaporating the liquid for crystallization. A. Italiener recommended using 
a naphtolphtbalein as indicator, and evaporated the syrupy liquid over cone* 
sulphuric acid. The analysis of the long, acicular ciystah so obtained corresponded 
closer with Na2HP(^.5'5H20, than with the pentab /drate. A. F. de Fourcroy 
and L. N. Vauquehn appear to have obtained this salt from the so-called adde 
phosphatique — vide supra. P. L. Dulong said that the crystals are rhombohedra 
inclined to the cubical form ; and H. Dufet gave for the axial ratios of the rhombic 
bipyramidal crystals a :h:c --0-6998 : 1 : 0*7813. The index of refraction for 
Na-light is/l=il‘i434 ; the birefringence is positive and feeble ; the optic axial angle 
2 V 16' for Li-light ; 44° T for Na-light ; and 44° iT/ for Tl-light, and there is 
a rise of about 10' for a degree rise of temp. H. Aose said that the crystals decom^ 
pose when heated, giving off hydrogen. L. Amat gave 53° for the m.p. ; and the 
salt is dehydrated at irio”. The anhydrous salt is formed by keeping the penta- 
hydrate in vacuo, or over cone, sulphuric acid, or else heating it to 120°. K. Kraut 
said that when heated in a current of air, a little phosphine is given off at 20()°-2rX)°, 
and when the residue is digested in water, a little red phospliorus imnaiiis nn- 
diasolved. F. M. Ranult said that the f.p. is lowered 0*327° by the dissolution of a 
gram of the anhydrous suit in lOU c.c. of water ; and the mol. lowering of the f.p. 
is 41*2°. if. Tlioniscn measured the heat of neiiiralizntion of phobpJiorous acid 
and sodium hydroxide mh supra. L. Amat gave for the heat of formation 
HaPOjj f2Na()H--NadlP03-|-2H20soiid+41-6 f'als. and for the heat of soln., 
4-6 Oals. at A. Italiener, and I. Muller gave 10° for the hydrogen-ion rone. 

The snlubility of the salt in water is greater than that of pliosphorous acid; 
expressing the results in grams of Na2(IiP03) per 100 grins, of soln., A. Italiener 
found : 

0 * 20 “ 25 2 “ 29 9" 38“ 42 7“ 

Rolubihty . 80*72 BM6 82*21 64*96 91*44 93*08 

The curve shown in Fig. 35 is not inconsistent with the existence of another liydrato 
with a transition point near 20°, but none was found, E. Blaiic estimated that in 
O-OOTfiA'-solii,, 0*021 per cent, of sodium jihosiihite _____ 

is hydrolyzed. A. Italiener gave for the H-iou cone. ? ^ ^^1 I I I I I I I 

[irj 10“^ gmi. per litre at 20°. H. Stamm found J 

that the salt is prenpilated by aminoum from its f 

cunc. aq. soln. P, L. Uulung, II. Anae, and C. A. Wurtz ^ J _ 

prepared potassium phosphite, K2( IlPOy), by neutral- 

izing phosphorous acid with potassium h3’dTOxide. f- 

II. Aose found the syrupy liquid crystallized when — / 

kept in vueuo. (h A. Wurtz said the salt ran be 

dried at 280° without decomposition. P, L. Uiiloug „ „ «« o i i i * r 

said that the salt is deliquescent m air, and iiisoliible Pho^^phito m Witpp. 

in alcohol. According to A. Uutmunn, a cold or 

boiling soln. of sodium thiosulphate does not act on sodium nr poliissium phos- 
phite—^idr the arsenites. N. N. Miitra and N. A. Dhar found that the reaction 
with mercuric chloride and sodium phosphite as primary rcarlious is hastened by 
the simultaneous reaction of mcrcurie/ chloride with sodium arseiiite or arsenious 
acid. 

L. Amat prepared Uthium dihydrophosphite, LiII(H?03), by neutralizing 
phosphorous arid with lithium carbonate ur hydroxide, using meth}^ orange as 
indicator, and evaporating to a syrup. The syrupy liquid is crystallized by allowing 
it to stand in vacuo. The salt is very soluble in water. L. Amat prepared sodium 
dihydrophosphite, NaH(HP03).2|}T20, by nrulralizing a sob. of phosphorous acid 
with sodium hydroxide or carbonate, and seeding the cone. sob. with a crystal of 
the salt previously prepared. The sob. is very prone to undercooling. A. Italiener 
obtained the sob. m a similar manner, and said that the syrupy liquid must 
stand in an ice-chest over phosphorus pentoxide for some time to crystallize. 

VOL. vm, 3 N 
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I. Amat said that ciyslallization ocoxtn when tha aq. aob. ia cooled to —23* i and 
he obtained a soln. of the Balt by the aotion of phosphorus trichloride on soda-lyu— 
but the yield was poor. The salt loses A its water of crystallization in vacuo, or 
over oonc. sulphurio acid ; while A. Italiener said that it is the anhydrous salt itself 
which crystallizes from the aq. soln. H. Dufet found that the salt prepared by 
L. Amat occurs in monoclinic prisms, with the axial ratios a : b : c=l-2017 : 1 : 0*7964;, 
and j3=--109" 53'. The optical axial angle 27=^77** 46' for Na-light, 77® 361' 
Li-Iight, and 77® 40' for Tl-light. The indices of refraction are a=l‘4193, j3=l'430i), 
and y=l*4493 for Na-light, while J3 for Li-light is 1-42B1, and for Tl-light, 1-4334. 
The birefringence is positive. L. Amat gave 42® for the m.p. F. M. Rooult gave 
0-307® for the lowering of the f.p. when one gram of the anhydrous salt is dissolved 
in 100 grma. of water ; and the mol. lowering of the f.p. is therefore 32-0. L. Amat 
gave for the heat of formation at ID®, HsP(^-|-NaOU=Nall 2 PO^+H 20 aniid+ 2 D -2 
Cals. ; for the heat of hydration, NaIl 2 P 0 ^soiid+ 2 - 5 H 2 OsoUd=Nall 2 pO 3 . 21 H 20 . 
-f9-65 Cals. L. Amat gave for the heat of soln. of the a^ydrous salt, 0-7D CaL at 
13®, and of the hemipentahydrate, —5-3 at 15°. J. Thomsen's observations on the 
heat of neutralization of phosphorous acid have been previously discussed. 
A Italiener, and I. Muller gave 6'887 XlO^^ for the hydrogen-ion cone. A. Itnliener 
found the tendency of the salt to form undercooled soln. so great that it was difficult 
to measure the solubility ; L. Amat found ICK) grms. of water at 0 ® dissolved 56 
grms. of salt \ GG gruis. at 10® ; and 193 grms. at tlie m.p. L. Amat obtained 
potassium dilvdzophosptaite, KH( 11 P 03 ), by a process like that used for the sodium 
salt. The crystals retain some adsorbed water which is lost in vacuo at 100 ®. 

II. Dufet found that the crystals are monoclinic prisms with the axial ratios 
u:b:c-l -3913 : 1 : 1 -7197, and p - 101 ® 49 J'. The optical axial angle 2 1'= 30" M' ; 
and the index of refraction 1*45. L. Amat found that 100 grms. of water at 10® 
dissolve 172 grms. of the salt. 

C. A. Wurtz reported sodium heptahydrotriphosphite, Na 2 HPO 3 . 2 iI 3 PO 3 .UloO, 
or NboH 4 (]I 1 * 03 ) 3 .^ 1120 , in prismatic crystals, by evaporating in vacuo n soln. of 
jihosphorouH acid one-third neutralized with sodium hydroxide. The salt is 
deliquescent in moist air ; it loses its water of crystallization at 200® ; and at 245®, 
the evolution of phosphine begins. 0. A. Wurtz obtained potassium heptahydro- 
tripho^phite, K 2 lJi(Hr 03 )g, 0 TK 2 HPO 3 . 2 H 3 PO 3 , by evaporating m vucuo the soln. 
obtained by one third neutralizing phosphorous acid. The crystals melt without 
appreciable loss at 200 ®, but at 2 rH)®, begin to emit phosphine. 

H. Kose noted that when ammonium phosphite is added to a soln. of cupric 
chloride, tlie flocculent precipitate is not decomposed by washing. 0. A. Wuilz 
obtained a granular, crystalline precipitate of copper phosphite, ('u(HP 03 ). 2 ll 2 U, 
by treating a soln. of cupric acetate with pho.<)phorous acid ; and L. Amat evaporateil 
in varuo a soln. of copper carbonate in phosphorous acid, and obtained a gum-like 
or a crystalline mass. The blue crystals lose 25 per cent, of water when kept over 
sulphuric acid ; and they are partially decomposed at 120®. C. F. llammelaberg 
said the salt can be boiled in water without decomposition, but, according to 11 . llosf*, 
the salt is reduced by boiling with phosphoric acid ; and L, Amat was unable 
to prepare the acid-salt bccau.so of this reduction, II. Rose found that when heated 
in a retort much water and hydrogen, but not phosphine, are given off, and a mixtuie 
of copper and normal copper phosphate remains. R. Kremann showed that when 
a soln. of sodium phosphite containing some copper salt is electrolyzed, some copper 
migrates to the anode, and he therefore assumes that a hydrap}iosphitocupric aetd 
is present in the boln. HtCuPOg), or rather a sodium cupric phosphite^ Na[CuFOs|. 
A. Rosenheim and co-workers could not prepare complex cupric phosphites, lu 
spite of the reducing action of phosphites on silver salts — mde supra — ^A. Sanger 
was able to make sUver phospUte, Ag 2 HF 0 ^, as a white crystalline precipitate, 
by adding silver nitrate to a soln. of phosphorous acid. The salt quickly turns 
brown, and ultimately forms a black powder. No gM phosphite has reported. 

H. Bose obtained a white precipitate of caldiun idlooUte, CaHF(^. 2 H 20 | 
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by mudoK Boln. of ammonium phosphite and calcium chloride ; and C. A* Wurts, 
by neutralizing a soln. of phosphorous acid with ammonia, and then adding calcium 
chloride— -rejecting the first fraction precipitated* C. F. Kammelsberg obtained 
calcium phosphite by mixing an aq. soln. of phospLorus trichloride with calcium 
chloride, and adding ammonia. F, L. Dulong found that the salt crystallizes by 
the slow evaporation of its aq. soln. C. A. Wurtz found that the water of crystalliza- 
tion is lost at 205” : and C. F. Bammelsberg, at 200”-300'*. At a red-heat hydrogen 
is given oil, and calrium pyrophosphate is formed along with some phosphorus 
which colours the residue yellowish-brown. B. Bother said that when heated in a 
tube, phosphine is given ofi with a feeble detonation, and that at a coitain temp., 
the mass suddenly becomes incandescent. P. L. Dulong found that the salt is 
hydrolyzed by boiling water with the precipitation of a basic phosphite, and the 
dissolution of an arid salt. H. Bose, and C. F. Bammelsberg prepared Btrontiani 
phospbitoi Bi(HF 0 g).l^n 20 , by methods analogous to those employed for the 
calcium salt. F. L. Dulong said that the salt is sparingly soluble in water, and the 
soln. crystallizes when allowed to evaporate spontaneously. F. L. Dulong obtained 
cry‘ital 8 by the slow evaporation of its aq. soln. The crystalline precipitate was 
found by U. F. llammelaberg to lose its water of crystallization at 2fK)®-250®, and 
the loss of tlie la^tt mol of water is attended by a partial decomposition of the salt 
whereby hydrouon and a little phosphine is given ofi. The residue contains stron- 
tium ))yr(q)ho'nphate mixed with a little red phosphorus. P. L. Dulong found that 
the salt is hydrolyzed in a boilmg aq. soln., forming an insoluble basic salt, and a 
soluble acid salt. 

J. J. Ber/clius made normal barium phosphite, BaHFOs, by mixing soln. of 
ammonium phospliit e and barium chloride ; after the soln. has been allowed to stand 
for some time, a white CTy.^t<Ulino crust of the phosphite appears on the liquid. 
C. F. Bammelsberg obtained the solid salt as a precipitate by adding ammonia to a 
soln. of tho and phoh]>Kitc. A . Jialieiici prepared an aq. soln. of the salt by mixing 
soln. of sodium phitspliilo and barium chloride. The conditions of equilibrium 
in the presence of snln. of phosphorous acid are indicated in Fig. 36. F. L. Dulong 
found that an aq. soln. of the salt yields crystals on evaporation. The salt was 
analyzed by J. J. Berzelius, II. Bose, C. Zimmermann, and C. A. Wurtz, who 
reported the suit to be anhydrous BallFOs ; but, according to A. Italicner, the salt 
is hemihydriited, BallPOs.^l^O. 0. P. Bammelsberg observed very little loss in 
weight— 1*71 per cent,— at 2ll0”-250” ; but when heated to redness, C. F. Ramniela- 
berg, ill agreement with II. Bose, observed that hydrogen and water are given ofi 
wliile the pyrophosphate, accompanied by a little phosphorus, remains. When the 
salt is evaporated with nitric acid, J. J. Berzelius found that the p 3 n:ophosphate is 
produced, while 0. F. Bammelsberg nbtaineil barium metapliosphato and nitrate 
as well. F. L. Dulo^ig found that the salt is only spanngly soluble in water. 
A. Italicner showed iliat 100 grms. of sobi. contained 0*6270 grm. of BallFOs at 
30”, and the result at 6*5” was very little different. F. L. Dulong observed that tho 
salt is hydrolyzed by boiling water, forming an insoluble basic salt, and a soluble acid 
salt. II. W. F. Wackenroder found that barium phosphite is soluble in an aq. soln. 
of ammonium chloride. 

Throe acidic salts of barium phosphite have been reported with BaHF 03 : H 3 F 0 g 
as 2 : 1 , 1 : 1 , and 2:3. A. Italiener examined the tc^rnary system BaO-F 203 -H 2 U 
at 30”. The following is a seleetion from the results, where the numerical data 
refer to the number of grams of the given component present in 100 grms. of soln. : 

BaO . 4>22 4-70 4-70 9-90 20-91 27-77 S'42 25-77 

TiOj . 1-41 338 3*70 4-17 9-22 9'20 18-56 36-34 

]3.ai'Oj,111.0 Ba|(H,POj),SU,0 HiFO, 

The Tcflulta are plotted in Fig. 36. C. F. Banunclsboig reported barium dibydtotri- 
phiM|phit(S 2 BaU? 03 .^PG^. 8 H 20 , i.e. lia 2 H 2 (HPOj)s. 8 U, 0 , to ctTstallize from b 
Min. of the norniAl phosphite in warm phosphorona acid. This appears to be the 
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Balt represented by A. Italiener as a pentaaydrate. The conditions of equilibrium 
are in^cated in Fifr. 36 ; similar remarks apjdy to barituu dih 3 rdlodipliOOtaite» 
BaH2(HF03). H. Rose said that the hmiliydrate is formed when the normal 
phosphite is digested with not too large an excess of phosphorous acid, and evaporat- 
ing the filtrate in vacuo. It intumesces when 
heated, and gives off a mixture of phosphine and 
hydrogen, and, according to C. F. llammclsbeig, 
leaves behind a mixture of the metaphosphate 
and pyrophosphate. C. A. Wurtz reported the 
metwhydrate to be formed from a soln. of the 
normal phosphite in sulphuric acid, or of barium 
hydroxide in phosphorous acid. C. F. Rammels- 
berg by a similar process alleged that the di~ 
hydrate is formed ; and L. Amat, the triliyd/rale, 
A. ItaUcnpidid not find one of these four hydrates 
in her study of the ternary system, Fjg. 36 ; and a 
F. Rammelsberg's barinm bexahydropentaphospbite. 
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Fiq. 36.— Holid Phases inthn Ter- 
nary System : UaO-PjOa-HjO. 


similar remark applies to C). 

2BaHr(^,3Tl3P02.2ll20f or Ba2Ho(llP03)5.2H20, said lo be obtained in aricular 
crystals by spontaneously evaporating a soln. of the iionnal ])lir)^phite in the 
calculated quantity of phosphorous acid. 

H. Rose obtained beryUium pbosphite as a white prceipitate from solu. of 
ammonium phosphite and herylliuni chloride. When heated in a loiort, it becunies 
incandesrent, giving off hydrogen but no phosphine. B. Bleyer and fi. Miillei 
could obtain only the feebly basic salt beryllium oxytetrapbosphite, 
4BpllPOj,BeO.7H20, as a white amorphous powder, from soln. of niniuoiuum 
phosphite and beryllium sulphate. When heated, self-accendible phosphine is 
evolved, and beryllium pyropko^phat e remains. H. Rose also made magnesium 
pbosphite* MgUP03.6H20, by evaporating in vacuo the filtrate from a boiling soln. 
of magnesia is very dil. phosphorous acid. (\ F. Ramnielsberg obtained it from a 
soln. of magnesium raibonaie in phosphorous acid; and the hemipentahydrate 
from a soln. of phosphorus trirliloridc and magnesium sulphate. The furniulu just 
indicated is based on the analysis of C. F. Rainmelsberg. H. Rose found that at 
a red-heat much water is evolved, and then a mixture of hyrlrogeii and phos])hiiie, 
leaving a residue of the pyrophosphate coloured with red phosphorus. 
C. F. Kammolsberg added that the residue also rontains some magnesia. When 
digested with nitric acid, magnp.siuin pyrophosphate is formed. 11 . Ro.se said that 
the salt is sparingly aoluhle in water, and more soluble in cold than in hot water. 
L. Amat prepared the acidic salt, magnesium dibydiodipbospbate, MgIl2(HP()3)2, 
analogous to the corresponding salts of the three alkaline earths. 11 . Rose prepared 
zinc phosphite, ZuHFOs.'ijHuO, hy treating an aq. soln. of pho^plioru.s trichloride, 
neutralized with ammonia, with zinc sulphate ; part of the salt separates in the 
cold, and part on boiling, since the salt is more soluble in cold tlian it is in hot water. 
By treating an alkali plios])hite .soln. with zinc sulphate, A. Rosenheim, 8. Frommer 
and W. Handler obtained the salt .‘iZnHl'Og.KHQO. (!. F. Rammelsberg used a 
modification of H. Rose's process and found that the salt loses its water of 
crystallization at 260 ", and at a led-hcat gives off hydrogen and only a trace, if 
any, of phosphine. There remains a mixture of zinc phosphide and pyrophosphate. 
If the aq. soln. be evaporated spontaneously iii air, it furnishes the anhydrous 
phosphite. C. F. Rammelsberg evaporated soln. of the normal phosphite in 
phosphorous acid of different couc. and obtained acidic salts, zinc bydropboBpbites, 
represented by Zn2U3l 3OB.2H2O ; Zn3H5P50i3.3H20 ; and Zn2H9P60i4.H20. 
Neither the conditions of equilibrium nor the individuality of these piodui^s has 
been estabUshed, C. F. Rammelsberg obtained eadmium phosphite, C1LIIFO3, as 
a white powder, from mixed soln. of cadmium sulphate and sodium or ammonium 
phosphite. A. Rosenheim, S. Frommer and W. Handler treated a soln. of cadmium 
sulp^te with alkali phosphite, and obtained the salt, 3CdHPQ3.5ll20 ; they could 
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not make complex cadmium phOBphitea, According to 0 . F. Rammelsberg, 
when the phosphite is heated, hydrogen almost free from phosphine is given off, 
some cadmium sublimes, and there remains a mixture of cadmium and its phosphide 
and pyrophosphate. H, Rose obtained mercuric phosphite as a white powder on 
adding phosphorous acid to a soln. of mercuric nitrate ; the product docomposes 
with the separation of mercury as soon as it is warmed. 

H. Bose neutralized an aq. suln. of phosphorus trichloride with ammonia, and 
added a soln. of alum in excess, when aluminium phosphite was formed as a white 
powder which gave off a mixture of hydrogen and phosphine when heated to 
redness, B. Orutzner obtained aluminium hjdioxyphosphitei 2Al(0H)2{.A]2(HP03)a, 
by adding phosphorous acid to a slurry of colloidal alumina and water. If tlie 
clear soln. is boiled, a precipitate is obtained which when heated gives off phosphine. 
The analysis corresponds with the formula just indicated. L. Amat obinined well* 
defined crystals of thallous hydiophosphite^ TlH(nP03), by neutralizing a soln. of 
phosphorous acid with thallous carbonate. The salt melts at 70 °- 71 '', and is very 
soluble in water. In summer it attracts moisture from the atm., and becomes 
liquid ; in winter, it becomes solid again. It is neutral towards methyl-orange. 

H. Rose neutralized an aq. soln. of phosphoius trichloride, with amuionia, 
and added an aq. soln. of titanium tetrachloride, the resulting white precipitate 
eontainod some titanium phosphite. When heated, it gave a mixture of hydro- 
gen and phosphine ; and left a black residue of reduced titanic oxide— not the 
monoxide. 0. Kauffninim added phosphorous acid to a suln. of thorium nitrate, 
and warmed the mixture on a water-bath. The white product was thorium 
phosphite, Tli(IIJ^0,d^.3ll20. it gradually oxidized at lOr)*" ; it was insoluble in 
water and in dd. acjds and alkab-lye ; but dissolved slowly in mineral acids, parti- 
cularly when wanned. If soln. of sodium hydrophosphite and thorium nitrate be 
mixed as before, the octohydrate, Th(HP03)2.8H20, is formed. 

11 . Rose obtained stannous phosphite, 8u(HP03), by treating a soln. of stdimous 
chloride with ammonium phosphite and washing the white precipitate until the 
wash-water, boiled with nitric acid, gives no precipitate with silver nitrulc. The 
salt blackens when heated, gives off hydrogen and phosphine, and a subbnuite of 
phosphorus. It is gelatinized by heating with nitric acid, forming stannic pho>sphate. 
The soln. of the salt reduces many oibor metal salts. A. Rosenheim and co-workers 
obtained a similar product ; but they could not obtain complex salts. IT. Rose 
also obtained a white precipitate— possibly stannic phosphit^- by the action of 
ammonium phosphite on stannic chloride. It develops water when heated, and 
the stannic oxide passes into stannous oxide. Normal lead phosphite, Fb(HPO^), 
was made by U. Rose, and J. J. BerzeUus, by treating a solu. of lead acetate with 
amiuonium phosphite ; by L. Amat using lead nitrate and phosphorous acid or one 
of the sodium phosphites, or lead oxide and phosphorous acid, or by treating 
lead acid phosphite, pyropliosplntc, or iiitratophosphite with water; and by 
0 . F. RammcLsberg, by neutralizing phosphorous acid with lead carbonate. The 
])roduct retains about 2*7 per cent, of water. A. Rosenheim and co-workers 
obtained a similar product. According to H. Rose, and C. F. Rammelsberg, when 
lead phosphite is heated it develops hy^ogen and phosphine, along with a sublimate 
of phosphorus, and leaves a residue of lead phosphide and pyrophosphate. Accord- 
ing to V. Ipatieff, lead phosphite is converted into lead and phosphoric acid when 
heated in hydrogen. J. J. Berzelius said that the phosphite can bo dissolved in cold 
nitric acid without decomposition, but when heated it forms the pyrophosphate. 
R. Weinland and F. Paul prepared lead tetrabromophoephite, 2FbBro.PbHPO8.H2O ; 
and lead dichlurophosphite, FbCl2.PbHPOs.H2O. L. Amat prepared lead diiiitrato. 
phosphite, Pb2(N03)2(HP03), by adding an excess of lead nitrate to a cold sobi- 
of sodium hy^ophosphite ; or sodium pyiophosphite ; or by treating normal lead 
phosphite with a soln. of lead acetate in dil. nitric acid ; or by Seating lead phosphite 
witii dil. nitric acid. The salt is stable in air, and at temp, up to 110**. If strongly 
heated, it explodes. Water decomposes it into lead nitrate and phosphite^ 
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particularly if the water is boiliog. If it is heated with nitiio acid and calcined it 
forms a mixture of lead oxide and phosphate. 0 . A. Wurtz found that load phosphite 
is reduced by warm sulphuric acid to sulphur dioxide ; and H. Rose, that it is 
soluble in phosphorous acid, and the soln., according to C. A. Wurtz, gives white 
flocks with ammonia. When the normal phosphite is digested for some weeks with 
aq. ammonia, and the product washed with alcohol, H. Rose found that lead 
diaxydiphospbitet 4 PbO.P 20 ^. 2 H 2 O, or 2Pb0.2Pb(UPQg).H20, is formed ; and 
C. A. Wurtz reported lead o^Fdiphosphite« Pb 0 . 2 Pb(HP 08 l. L. Amat found that 
the soln. of the normal phosphite in phosphorous acid yields lead ditaydrodiphogphite, 
PbIl2(HPOs)2, which can be washed with absolute ether and dried in vacuo or at 
100 °. The colourless crystals form the p]nophosphitc at 1 () 0 ° ; water forms normal 
lead phosphite and phosphorous acid. A. Rosenheim and co-woikeis could not 
prepare complex salts. 

H. Rose prepared antimonyl phoaptaitei (Sb0)Il2P03, by neutralizing an aq. soln. 
of phosphorus trichloride with ammonia, and adding tartar emetic ; the white 
precipitate gives oS hydrogen when heaM, and it is soluble in hydrochloric acid. 
B. Grutzner treated antimony oxide with a soln. of phosphorous uciil, and obtained 
microscopic needles of the above composition. No Siilt could be prejiared from 
antimony oxide, and potassium hydrophosphite. B. Grutzner also prepared bis 
muth phosphite, Bi2(HP03)3.3H20, by the action of phosphorous acid on bismuth 
oxide ; and L. Vanino and F. Hartl, by adding jihospliorous acid to a soln. of 
bismuth nitrate and mannite. H. Rose obtained the salt by neutralizing an aq. 
soln. of phosphorus trichloride with ammonia, and adding a soln. of bisniutli 
rhloriile as nearly neutral as possible. The small, four-sided, acicnlar cr^^stals arc 
almost insoluble in water ; they lose their water of crystallization at 105 ° ; and whrn 
heated give off hydrogen alone. L. Vanino and F. Hartl said the salt is not dcrom- 
posed by potash-lye ; it reacts slowly with potassium iodide ; and rapidly witJi 
hydrogen sulphide. 

H. Rose treated an aq. soln. of chromic chloride with a soln. of phospbonis 
trichloride, and obtained chromium phosphite, partly as a green soln., and partly 
RB a precipitate. The phosphite appears as a voluminous, green powder, which 
when heated gives off hydrogen but no phosphine. A. Rosenheim and R. Fronuner 
prepared a series of salts, R[Cr(HF03)2j.nU20, by the action of a cone. soln. ul 
chromium chloride on an aq. soln. of an alkali phosphite, v.g, ammonium chromium 
phosphite, Nn4[Ci(HP03]2l.8H20 ; potassium chiomium phosphite, K[Cr(UPU3)2 1. 
I2H2O,' sodium chromium phosj^te, NalCr(lIP03)2l.l4H20, as well as a guani- 
dinium salt. A. Ttaliener also reported complex K[Cr(HP03)2l.l2H20 ; and 
K 8 [Ctq(HP 03 )i 3 ]. 52 H 20 , to be formed by mixing soln. of chromic chloride and 
potassium phosphite ; likewise with sodium chromium phosphite, Na4[Cr(ilP03)2l* 
I4H2O ; NB[Cr(HPC)3)2.N^HP04.73H20 ; NaJCralHPOajsJ.SHHaO ; and 

ammonium chromium phosphite. A guanidine salt was also prepared. O.W. Gibbs 
prepared ammoniuin phbsphitoh»amolybdate, (NH4)20.6Mo03.H3F08.()n20, 
i)y the action of soln. of ammonium molybdate on phosplinrous acid. A. Rosen- 
heim and M. Schapiio prepared a series of heteropolymolybdates with the general 
formula 2R2O.P2O3.i2MoO3.nU2O, and also 2R20.P20^-5MoOa.nH20. The 
former by dissolving phosphorous acid in an excess of allmli molybdate (say 1 ; G) 
acidifying the soln. with hydrochloric acid, and warming the liquid ; and the latter 
by adding 2 mols of molybdium trioxide to a boiling aq. soln. of a mol of alkali 
phosphite, and allowing the liquid to crystallize. They ^us obtained ammonium 
pho^tododecamolybdate, 2(NH4)20.P208.12Mo(^. 23H20, and ammonium 
phoE^topcutamolybdate, 2(I^)20.P2(^.5MoQs.7H20 ; M. Weinberg also 
reported an ammonium phosphitohexamolybdate, (NH4)3[P(Mo207)3].6H20 ; 
M. Weinberg reportedapotasi[dumph04plutoheiauncdybdate,E2[P(Mo207)3].llH20 ; 
and A. Rosenheim and M. Schapiio, 2E20.p2Q8.12Mo(^.9H20(and I7H2O), and 
potassium phosphitopentamolybdate, They also 

obtained lithium pho^tododeamdj1)date» 2 Li 20 .F 20 ^. 12 Mo 0 ^. 19 H 20 ; and 
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Nttmn phoqbitododecuiidy^ 2Na20.p20^.12Moqs.l9H20(and ftlHaO). 
W. Weinberg also prepared the salt Naa[P(Mo2O7)3l.l0H2O, as irell as a 
guanidine ealt, 0. W. Qibbs also reported phosphitotODS* 

state, 6(NH4)20.22W03.1H3r03.25H20; potassitun pbosphitotnngstate, 

6K20.32W03.1GHsP 03.46H20, as well as 5K2O.24WO3.2H3PO3.I3H2O; and 
Bodimn idiosphitotliiigstate. 2Na20.22W03.8H3P03.351l20 ; and W. Weinberg, 
^um phoBphitohexBtnngstate, Na3[P(W207)sl.l6H20. 0. W. Gibbs reported 
ill-defined copper phosphitotimaBtates, and merciuoiis phosphitotungstates. 
A. Rodgers boiled for 5 hrs. a mixture of 1*5 grms. of ammonium phosphite, one 
gram of vanadium trioxide, 20 grms. of ammonium tungstate, 23 c.c. nf aq. 
ammonia, and 700 c.c. of water ; evaporated the mixture to one-third its original 
vnl, ; and obtained black octahedra of amninnintn tetmphosphitotetradecaVBllA- 
ditohenitiicfnitatiiiig^ 14(N^]20.2P208.7V203.31W03.7BH20. 

V. Kohlachutier and H. Rossi noted the possible existence of uranous phosphite; 
and C. F. Rammclsberg obtained oranyl phosphite* (l)02)aH2(HP03)4.12H20, by 
adding ammonium uranate to an aq. soln. of phosphorus trichloride. The yellow 
precipitate loses 9*03 per cent, of moisture when dried over cnnc, sulphuric acid ; 
10-52 per cent, at 180"; 11-79 per cent, at 240"; and 16-45 per cent, at 300", 
The residue is green. A. Rosenheim and H. Glaser prepared a scries of alkali 
uranyl phosphites by adding a sobi. of uranyl or sulphate drop by drop to a cone. 
Boln. of alkali phosphite until tlie precipitate no longer dissolves when the mixture 
is vigorously shaken. The liquid on standing deposits deep yellow crystals. They 
thus obtained potassiiim uranyl phosphite* E2[U02(HP03)o| ; ammonium uranyl 
phosphite. (NU4)^U0n(ITF03)2j ; and sodium uranyl phosphite* Na2LU02(HP03)2l. 
M. Lnbauuil obtained uranium phosphite* U(H?03)2.4Il20 ; and uranium hyd^ 
phosphite, U(HF03)(IT2r03]n, by addmg the leqmsite proportion of tho acid to 
acidic holu. of uranic Bul})hate. 

H. Rose, find C. F. RammcLbcrg reported manganous phosphite* MnHF03.H20, 
by neutralizing an aq. soln. of phosphorus trichloride ^ith ammonia, and adding a 
manganous salt. The precipitate is reddish-white, U. F. Rammclsberg dissolved 
manganous carbonate in phosphorous acid, and neutralized the soln. with sodium 
carbonate. When heated to r^iiess in a retort the salt often becomes incandescent, 
and develops hydrogen along with phosphine, and some red phosphorus sublimes ; 
the residue is mainly pyropliosphat e mixed with phosphide, or, as C. F. liammelsberg 
represented the reaction : 7MnIIF()3=^3Mn2F2()7-|-MnF-^7H. H. Rose said the 
halt dissolves with difficulty in water, but it dissolves rcailily in soln. of manganous 
chloride and sulphate. L. Yauino found the salt reacts slowly with potassium 
sulphide, A. Rosenheim, S. Frommer and W. Handler obtained deep violet-red soln. 
by mixing salts of tcrvalent manganese with soln. of alkali pliosphitcs, but owing to 
hydrolysis obtained only impure sodium manganese phosphite. II. Rose prepaid a 
fenous phosphite by neutralizing an aq. soln. of phosphorus trichloride, and adding 
feiious sulphate. The precipitate is washed with boiling water and dried. It is 
a white powder which readily oxidizes and becomes green. When heated it gives oil 
hydrogen and forms ferrous pyrophosphate ; the reaction may be accompanied by 
incandescence. J. A. Erenner described a reddish-brown ferrous phosphite, 
nFe0.P203, occurring as a mineral, which he named — after F. Schafar- 

zik. The crystals are tetragonal pyramids with the axial ratio a : c=l : 9787. 
L. Tokody gave 1 ; 0*95361. The crystals are isomorphous with trippkeite. Arx^ord- 
ing to L. Tokody, the pleochroic crystals have cu straw-yellow, and e brownish- 
yellow. The index of refraction is 1-740, the birefringence is feeble, and the optical 
character is positive. The sp. gr. is 4*3 ; and the hardness, 3*5, A. Rosenheim 
and co-workers could not prepare complex ferrous phosphites. B. Griitzner 
obtained a soln. of blrio phosphite by dissolving ferric oxide in phosphorous acid. 
The precipitate obtained by adding water has a variable composition, but E. Berger 
showed that if the precipitate be thoroughly washed with cold water to remove all 
the phosphorous acid, l^e white powder has a constant composition, that of leRiO 
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trihydfOQrliflnptaogp^ 2 Fe 2 (HP(^) 3 .Fe( 0 U) 8 . 6 H 20 . If, in the preparation of 
fenous phosphite, the ferionfi sulphate is replaced by ferric chloride or anunoninm 
ferric sulphate, the white precipitate of ferric phosphite, Fe2(HP04)8.9H20, is soluble 
in an excess of the soln. of the ferric salt. If ammonia be in excess, a basic ferric 
phosphite may be formed. When the ferric salt is heated, H. Rose said that 
hydrogen and phosphine are given ofi, but C. F. Rammelsberg found only hydrogen, 
and a residual mixture of ferric pyrophosphate, and ferrous phosphate. A. Rosen- 
heim, 8 . Frommor and W. Hanger added a cold, cone. soln. of ferric chloride to a 
sat. soln. of ammonium or alkali phosphite, and obtained sodium lenio hydioiy- 
phosphite, Na2[Fe(OIl)(lirO3)2J.20H2U ; potassium lerric hydroiyphosphite, 
K2[Fe(OH)(HFO^)2|.2()U20 ; and ammonium tonic hydioiyphoBphite, 
(NH4)2[Fe(0H)(Hl‘03)2j.8H2n. 

H. Rose obtained a red*^ precipitate of cobalt phosphite, C0HPO3.2H2O, by 
treating n soln. of aminnniuin phosphite with cobalt chloride ; and C. F. Rammels- 
berg, by treating cobalt carbonate with an aq. soln. of phosphorus trichloride. 
The dried salt is pale red, but after drying at 250 °, is blue. It loses its water of 
crystallization at 250 °. When calcined in a retort, the mass may become incan- 
descent. C. F. Rammelsberg represented the reaction: 7C0IIPO3- 3C02P2O7 
-f CoP-I-TH ; and when evaporated with nitric acid, it yields the pyrophosphate. 
As in the case of the cupric salt, R. Kremanu assumed the existence of sodmn 
cohoUo'pImyhiky Na(^uP()3. A, Rosenheim, 8 , Frommer and W. Handler treated 
a salt of bivalent cobalt with ammonium or potassium phosphite and obtained 
ammonium cobalt phosphite, (Nil4)2[Pn3(HP08)4J.18H20 ; and potassium cobalt 
phosphite, K 2 [Co 3 (HP 03 ] 4 J. 32 H 20 . H. Rose, and 0 . F. Rammelsberg prepared 
nickd phosphite, NiIir03.H20, by the methods employed for cobalt phosphite. 
According to H. Rose, nickel phosphite loses all its water at 250 ° ; and when 
heated in a retort it gives ofi hydrogen alone, aud, according to C. F. Rammelsberg, 
the residue is a mixture of the pyrophosphate with a trace of phosphide. When 
evaporated with nitric acid, nickel pyrophosphate is formed. R. Jvremann assumed 
the existence of sitdxum nvchelojihosph%ie^ N^NiPC^]. A. Rosenheim, 8 . Frommer 
and W. Handler treated a salt of bivalent nickel with an alkali or ammonium 
phu.<<pl)iie, and obtained ammonium nickel phosphite, (NH4)2lNi3(HF03)4].18Il20 ; 
and pota^um nickel phosphite, E2[Ni3(HP03)4|.32Il20. 
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§ 19. Uetaphospboroiis and Pyrophosphorons Acids and theii Balts 


According to H. J. van de Stadt,^ if oxygen and phonphiLe, both iburoughly 
dried, be mixed slowly, a grocnish-blne, often intcrinittent, conibustion occurs and 
metaphosphoiolU acid, HFO2, is formed: PH3-I 02>'’ll2+IlP02 ; and if the 
press, of the gases ib low, crystals of the arid collect on the walls of the containing 
vessel The crystals do not molt at 80 °, and they react with water, forming 
phosphorous acid : nP02+H20 --H3PO8. 

It will be observed that ordinary phosphorous acid may be regarded as ortho- 
phnsphoroua acid, F( 0 H) 3 , which has undergone some intramolecular change, forming 
H— PU-^(0H)2 ; if the meta-acid is regarded as a derivative of the ortho-acid by 
th<^ loss of water, then the condensation of two mols of the ortho-acid, with the 
loss of water, will furnish normal pyrophosphoioilB add, U 1 P 2 O 5 ; 


HO-P=0 


MeLoiihmpliDroiu add, IlPO|. 


HO-P< 


GU 

OH 


Orlliiiphnbplioroui) acid, H3PO3. 


p=(on), 

'^^P=(0H), 

Puupliiibphuroiu odd, Hil'iOn. 


Owing to the peculiar intramolecular change which attends the conversion of 
orthophosphoTOUB acid into ordinary phosphorous acid, it is probable that the 
normal pyiophosphorous suffers a similar change whereby the phosphorus passes 
to the (jumquovalent form : 


no 

HO 



HO. 0 

'^P<= 
HO' ^0 


Phnaphoroiu acid. 


F^ropliospliuicNU add. 


In 1664, N. fiiat obtained a derivative of pTiophosphorouB acid in the 

form of acetopyiopboepboious acid, 11 ,( 021130 )^, 0 ,. In 1888, L. A mat Bhoved 
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that the Becondaiy phosphites lose watei when heated, forming pyrophosphites; 
which cnii be regarded as derivatives of a special pyrophosphorous acid, so that 
H3FQ1 is related to H4P2O5, the same as H3PO4 is related to H4F8O7. He obtained 
a Boln. of the very nnstablc pyrophosphorons acid by treating at as low a temp, as 
practicable a dil. spin, ol barium pyrophosphite with an eq. amount of dil. sulpWic 
acid. He estimated the heat of decomposition to be H4F205Aq,=2H3F033g,4-4*9 
Cals. ; and the heat of neutralization : H4P204Aq.+2Na0HKq,s=Na2H2P205M|. 
•f2H204’2d'6 Cals. L. Amat made about half a dozen pyrophosphitos. In aq. 
soln., they readily form hydrophosphites ; Na2H2F2O5+H2O=2F0H(0Na)(0H), 
and this the more rapidly, the greater the cone, of the soln., and the higher the temp. 
Increasing the acidity oif the soln.^by, say, sulphuric acid— also accelerates the 
reaction. The thermal properties of the pyrophoaphites are said by L. Amat to 
prove that they are not ordinary hydrophosphites. 

L. Amat prepared sodium dibydropyrophosphitey Na2H2P205, in vacuo at 
about 160 ^" until it has lost its water. The product is freely soluble in water, and 
the aq. solo, is unlike one of sodium hydrophosphite in that it is neutral to both 
meth^-orange and phonolphthalein. The soln. is stable when c^old, but when 
boiled, it is converted into the hydiophosphite ; it is the more stable, the less its 
cone., but a cone. soln. can be evaporate for crystallization. The presence of 
acids lessen the stability of the soln. The rate of conversion follows the mass 
law. The change is more rapid the more cone, the soln., but the effect of dilution 
becomes smaller and smaller as the cone, diminishes. With soln. so dil, that the 
concentration is without influence, the rate of change is proportional to the quantity 
of acid present. Nitric and hydrochloric acids exert the greatest effect, sulphuin 
acid somewhat less, and phosphorous acid still less, whikt acetic acid has only a 
very slight effect. The change in presence of alkali is subject to similar laws, the 
rate of change at each instant being proportional not only to the quantity ol 
pyrophosphite present in the soln, but also to the quantity of free alkali. 
The heat of hydrolysis: Na2H2F206$oiid+Il20»oiid=2NaH(HP0i,)B„Hd+6*21 
Cab. ; and the heat of soln. at IS"' is 0-3 Cal. The rotresponding potasrium 
dihydicvyrpphosphite was made in a similar way White calcinm dihydro- 
pyiophosphitet CaH2F205, was made by heating the monohydratod hydro- 
phosphite for 2 days at 150 °. The salt is not completely soluble in water, but is 
freely soluble in hydrochloric a cid. The soln. with both solvents smell of phosphine. 
The analogous stontiam dibydropyrophosphite, BTII2P2O5, and Ukewise buium 
dibydropyiopbooibitei BaH2Cor)5, were prepared by hcatmg the monohydratod 
hydrophosphite for 150 hrs. at 120 °- 15 U°. L. Amat also made thulliuni dibydro- 
phogpbite, TI2H2F2O5, and lead dibydiopyrophogpbit^ Pb2H2F205, in a similar 
way. When a soln. of sodium dibydropyrophosphite is treated with lead nitrate, 
the lead nitratophosphite is formed. The lead salt is readily hydrolyzed by water. 
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§ 20. Phogphonu Tetroxide or FhoqihoroBic Oxide 

According to T. E. Thorpe and A. E. H. Tutton,^ when phosphorus glows in air at 
ordinary temp., phosphoric oxide is the only oxide of phosphorus formed ; at higher 
temp.— about 50 ^- 60 °*-phoBphorous oxide begins to appear, but only when the 
phosphoTUB is ignited does any considerable proportion of that oxide appear. 
This is in agreement with the observationB of fi. Cowper and V. B. Lewofli 
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K. Blondlot, indeed, believed that phosphoric oxide is always the primary product, 
and that the phosphorous oxide is the result of a secondary reaction : 3 P 2 O 5 + 4 P 
=■ TiPjOs. M. Fagels said that the proportion of phosphoieus to phosphoric oxide 
rarely exceeds 1 : 3, but T .E. Thorpe and A. £. H. Tutton ubtained a ratio nearly 1 : L 
In addition to these oxides, when phosphorus burns at a moderately high temp, in 
a limited supply of air, phosphorus tetritoxide is formed [q.v.), P. Uautefeuille and 
A. Pertoy obtained a crystalline Hubliniate by heating the products of the combustion 
of phosphorus, but they regarded it os an allotropic form of phosphoric oxide. 
T, E. Thorpe and A. E, U. Tutton showed that the sublimate was more probably 
a spccihc oxide. According to T. E. Thorpe and A. E. U. Tutton, if the mixed oxides 
formed by the slow burning of phos]))ionis in air dripil by plios]»hDru 8 pentoxide 
be heated in an evacuated sealed tube at about 21 K)°, the white mass becomes 
orange or red, and a sublimate of transparent, lustrous crystals is formed. 
C. A. West employed a somewhat similar mode of preparation. V. Kohlsrhiltter 
and A. Fnimkm observed that some tetroxide is formed by the decomposition of 
the red deposit produced when phosphorus oxidizes in oxygen at a low press. ; 
\i. J. Ikusscll, when the white deposit formed by oxidizing phosphorus in oxygen at 
a high press, is heated in vacuo ; and C. C. MiUer, when phosphorus trioxide oxidizes 
in moist oxygen at 20 ° and 600 mm. press. 

The analysis of the oxide by T. E. Thorpe and A. E. H. Tutton, and 0. A. West 
corresponds with the empirical formula PCs. The former workers assumed that 
Ibis oxide is analogous with nitrogen and antimony tetroxidcs. C. A. West found 
that the vap. density at a temp, exceeding 1400'' uas 22S)‘I{, hydrogen unity ; hence 
the mol, wt. is 458-6, corresponding with the formula PyO^o. This oxide does not 
therefore fall in line intermediate between phosphorous oxide, P 4 OB, and phosphoric 
oxide, P^Oio- No suitable solvent is known to enable the cryoscopic and ebulli- 
sei)])ic methods to bo applied. The term phosphorus tetroxide is therefore a 
iiiisiiomer, although it is usually retained because it has crept into the literature 
nf the subject. Similar remarks apply to many other compounds— e. 17 . phosphorus 
trioxide and pentoxide, etc. It might also be called pImpliorosopJmji/torw oxidr, 
a term which can be abbreviated to phosphorosic oxide. According to T. IC. Thorpe 
and A. E. If, Tutton, phosphorosic oxide cannot be regarded as the anhydride nf 
liypophosphoric acid— uiefe t/i/ro— even though its composition has a formal 
rosomblanee to that of the unknown hifpopfmphoric an/iydridc, bcr.iuse hypo- 
jihusphoric acid cxeits no reducing action on the chlorides of mcTciiry, gold, or 
silver, and forms a sparingly soluble sodium salt. The aq. soln. of phosjiliorosic 
oxide does not possess tliese properties. Phosphorosic oxide is not to be regarded 
as a mere compound of phosphorous and phosphoric oxides, and it is derived from 
phosphorous oxide either by the iliminatinn nf red jihosphorus : 2 P 4 O 0 - 3 P 2 O 4 [ 2P, 
or of phosphorus tetritoxide : 7P^Oo 2 P 4 O | 

Phoaptiorusic oxide forms white rhombic crystals which on a cursory glance 
seem to be cubical. The polarization phenomena do not agree with those of 
tetragonal crystals, and their holosymmetry is not in agreement with hexagonal 
crysbris. The crystals were far too deliquescent in air to allow the crystallographic 
measurements to be made. C. A. West found the sp. gr. to be 2*537 at 22-6° /4°. 
Heat does not cause any appreciable change ; the crystals sublime without melting 
and without decomposition. T, E. Thorpe and A. E. H. Tutton said that no visible 
change occurs at 100°, but sublimation proceeds at 160°. C. A. West found that a 
sample exposed for 12 months to daylight sufiered no visible change. The general 
reactions of phosphorosic oxide in aq. soln. shows that it probably breaks down into 
phosphorous and metaphosphoric acids : 2 FO 24 2 H 20 =UPP 3 -|-HaP 03 . Attempts 
to determine the relative proportions of the two acids did not yield concordant 
results. 

The aq. soln. was found by T. E. Thorpe and A. £. H. Tutton to require repeated 
evaporation with nitric acid in order to oxidize the phosphorosic oxide to phosphoric 
acid. An aq. soln. of the oxide neutralized with sodium hydroMe behaves like a 
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Bohi. of noimal sodiam phosphite. A boiling soln. of soda-lye does not alTeet 
phosphites, but decomposes hypophosphites into a phosphate with the elimination 
of hydiogen ; a soln, of phosphorosio oxide in water behaves towards silver nUrate 
like a sola, of the same oxide which has been boiled with soda-lye. In both cases, 
a white or yellow precipitate is formed which quickly turns brown and finally black. 
In aq. soln., calcium Monde gives no precipitate at first, but a flocculent white 
precipitate is obtained on adding ammonia ; barium chloride or hydroxide gives a 
white precipitate, soluble in hydrochloric acid, but not soluble in acetic acid. 
An ammoniacal soln. of magnesium chloride — magnesia miaiure — gives no pre- 
cipitate with phosphites and hypophosphites except in very cone. soln. ; with a soln, 
of phosphorosic oxide, there is an immediate precipitate of what C. A. West called 
magnesium metaphosphate, and T. E. Thorpe and A. E. H. Tutton, ammonium 
magnesium phosphate A soln. of mercuric diloride gives a white precipitate which 
forms slowly hot or cold ; lead nitrate gives a white precipitate insoluble in acetio 
acid ; and a hot or rold soln. of jxjtassium permanganate is slowly decolorized. 
According to C, A. West, benzene, naphthalene, phenol, nitrobenzene, chlornform, 
carbon disulphide, and eiher seemed to be entirely without action on the oxide, whilst 
acetone was turned slightly brown and acetic acid became deep brown. This action 
seems to resemble that of the commercial phosphorus pentoxide on acetic acid. 
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I 21. Hiniopliospboric Add 

In 1B77, T. SalzGr,^ in his memoir : Ueber die Unterphosphorsdure, proved that 
B. Pelletier's rrcidr pimphalique coutauied an acid previously unrecognized. It is 
now called hypophosphoric add, H 4 r 2 Ge» H 2 PO 3 ; and sometimes subphosphonc 
acid. The phospkatic acid is prepared by the slow oxidation of phosphorus in air 
in the presence of water as indicated in connection with phosphorous acid. T. Salzer 
prepared the acidum phosphori per deliquium by placing sticks of phosphorus m 
glass cylinders half covered with water. The cylinders were suMpended by a string 
in an earthenware mug loosely covered with a sheet of glass. Every third day the 
liqmd in the cylinders was collected, and the sticks of phosphorus again half 
covered with water. He added that the oxidation of the phosphorus is much 
assisted, if large quantities are left to the action of the air and water in the sanir 
space. This is effected, probably not by rise of temp., but by the stronger uzoniring 
of the air, or otherwise by the more active formation of hydrogen peroxide, for the 
phosphorus is most corroded where it dips into the Uquid. It is also remarked that 
the formation of the hypophosphoric acid proceeds with that of the phosphorous 
and phosphoric acids in a certain ratio, until the bquid becomes so cone, that no 
more of the first acid can be formed ; only about 6 or 7 per cent, of the phosphorus 
is converted into hypophosphoric acid, phosphoric acid being the chief proHuct. 
The hypophosphoric acid was separated in the form of a sparingly soluble sodium 
salt by treating the acid with the alkaU carbonate or acetate. A. Joly found that 
the oxidation of the phosphorus in the preparation of phosphatic acid occupies 
48 hra. in summer, and longer in winter. In summer, 10 per cent, of the phosphorus 
is oxidized to this acid, and in winter 12-14 per cent. According to A. Rosenheim, 
W. Stadlei, and F. Jacobsohn, the phosphorus is oxidized very slowly below y, 
and above 10 *’, the oxidation is so rapid that marked quantities of meta- and ortho- 
phosphoric acids are produced in consequence of local heating on the surface of the 
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BtidcB of phosphorus. A. J0I7 obtained sodium hypophoaphate by adding sodium 
carbonate to the boiling acid until neutral to methyl-orange ; when the liquid, cono. 
by evaporation, is cooled, the sodium salt separates. It is washed with cold 
water, and recrystallized from boiling water as Na2H2F^0fl.GH20. T. Balzer said 
that the sodium salt can be prepared dkectly by exposing in air sticks of phosphorus 
partially immersed in a dil. solu. of sodium chloride ( 1 : 100 ). F. Drawe recom- 
mended T, Salzer’s process for preparing le adie phosphalijue^ but he preferred 
collecting the oxidation products in a 25 per cent. soln. of somum acetate in place 
of water. C. Bonsa us^ a similar process. H. Bchuh compared the different 
inodes of preparing the acid. 

J. Cavalier and E. Oomec's method of prepari^ hypophosphorio acid by the slow 
oxidation of phosphoraa in the presence of water, is as foUowB : Qlass rods are placed 
liorizontally on a photograpiiic di^i : sticks of phosphorus are placsd tronsveTsely over the 
rods, and glass rods are placed between the sticks of phosphorus to prevent their touching, 
and BO possibly igniting. Water is poured into the disli until the sticks of phosphorus are 
lialf Hubinergpd. The dish is kept in a cool placs, and covered with a glass plate with a roll 
of wadding as intormodiary so that filtered air can slowly find its way into the dish With 
a dish 13 X 18 emu., it is possible to get 30-5U grms. of the sodium salt in 6-6 days. The 
und liquor is treated for tbn sodium salt ss already described. 

T. Salzer fimnd that hypophosphoric acid is formed during the slow oxidation 
of phosphorous acid in air. Hypophosphorio acid is an intermediate product in 
ILe oxidiitioii of iihosplioriia by cupric nitrate in the presence of dil. nitric acid, and 
J. Oorue prepared hypophosphites by this process in 1 B 82 — ammonia, and 
pliosphorous and phosphoric acids were by-products. P. Drjwe adversely criticized 
this process. J. Philipp substituted silver nitrate for cupric nitrate. F. Tauchert 
oliherved that this acid is one of the products of the action of phosphoms on a 
soln. ol copper sulpliatc. A. Sanger obtam(^d the silver hypophosphate by oxidizing 
pliosph orous acid with silver nitrate in neutral or ammoniacal soln. In this reaction, 
it is a&sumed that 8AgN03-|-2^P03-fH20-fBNH3— A^0^-Ag4P205^ BNIIiN^, 
and the silver oxide formed oxidizes the phosphorous acid to hypophosphoric acid. 
A. Rosenheim and J. Finsker did not recommend this mode of preparation. 

In A RosenliBim and J. Pinsker’s modification of J. Como’s proeoss, 100 gynu. of copper 
turnings oro added (o a mirtura of 100 c.c. of water and 200 D.r. of nitriB acid (sp. 
gr. 1‘4) in a 3 litre Husk When the izitonsity of the reaction has subsided, yellow 
phuBplinriiB is gradually added while the temp is maintained between 60° and 70°. When 
the cloar uolourloss liquid is decanted oil, the copper is all precipitated as Bopper phosphide 
and Ppongy cepper, and half is neutralized with so^um carbonate, and mixed with the other 
iialf. Ciystals of Uio sndium salt, Na|H2PsO|.4HB(), separate after a time. yield 
with popper nitrato is 10 per oont of the thoorotical, but is not so good if silver nitrate is 
used in place of copper. 

A. Rosenheim and J. Finsker showed that zinc, manganese, nickel, cobalt, mercuric, 
and ferric nitrates do nut give appreciable amounts of h}q[>ophosphoric acid — neither 
do the nitrogen oxides — if used in place of Come’s copper nitrate. A. Rosenheim 
and J. Finsker consider that the formation of the acid is due to the action of the 
copper and not of the nitric acid since other salts of copper furnish hypophosphoric 
acid when treated with yellow phosphorus; according to F. Tauchert ( 1913 ), 
there are two reactions : 5Cu(N03)a+4P+8H20— CuaF2+2Cu-|-10lINOa 

+2HaP04; and 4Cu(N03)2+4P+6H80=H4P203+(3u3P2+Cu+8HN08-Bbout 
7 per cent, of the phosphorus is thus obtained as hypophosphoric acid, while as 
much as 20 per cent, may be effective with a hot soln. of copper sulphate. The 
nitric acid further reacts with the copper phosphide, forming phosphoric and 
phosphorous acids and nitric oxide. A. Rosenheim and J. Finsker obtained as 
high as 60 per cent, yields of hypophosphoric acid by the electrolysis of 1—2 per cent, 
sulphuric acid soln. with copper, nickel, or silver phosphide os anode, and the 
corresponding metal as cathode. The phosphide is decomposed, and the phosphoms 
is oxidized to the acid. They used a current of 3^10 volts. With a cathode of 
iron phosphide, the oxidation was carried further and phosphoric acid alone was 
obtained. 
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T. SalzpT isoUted the aoid by disBolving the SDdiiuu salt in hot water, and treating 
the soln. with lead acetate when an insoluble lead hypophosphate is precipitated. 
This salt is filtered from the soln. and washcil with hot water. The precipitate 
is suspended in waler, and a current of hydrogen sulphide passed through the soln. 
Lead sulphide is precipitated, and a soln. of free hypophosphoric acid is obtained* 
On evaporation, the excess of hydrogen sulphide is driven from the soln., but the 
evaporation cannot be carried very far without decoiniiObing the acid. Hence, the 
soln. must he further evaporated in a desiccator in vacuo over sulphuric acid. 
This method is tedious, and not so good as when the barium salt is used in place 
of the lead salt. T. Snlzer, A. Sanger, and A. Joly preferred to convert the sodium 
salt into tlie in^^oluLlo barium hypophosphite, which was then decomposed by treat- 
ment with an eq. amount of sulphuric acid. The filtered soln. was rone, in vacuo 
over sulphuric arid. In time rrystals of the hydrate H2l*03.1l20, or ll4i*20o.i2H20, 
separate. A. 3oly added that in preparmi:; the acid, an elevation of temp,, and an 
excess of sulpliunc acid, should be a\ aided. The rrystals of the hydrated acid are 
liable to dpcumpose if lefl too long in contact with the niother-hquur. 

Analyses by T. »^al/cr, A. Sanger, and A. Joly are m agreement with the 
empirical formula IT2FO3. At first, T. Salzer considered the pho<^pliorus hypo- 
phosphoric acid to be quadiivalont, and wrote the formula 0=r[Ull)2> but he later 
gave up thib idea after he had prepared four bodium salts ; 

rnmury St-iniitUn. Tertian QiMliinniy 

ATjIIPjO. 

and he arrcpteil J. Volhard s sugge.sljun that hypophosj)li{irie and is foripiMl by the 
condensation of a nu)l e.irh of phosphorous and plios])hnTir aeids \)y the elimmation 
of water; (TlOl.-VO - Oll+U 1 (HO) d\0.P(0U)2. Assuming 

that the pliosphorus in pliosphnrous and is qumqiie valent, tins becomes (H0).» : FO 

-H+Oll-FO : (OJl)2 - HjO l-(ilO) ; 

IK) OH no on 

0 I jio-p 0 0 r- p 0 

Ilf) OH no on 


T. Salzer quoted tlie action of brimiine on the 
= 2N!iBr-| in support of this hvpolJiems. 

and ro-worhers, the 


a< id ; NiIjP^Oq j Br^ \ HjO 
Aeeoidiiig to \V. Uosenlieiiii 
fy). curve of mixtures of 
pliospLoJOus and phosjiJionc acids, Fig. 37, lends 
no support to J. Volhard's hypothesis, since it 
hhous no signs of the fonnation of a rhemical 
compound or an isomoipbous mixture of the two 
arads ; and hypophosphoric acid eaunot be formed 
by fuMng together these l^o acids by some such 
leactiou as that symbobzed HgFOs | If^FO^- HiJ) 
t-H4F2O0. Hence, while mixtures of phosphoric 
and phosphorous acids behave hke mixtures, 
hypophosphoric acid behaves like a rhemical indi- 
^ idual. Reviewing the main arguments which have 
been advanced in support of one or other of tlie 
hypotheftes as the mol. formula of hypophosphoric 
arid’-IloVO^, or H4F2O0 -there is (!) T. Salzer s 
reported beiies of primary, secondary, tertiary, and quaternary salts. (3) A. Joly 
found that the hc.it of neutralization of hypophosphoric acid agrees better with a 
dibasic acid, I12F03, than with a tetrabasic acid, H4P207. On neutralizing hypn- 
phosphoric acid wibli potassium hydroxide, methyl-orange changes in tint when 
one eq. of poiassinm has been added per eq. of phosphorus ; litmus changes with 
1-5 eq. of potasbium under the same conditionB ; and pheuolphthalein commences 
to change tint with 1*5 of potassium, and the change is completed when two eq. 
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of potaBauin liave hm, added, ( 3 ) II. Dulet oonsideiB that the iBomoipluBm of 
Bodium pyro- and hypophosphates agrees with the assumption that they have 
similar formnleD. The ciystailine forms certainly have a quasi-identity, but even 
if the crystals are really isomorphous, the formulee of the salts are not ohsmically 
analogous, for neither Na4P20o.lOH20 nor Na^POs-OUgO resembles Na4P2O7.10H2O. 
With the doubled form^ for sodium hypophosphate, these salts have the same 
number of sodium and phosphorus atoms per mol, and approximately the same 
crystalline form, sp. gr., and mol. vol. ( 4 ) N. Pairavono and C. Harini have arguwl 
in favour of the doubled formula Na4F20e because the salts Na4P20B.MoOB ; 
Na4p20B.2MoPB; Na^FBOa-SMoOs; an dNa4F2O0.4MoP8 furnish anions P20e.MoOB,' 
P2OB.2M0O3 ; etc. The argument is a non seguitur because it might also be said 
that 2 PO]| is always united with at least a mol. eq. of M0O3. ( 5 ) A. Rosenheim and 
J, Finsker compared the electrical conductivity fi of phosphoric, phosphorous, 
hypophosphorouB, and hypophosphoric acids, and found 

rhcHphorlo Hypophoflphorlo PhOTphoroua EypophosubDrooi 

acid. Add. Mild. acid. 

Dilution, v=16 . • 124 184 222 246 

Dilution, p—1024 , 341 370 368 367 

and hence inferred that the formula is probably H2FO3. The opposite conclusion 
might be inferred by comparing the conductivity of the acid regarded as U4F2O0, 
with pyropliosphorio acid, H4P2O7, for at dilution 0 = 1024 , /x is respectively 6U8 
and 61 G. Opposite conclusions have also been drawn by A. Rosenheim, W. Btadlei, 
and F. Jacobsohn from measuTemeuts of the conductivities of the phosphorus acids 
to those drawn by N. Parravano and 0 . Marini, and E. Cornec applied to the two 
sodium salts, ^^d Na4P2O0, points to the tetrabasic formula, H4P7O0. 

(h) According to A. Rosenheim and J. Pinsker, the f.p. of aq. soln. of hypophosphoric 
acid and its salts resemble those of pyrophnsphoric acid and its salts, and correspond 
with the formula If4p2O0 ; but it has been argued that Ihis molecular weight really 
represents assoriated mols. and not the mol II4P2O0 of a tetrabasic acid. 

( 7 ) E. Cornec found that the progressive neulralizatiou of the acid by potassium 
liydroxide gives a well-defined minimum corresponding with K4P2O11. (B) R. G. van 
Name and W. i . IluQ found that the speed of hydrolysis of the acid lavouis the 
assumption that the mol formula is II4I2O0. ( 9 ) P. Walden found the formula 
i onuecting the heat of fiisiun and the surface tension with the mol. wt. is in agree- 
ment with the formula IIbI’Ob. ( 10 ) A. Robcnheim and co-workers also found that 
the effect uf methyl pyrophosj)hite,((Tl3)2P03, and etliylpyrophosphite, ((\»H5)2p0j, 
on the b.p. of ethyl iodide or bromide, or chloroform, js iu agreement with the 
simpler formula HbI’Pj in place of II4P2O0. Against this argument, however, 
£. Cornec has shown iliat there is probably 0 decomposition of the ethers at 
the b.p., and he found that the methyl ester lowered the f p. of benzene as 
if its mol. weight were between 220 and 23 G, in agreement with the formula 
(CH3)4p2O0— theory 218 . Even if the ethers did have tlie simpler formula, it 
would make it more probable but would not prove that the acid had the simpler 
formula because M. Meslans found that the hydrofluoric ethers— c.^. ethyl fluoride 
— ^have the simple foimulm RT, while the acid itself has probably the doubled 
formula H2F2. The ciyoscopic behaviour of the free acid, as well as that of the 
potassium salt, is iu agreement with the doubled formula for hypophosphoric acid. 
A. Rosenheim and J. Pinsker added that the higher value for the mol. wt, of this 
acid deduced from the cryoscopic observations, is due to the association of the 
simpler mols., H.2PO3, because ilie mol. conductivity uf aq. soln. is abnormally high 
if the formula is taken as H4P2O0, and the figures so obtained (/x— 267-4 for v= 31-6 ; 
^= 008-8 for v=llll'2) are not in accordance with the properties of hypophosphoric 
acid. Moreover, the mol. conductivity can be brought into line with the mol. 
conductivities of the other acids of phosphorus only when the formula is taken as 
H2p03. R, 0 . van Name and W. J. Huff do not agree with this— vide in/rUf 
electrical conductivity. 
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The fact that phosphorus totrozide, F2O4J furnishes phosphoric and phosphorous 
acids when treated with water is expressed by the structural formula 0=P=03=P, 
If phosphorus tetrozidB be the anhydride of hypophosphorio aDid-^v^ supun-xi 
might be anticipated that 0==P=03=P+2H20->0(0H)2P--0— P(OH)2. If the 
last formula really represented the structure of hypophosphorio acid, it would 
follow that (i) this acid would be a reducing agent like phosphorous acid, but it is 
not ; and that (ii) it ought to be possible to prepare at least two isomers by the 
action of sodium hydroxide on dipotassium hypuphospliate, and of potauium 
hydroxide on disodium hypophosphate, say : 


KO 

KO 


>PO-0-P 


ONa 

ONa 




where in one case the KO-radicles are united to quinquevalent phosphorus, and in 
the other to tervalent ])liosphoruB ; other isomers should also be possible. As a 
matter of observation, the solubility, crystalline form, action of heat, water of 
crystallization, of the dipotussium disodium hypophospliate prepared in different 
ways arc " vullig ideiitiscli.” With the syiniuetrical formula, the decomposition 
into phosphoric and phosphorous acids is well represented by the following scheme ; 

HO OH HO OH 

0 v-r 0 in,o-» o''p-ii 1 iio-T*'' o 

IIU l)K HU OH 

nypophuafihorlc rcIJ. PliiMlilioroUB Add. ]Mi(kpIu»] ii* acid. 

phosphorus tetroxide also decomposes into the same two acids in contact with cold 
water, and this would favour the symmetrical structure : 

0=P<'9il>=0 

0 

With two mols. of water, such an acid would give hypophosphorous acid ; and with 
three mols. of water, a mixture of phosphoric and phosphorous acids. The mol. 
formula of the acid cannot be established by graphic diagrams, even if it be ho 
demonstrated that such a formula is in harmony with the generally accepted valency 
of phosphorus. The formula H2FO3 seems to require the unusual assumption 
that phosphorus is quadrivalent, 0=P=(0H)2, although inorganic chemists have 
sometimes stretched the valency hypothesis as occasion demands. The evidence 
is indecisive. 

Two hydrated hypophosphorio acids have been reported. A. July found that 
when an aq. soln. of the acid is evaporated to dryness in vacuo, crystals of dihydrated 
bypophosphoiic add, H4P20||.2n20, are formed. The four-sided, rectangular 
plates are probably rhombic. They are very deliquescent, and are very soluble in 
water. They lose their water of crystallization in vacuo, and form the anhydrous 
acid. Assuming that hypophosphorio acid, H4?20o, m.p. 70 °, corresponds with 
the above formula, hydrate Il4P20e.2H20, melting 

at 62 °, is sometimes regarded as a kind of orM\ypphosfhofi^ acid: 
(110)4?— P(0H)4, ordinary acid as mdahypophosfhoric add^ (H0)20P 

— P0(0II)2. The dihydratc melts at 62 °- 62 ' 5 °— A. Rosenheim and M. Pritze 
gave 62 °. A. Joly added that the undercooled liquid gradually deposits a mass of 
snow-like crystals of what is probably the anhydrous acid. The mother-liquor no 
longer solidifies completely when seeded by a crystal of the original hydrate. If 
the dihydrate is kept over sulphuric acid, it effloresces, forming a mass whose m.p. 
falls to 55°— that of the anhydrous acid. If kept away from moisture, the dihydratc 
is quite stable. Water decomposes the acid into a mixture of phosphoric and 
phosphorous acids. If the dihydrate be kept in the molten state for some time, 
it gradually decomposes, and the mother^Uquor remaining after crystallization 
contains phosphorous acid. According to A. Siinger, monobpdnted bypo* 
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pthospborifi Bdd, H 4 P 20 e.H 20 j is obtamed in oubicol cryirtab, when the aq, eoln. 
is evaporated over sulphuric acid in a vacuum. The hydrate melts rotween 
79*5^ and 81*5’’, and decomposes, forming a mixture of phonphoric and phosphorous 
adds. The mother^iquor contains some phosphorous and phosphoric acids. 
A. Joly suggested that this hydrate is really a mixture of the ai^ydrous acid and 
the dihydrate, and is not a chemical individual. A. Rosenheim and M. Pritze also 
say that the existence of this hydrate is doubtful ; and that the only stable hydrate 
between 0 ° and 60” is the dihydrate. J. Kendall and co-workers studied the 
relations of these hydrates with those of related acids. 

As previously indicated, small crystals of the anhydrous acid, H 4 P 2 OQ, are formed 
by drying the dihydrate in vacuo. A. Rosenheim and M. Pritze could not obtain 
the anhydrous acid. According to A. Joly, the acid is hygroscopic, and melts at 
05°, forming a colourless, transparent liquid which completely solidifies when seeded 
with a fragment of the original solid. If the temp, be allowed to rise suddenly 
to about 70°, the acid suddenly decomposes with a considerable rise of temp.- - 
say to 99*5° — into a mixture of metaphosphoric and phosphorous acids without 
loss of weight : ]l 4 r 20 Q-’ IlsPOg-t-HPO^. Water is evolved when the acid is heated 
over 100 °, and phosphine comes off about 180°. T. Salzor found that the sp. gr, 
of the aq. Roln. of the acid containing the eq. of 1-1 and 12-3 per cent. PO4 are 
TPSpectivcly 1-036 and 1-122. According to A. Joly, the heat of fusion of the 
anhydrous acid is 3*85 Cals., and of the dihydrate, —4*1 Cals. ; the heat of soln. 
of the crystalline dihydrate is — 1-1 Cals. A. Joly found that the heats of neutral- 
ization of an aq. soln. of the acid with soda-lye, H 2 PO 3 -|-i\^-Na0H at 10 °- 11 ° 
aie : 

NaOH . . OriJV- N- 1*6^. 2N- 3^- 

Jicat ovolvril . 7-57 15-06 21-30 27-11 27-66 Cals. 

Since the heat developed by the Ist, 2 nd, and 3rd eq. of alkali progressively increases, 
it would appear as if the acid here behaves as if it were dibasic. E. Comec examined 
the effect of the progressive neutralization of hypophosphoric acid by potassium 
Jiydroxido on its f.p., and the resulting curve is lowered down to that required for 
tlip normal salt, E 4 P 2 OQ. There are breaks in the curve indicating the existence 
of the primary, spcnudary, tertiary, and quaternary salts. Analogous results 
were obtained with aq. ammonia and hypophosphoric acid. The behaviour of the 
acid is very similar to that of p 3 rrophosphoric acid. 

Measurements of the electrical conductivity of hypophosphoric acid were made 
by N. Parravano and C. Marini, by A. Rosenheim and J. Pinsker, and R. Q. van 
Name and W. J. Huff. For soln, with a mol of the acid in v litres of water, J. Pinsker 
found at 25-6° : 


V . . B 16 32 64 128 256 612 1024 

^ . . 163-8 173-6 187-2 218-2 242-0 26BB 2DS-4 316-0 


.According to R. G. van Name and W. J. Huff, these results are somewhat too low. 
The acid is more or less hydrolyzed. At the lower dilations, the conductivity of 
the pure acid is larger than an eq. mixture of phosphorous and phosphoric acids, 
while at higher dilutions, this relation is reversed. A. Rosenheim and J. Pinsker 
argued that the mol. conductivity, referred to the HsPOg-formula, is of the same 
order of magnitude as the moL conductivities of phosphorous and phosphoric 
acids ; 
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and seems to tend on dilation towards the same limit. This tendency is to be 
expected if the normal mol. were H 2 PQ 8 ainpe the anions HPO' 2 , H 2 P 0 ^ 3 , and 
H 2 P 0'4 on account of their similarity in structure would probably have nearly the 
VOL. viii, 3 0 
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BBme velocities. B. 0 . van Name and W. J. Hufi showed that the phenomenon 
is equally well explained by the H4P20s-formula. Owini; to the high velocity of 
the hydrogen ion, the conductivity of H'+H2P2C)"^5) would be nearly the 
same as that of (H’+HFO'^). That two and only two of the eq. of hydrogen in 
the mol. H4P2O8, are extensively ionized is indicated by the fact that two of these 
eq. of hydrogen, but not the third, can be titrated in the presence of methyl-orange. 
On the assumption that the anion is UPO'3, A. Bosenheim and W. Beglin found 
the transport number to be 0-425 with a O-lN^soIn. of NaHr0^.3H20, at IG**. The 
transport number at 16 ^ is 25 - 4 , and at 25 °, 31 - 6 . 

The cone. soln. of h3rpophoBphoric acid is a syrupy liquid which tastes acid. 
P. Schulz said that the hypophosphates act as poisons. According to A. Bosenheim 
and J. Pinsker, the acid reacts as if it were monobasic towards alkali hydroxides, 
using methyl- orange as indicator and as if it were hemitribasic with phenolphthalein. 
T. Salzer found that hydrogen in statu nascendir—bom zinc and sulphuric acid-* 
has no action. The soln. of purified hypophosphoric acid in water can be kept 
for a time, and e\en boiled without change, but when the suln. is cone., decomposi- 
tion takes place if the temp, exceeds 30 °. With long keeping, however, the acid 
is hydrolyzed : n4P208-|-Il20=H3P03-fn3F04. A 6 per cent. soln. did not 
contain a trace of hypophosphoric acid after being kept for 3 years. The hydrolysis 
thus yields an equimolar mixture of phosphorous and phosphoric acids ; it is non- 
reversible ; it is accelerated by acids ; and since soln. of acidic sodium hypo- 
phosphate are stable at room temp, for long periods, the H‘-ion cone, is below the 
turning-point of methyl-orange, 10"^, and the hydrolysis at moderate temp, is 
negligible. Distinctly alkaline soln. are more stable. K. G. van Name and 
W. J. Huff measured the speed of hydrolysis in the presence of hydrochloric acid 
at 25 "^ and and found that in dil. suln. where the hydrogen ion cone, is approxi- 
mately normal, the reaction is unimuleciilar : Il4p20B+U20=ll3p03-j ll3F()4, 
and not 2H2PO3+H2O— H3PO3 | n3P04. The mean value of the velocity cocll. 
rises from 0 - 0001 B 6 at 25 ° to 0 *(X>G 31 at In general, the results of the hydrolytic 
decomposition of hypophosphoric acid cannot be ignored except in special cases 
where temp., acidity, cone., and time have exceptionally low values. Add soln. 
of hyjiophosphates cannot be boiled without loss, nor can they safely be cone, by 
heat, and even at room temp, there will be serious danger of loss (0) in soln. cou- 
tuining a large excess of other mineral acids, and (b) when the hypophospliate 
itself is present in high cone., as is the case, for example, in cone. soln. of pure 
hypophosphoric acid. Accor^ng to A. Sanger, A. Rosenheim and M. Piitze, and 
J. Kendall and co-workcrs, there are indications of the formation of a monuhydrat?, 
H4P2OB.H2O, and of a dxhydrate, H4P2OB.2H2O. The acid is not affected by 
hydrogen dioxide. Indeed, hypophosphoric acid is to be regarded only as a very 
weak reducing agent. The halogens, at atm. press., do not change the free acirl. 
The aq. soln. of hypophosphoric acid is not changed in the cold by the mineral 
adds ; but when the temp, is raised, hydrolysis occurs and phosphorous and 
phosphoric acids arc formed. No perceptible change occurs when hypophosphoric 
acid is treated with hydrogen Bu]pUde« or with solphnr dioxide ; and dil, sulphuric 
acid slowly hydrolyzes hypophosphoric acid when the soln. is boiled. The dll. 
soln. is not affected by dil. nillic add, even when boiled ; if the soln. is evaporated, 
however, nitric acid breaks down the hypophosphoric acid, and oxidizes the 
liberated phosphorous acid. 

According to T. Halzor, sodium chloride makes the soln. slowly become turbid 
owing to the formation of the sparingly soluble sodium bypophospbite ; sodium 
sulphate behaves similarly. A white precipitate is quickly produced on adding 
sodium acetate to the acid. The blue precipitate product by copper sulphate 
does not change its colour when boil^. The white precipitate produced by 
silver nitrate is not discoloured by boiling, and unlike the corresponding precipitates 
with phosphorous and hypophosphorous acid, does not blacken on exposure to light ; 
gold chloride is not reduced. White precipitates are produced with lime-Wft^p 
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and bujiSpWatttr; while calduni and hflriiua ohloridQl do not give a precipitate. 
With a Boln, of magneninm sullihatei a precipitate is product when ammonia 
IB added — ^the precipitate dissolvea when ammoninm chloride is added. A pre- 
cipitate ia produced with sino sotphate when ammonia is addedi and the precipi- 
tate is soluble in an excess of ammonia, A Boln. of niBEClIlio ohl O"d o gives 
no precipitate and is not reduced ; but, added L. Amati if the soln. is warmed, 
mercurouB chloride is precipitated, probably because of the splitting of hypo- 
phosphoric acid into phosphorouB and phosphoric acids. T. Bolzer found that 
Boln. of fnercurous and mercuric nUrales give wUte precipitates which do not change 
in colour in boiling soln. A soln. of potash-aliun behaves lihe zinc sulphate. A 
soln. of lead niLrate or lead acetate gives a white precipitate. A soln. of potassiiim 
dichromste is not reduced even by boiling hypophosphoric acid. N. Farravano 
and C. Marini found that complex salts are produced by nudybdEtOB and tongstateSv 
but the salts were not isolated ; T. Salzer found that a mixture of ammonium 
molybdate and hydrochloric acid gives no precipitate in cold or hot soln., but 
when the hot soln. is mixed with nitric acid, the yellow precipitate characteristic 
of the phosphates is formed. A soln. of a permailKBlldte is slowly reduced in tho 
cold and rapidly when heated in the presence of dQ. sulphuric add. A sob. of 
ferrous sulphate gives a sinall precipitate ; and a sob. of ferric chloridei a copious 
white precipitate. A soln. of platinic dlloiride gives no precipitate and is not 
reduced by hypophosphoric acid. 
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i 28. The H^phoephatei 

In 1877 and subser^uent years, T. Saber ^ prepared the primary, secondary, 
tertiary, and quaternary salts as well as some more complex types. Some of the 
bypophosphato are obtained by saturating the add with the base, and others by 
double decomposition of, say, the barium salt with a sulphate of the required base. 
The alkali salts are usually soluble in water, while the secondary sodium salt, the 
barium, and the silver salts, and the salts of the heavy metab are but sparmgly 
soluble in water. The salts, in gen^, behave like the phosphites and hypo- 
phosphites, but they are much more stable, and require a higher temp, for decom- 
l>osition. Wh en heated, they ususlly break down, giving oS hydrogen or phosphme^ 
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and loaving behind a phosphide or phosphate ora mixture of the two— niver hypo- 
phosphate gives silver and the metaphosphate. J. Palm prepared manganesei 
iron, chromium, aluminium, acid bismuth hypophosphates in a similar way. 
P. Diawe, J. Palm, and C. Bansa prepared isomorphous, rhombic crystals of the 
acidic double salts of the type M^^H2p205.K2H2P20e.nH20, where denotes an 
atom of a bivalent metal—nickel, cobalt, cadmium, manganese, zinc, and copper — 
also normal double salts M''E2P208.97H20, where M"' denotes an atom of bivalent 
cobalt or nickel. Double salts with sodium in the place of potassium were also 
obtained. 

A. Sanger prepared tthyl hypoplmphaU^ (C|H|)|P|Og, as a iliiok, DolourlesB liquid 
of sp. gr. M17 at IS**, by heating silver hypopliospbate with ethyl iodide. The 
eater is hydrolyzed by 'water, and docompoKOs, when heated, into ethyl phosphate and 
phosphite. Consequently, tho vapour density ronnot bo dotonnined. The correspond- 
ing methyl hypophoaphaif^i (CUa)|P|0|. lias a sp. gr. 1-109 at Both esters form 
a oalcium salt, RCaUP|Pi 511 10. A. Ronenheim, AV. Stadler and F. Joeubsohn could not 
prepm ethyl hypophosphato because it so readily passc'd into etliyl pyrophosphate 
A. Rosenheim and J. Pinsker also prepared white noedle-liko rryslols of a characteristic 
epartngly soluble uuanidmt hypophMphaJte, (CNaH^) 4 lJ|P 03 .Cll| 0 , by treating giianidinn 
carbonate with a soluble hypophosphate or the free acid ; and 1. MiiUer show^ that if 
hot conr. sola, are mixed, the preei]ittated salt has the oompositlon (CNyTIalaPOi UgO. 

T. Salzer prepared normal or quaternary arnmnninm bypophosphatei 
(NH4)4P20||.TT20, by treating a 5 per cent. soln. of hypophosphoriu acid with an 
excess of ammonia. The prismatic crystals effloresce so quickly by the loss o{ 
ammonia in air that measurements of the crystallographic constants were not 
practicable. KXJ gims. of water dissolve 3-3 gruis. of the salt. The aq. soln. has 
a stroTig alkaline reaction ; it gives no precipitate with ammonia ; it loses ammonia 
when evaporated and becomes acid, furnishing the secondary salt, T. Salzer 
obtained the secondary salt ammemium dibydrohypopho^pbito, (NH4)2ll2P20o, 
by over-saturating the acid with aq. ammonia, and allowing the soln. to evaporate 
spoutaneonsly. If the soln. is such that no more ammonia escapes during evapora- 
tion, some primary salt may be formed. A, P. Sabaneefi evaporated the soln, 
obtained by neutralizing tho free acid with ammonia, using methyl-orange as 
indicator ; and T. Salzer, the soln. obtained by the double decompo.sition of the 
secondary barium salt with ammonium sulphate. The granular or acicular crystals 
lose neither w'ater nor ammonia at 110*^ ; and the salt can be heated to for 
an hour without appreciable decomposition, but at a higher temp., decomposition 
occurs. A. P. Sabaneed gave 170 *^ for the m.p., and found the mol. wt. by cryuscopic 
observations of the aq. soln. in agreement with the formula indicated, so that the 
salt is structurally isomeric with hydrazine hydrophosphite. T. Salzer found that 
100 grma. of w'atei at 14 ° dissolve 7-1 grms. of sdt, and at the lioiling temp., 23 
grins. If a soln. of this salt with the necessary quantity of acid be evaporated 
on a water-bath, and aUowed to crystaUize in a desiccator, granular crystals of the 
primary salt, ammonium tribydrohypopboBPbate, formed. 

This salt is very soluble in water ; it melts at a lower temp, than the dihydro-salt, 
but otherwise behaves iu a similar way. 

A. P. Sabaneefi prepared bydroxylamine dibydrobypppbospbate, 
(NH3OH)2H2F2O0, by crystallization from a soln. obtained by mixing the barium 
salt with bydroxylamine bydrosulphate. The salt is structurally isomeric with 
hydrazine dihydrophosphate ; it melts with decomposition at 139 ° ; and is freely 
soluble in water. He prepar^ hydioziiie dihydzoh^phoq^tB, (N2Hb)2H2P2()6i 
by crystallization from a soln. of the acid neutralized with hydrazine hydrate 
using methyl-orange as indicator. The prismatic crystals are fredy solnble in 
water. If half of a given amount of hypophosphoric acid be neutralized as just 
indicated, and mixed with the other portion of acid, the soln. furnishes crystals 
of bydn^e trihydrohypophoqibAte, (N2HB)H3P20e. The salt is structurally 
isomeric with ammonium dimetaphosphate; it melts at 152 °*; and, at ordinary 
temp., 100 grms. of water dissolve 1-5 grms. of the salt. If the aq. soln. of this 
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salt be neutralized with ammonia^ uaing methyl-oiange as indicator, and the eoln. 
allowed to crystallize without warming, hydruniB Mwimnninm dflodrohypo- 
gtaovtaate, (NH4)(N2H5)H2P208, is obtained in small crystals, readily soluble in 
water. 


According to C. P. Bammelsberg, and T. Salzer normal lithinm hypophospbatOb 
Li4P20o.7H20, is obtained by mixing soln. of the normal sodium salt and lithium 
chloride in the molar proportions 1:2; and by adding sufficient lithium carbonate 
to hypophosphoric acid to give a liquid which still has an acid reaction. H. Schuh 
regarded this salt as a hexahydrate. A. Itosenheim and W. Beglin gave for the sp. 
conductivity of a sat. sciln. at 25®, 2-772 XlO“* mho. C. P. Bammelsberg said that 
the salt can be recrystallized from a hot cone. soln. in water and acetic acid. The 
crystals lose 5 mols of water at 120®, and 6 mols at 300®. The salt is sparingly 
soluble in water — C. V. Bammelsberg said that at ordinary temp. 100 grms. of water 
dissolve 0-83 grm. of the salt. A. Bosenheim and W. Beglin observed a negative 
temp, coeff . of the solubility, for at 0®, 25®, and 40®, 100 grms. of a sat. soln. contained 
respectively 0-1018, 0-0575, and 0-0480 grm. of L^PgOo^HoO. The salt is easily 
soluble in hypophosphoric acid. The mother-liquor from the normal salt yields 
ill-defined crystals of lithium dihydrohypophosphatB, Li2Tl2p2()o-2H20. H. Schnh 
regarded it as a tetrahydratc. 1. Miillei has 
investigated the conditions of equilibrium of the 
ternary system, Na20-P204-'H20, at 30°, and 
his numbers are plotted in Fig. 38. The point 
A corresponds with a sat. soln. of NaHP03.3ll20, 
or Na2H2Fz08.G}l20, and the curve AB must 
correspond with the appearance of a second salt, 
otherwise the addition of soda-lye to a sut. soln. 
of NallPOa-SlIzO would lower the solubility. 

This salt is T. flalzer’s Na3HP20a-^^2Q* 

NaaH(P03)2.9H20 ; i? represents the solubility 
of a sat. sob. of this salt. The behaviour of 
the curve BCD (allowing fur errors of experi- 
ment) corresponds with the formation of 
T. Salzer’s Na8Hg(P2Os)2.20H2O, but the salt 
not isolated. The curve DE corresponds 


was 
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with the appearance of necdle-like crystals of the 
salt N’a2P03.5H20, or T. Ralzcr’s Na4P208,10H»0. 

The kmk H in the curve AG corresponds with 
the salt Na3H5(p208)2.nnz0— the sodium analogue of T. Salzer’s K3H5(P20(i)2.2Il20 
— but the salt was not isolated. Under the conditions of these experiments, 


therefore, four salts— Na4P2O0.1OH2O; Na3Hp206-^ll20; Na2H2P20e-^*Il20 ; and 
Nall3P208.2H20— can exist in aq. sob . at 30"' ; while the salts, Na5ll3(P2O6)2-20H2O, 
and Na3H5(r20o)2.nn20, could not be obtained, though there were iudications of 
their presence. 

T. Salzer, U. F. Bammelsberg, and H. Schuh prepared acicular crystals of the 
decahydrated normal sodium hy^phosphate, Na4P20o.lOH20, by cooling a boil- 
mg sob. of equimolar parts of sodium diliydroliypophosphate and sodium carbonate; 
if an excess of cone, soda-lye be rapidly added to a soln. of one part of the dihydro- 
salt m 50 parts of water, the salt is immediately precipitated, if the soda-lye be not 
m excess, the sob. lemams clear, and the crystals are deposited by gradually addu^ 
more lye. The range of stability is indicated in Fig. 38. The six-sided monoclinio 
crystals were found by W. Fiesenius to have the axial ratios aibic 
=2-0435 : 1 : 1-9099 ; while H. Dufet gave 1-1718 : 1 : 1*9077, and i8=79® 44', 
and sp. gr. 1-8233. T. Salzer found that when the salt is heated, it decompose 
without bcandescence, for ming a reddish-coloured mass, which gives a turbid 
yeUowish-red sob. m water. If the tetrasodium salt is heated, it passes mto the 
pyiophosphatei while the disodium salt forms the metaphosphate — ^it is therefore 
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possible to detcnnine tbe proportions of the di- and tctra- sodiam hypophosphates 
in a mixture of the two on &e assumption that each constituent of the mixture 
behaves like it would alone. 100 parte of water dissolve 2 parts of the salt. 
I, Muller gave for the solubility of the anhydrous salt in 100 grms, of water : 

25 2‘ 30" 35* 40 2* 45" 50" 

Solubility , 1-49 172 1-96 2-27 2-71 3- IB grms. 

T. Balzer found that the aq. eoln. reacts alkaline, and colours turmeric brown, and, 
said A. Joly, phenolphthalein, red. T. Balzer added that the salt cannot be re- 
crystallized from water without change. Bromine changes the aq, soln. into the 
dihydropyrophosphate : Na 4 P 20 e+Br 2 +H 20 =-NanH 2 P 207 + 2 NaBr. T. Salznr 
said that in preparing the normal salt, sometimes a small quantity of a salt of 
the same composition is formed \ it is almost insoluble in water. It has not been 
examined, and was provisionally regarded os a polymer. If a mol of sodium carbon- 
ate, and 4 mols of the dihydro-salt, be dissolved in water and boiled until carbon 
dioxide is no longer evolved, rhombic plates of sodium tiihydlodiliypopbQqihates 
Na 5 H 3 (p 2 OQ) 2 . 20 }l 2 O, separate on cooling. The range of stability is indicated in 
Fig. 38. E. HauAofer said that the monoclinic crystals have the axial ratios 
n: b; 0=1-3638: 1 : 0-5761, and j3=78°38^ T. Balzer added that 100 parts of 
water dissolve 6'7 parts of the salt ; the soln. is only feebly acid ; and on evapora- 
tion furnishes crystals of the dihydro- and trihydro-salts. 1. Miiller suspected 
the existence of sodium pentahydrodihypophoqdiBte, NaaH 5 (P 20 e) 2 , with the very 
limited range of stabih’ty indicated in Fig. 38. 

T. Balzer prepared sodium hjdiolvpoplioqiliate, Na 3 nP 205 . 9 H 20 , from a 
soln. of a mol of the dihydro-salt with 0-5 mol of sodium carbonate, or a mol of the 
normal salt. The range of stability is indicated in Fig. 38. The clear, cnlourlcss 
crystals are nsually tabular, and, according to H. Dufet, belong to the inonoclinic 
system, having the axial ratios orb: c=l-5592 : 1 : 1-SIOS ; j8--77® 33' ; and the 
sp. gr. 1-7427. T. Balzer added that the salt loses its water of crystallization at 
1()0°, and at a higher temp, glows and pves oS phosphine. The crystals do not 
effloresce in air ; 100 parts of water dissolve 4*5 parts of salt. According to 
I. Muller, 100 grms. of water dissolve S grms. of the anhydrous salt : 

23" 81)2" 35 2* 40" 45* 6 D" 

Solubility . 4-67 6 - 8 S 7-10 D-00 14-PG grmp. 

T. Balzer said that the aq. soln. is alkaline, and, according to A. Joly, gives a pale 
violet colour with phenolphthalein. T. Balzer, and H. Bchuh prepared sodium 
ditaydiohypophosphate, Na 2 ll 2 P 20 o- 6 H 20 i from hypophosphoric acid as previously 
indicated in connection with the acid. The range of stability is indicated m 
Fig. 38. A. Joly obtained it from a soln. of hypophosphoric acid neutralized with 
sodium carbonate until a methyl-orange indicator reddens. The mouoclinic 
crystals are often monoclinic. K. Haushofer gave for the axial ratios a : b : c 
=-2<X)52 : 1 : 2-0568, and j3=52° 33' ; while C. R. Fresenius gave a:h\c 
=2-0115 : 1 ; 2-0436, and j3=53‘* 10*5'. H. Dufet added that the birefringeuco is 
positive, and the sp. gr. 1-8491. According to T. Balzer, the clear crystals remain 
unchanged at ordinary temp., but over cone, sulphuric acid, or in contact with 
alcohol, they lose water and become turbid. At 100 ^, the water of crystallization 
is expelled, and the salt suffers no further change at 200°, but at 250° tbo salt melts, 
and at higher temp, gives off phosphine and hydrogen, and forms sodium phosphide 
as well. When heated in an atm. of carbon dioxide, no phosphine is given off. 
100 gnns. of cold water dissolve 2-2 gnns. of the salt, and boiling water, 20 grms. 
L Muller gave for the solubility of the dihydro-salt in 100 grms. of water : 

25" 30" 85" 40* 45" 60" 

Solubility . . 2 00 2-67 3 08 3 77 4 76 6-96 

The results are indicated in Fig. 36 . According to T. Balzer, the aq. soln. has an 
odd reaction, and is stable in air; the calt dimlves more easily in dil. sulphuric 
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acid than in water ; it is freely soluble in aq. ammonia ; and not so soluble in a 
Boln. of sodium carbonate, N. Parravano and C. Marini, and A. Rosenheim and 
W. Stadler meaRUied the electrical conductivity of soln. of the sodium salts; 
A. Rosenheim and W. Rc^Iin gave for the eq. conductivity A, with a mol of the salt, 
Nrj|H2p20o.6H20, in v litres of water at 25*" : 

0 * . B 16 82 64 128 256 512 1024 

A . . 71-B 78-8 86 1 02*2 95-0 9h-l 100'7 101-6 


T. Salzer prepared sodiom Whydrobypophosphate, NaHyP^Oo, by slowly cooling 
a hot cone, soln. of the dihydro-salt mixed with some hyj)ophosphoToua acid. 
I. Muller also obtained this salt. According to 

K. Haushofer, the acicukr or tabular crystals I I I I I I I I P 

are monoclinic with the axial ratios o:6:c / 

:-2-0()23;l :l-0!K)7,andj8=-82“4r. Theaq.solD. | iL 

deposits crystals of the dihydro-salt. When §// 2 — 

heated, the salt melts in its water of crystalliza- l ^ 

tioD, and at a higher temp., the salt decrepitates 

and gives off hydrogen which ignites. i 

T. Salzer ]>rcpared primary or normal potas- ^ 7 

slum hypoph^hate, K4P2O0.8H2O, by adding 2 ^ 7^+ — 

mols of potassium hydroxide 1 0 a soln. containing ^ ^ ^ : [D[“ ^ ' 

one mol of the dihydro-salt, and evaporating to | 
a synijiy liquid on the water-bath, and finally in ^ 

a desiccator. 0. Bansa said that the salt cannot ^ ZZZ 

be prc])ared by double decompositiou of the barium 75" J5" 5^" 

salt with potassium sulphate because the rcartiou Pt”. 36.— The Solubility of tla 
is an ineomjdete one. K. Haushofer said that the 8oduim llyiiophu^plmtos ir 
prismatic or tabular crystals are rhombie pyramids ' 

with a tetragonal habit, and have the axial ratios a : 6 : c— 0'Dir)B : 1 : 1'0]24. 
T. Salzer found that JOG gnus, of water dissolve rather more than 25 grms. of the 
salt. The soln. is allralinc, and does not absorb carbon dioxide from the air. The 
salt melts at about 40'’ in its water of crystallization ; it loses three-quarters of its 
wnlcr at 60*", and the remainder at 150*" without decomposition; but at a higher 
temp, it forms pyiophnspLatc. The salt is insoluble in alcohol, but is not precipi- 
tated l)y alcohol from its aq. soln. T. Salzer also found that potassium pemtahydro- 
dihypophosphate, K3ll5(r2O0)2.2lT2O, is deposited when a soln. containing 3 mols 
of potassium dihypophosphat b and one mol of liypophosphoric acid is evaporated. 
If a smaller proportion of acid is u.sed, this salt is also formed, but is apt to contain 
potassium trihydrohypoph ospliute. According to U. R. Fresenius, and K . HauslLofer, 
the crystals belong to the rhombic system, and have the axial ratios 
=-0-6792 : 1 : 0-8508. The salt is soluble in 2-5 parts of cold and in 0-8 part of 
boiling water. On the addition of alcohol to the aq. soln., dipotassium hypo- 
phosp^te is precipitated. The crystals become anhydrous at 100°. 

T, Salzer obtained potassium taydrobypophosphate, K3HP2OQ.3H2O, by the 
addition of equimolar parts of potassium hydroxide to a soln. of potassium diliypo- 
phosphate and evaporating for crystallization. According to K. Haushofer, the 
salt crystallizes in the monorlinic s)rstBm, and has the axial ratios a\h\c 


=0-4224 : 1 : 0-9902, jS-- 89° 35'. T. Salzer said that the crystals are soluble 
in half thcii weight of water, forming an alkaline soln., but are insoluble in alcohol. 
They lose their water of crystallization at 100°, and at a higher temp, form 
potassium pyro- and meta-phosphate. T. Salzer also prepared di- and tri-hydrated 
potassium dibydrohyppphospbateSy K2H2P2O0.2II2O, and E2H2l^2(^,6-3^2^’ 
the soln. obtained by digesting the barium salt with a soln. of potassium sulphate. 
The evaporation of the filtered soln, furnishes either rhombic prisms or plates of 
the trihydiRte which, according to K. Haushofer, have the axial ratios a:h:c 
=0-9873 : 1 ; O-OIDO ; or monoclinic plates of the dihydrate, having the axial 
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ratios a:h: €^^' 7241 : 1 : 0 * 7949 . and 50 '. T. Bidzer did not find a method 
for obtaining crystals of only one form. The trihydiate efiSorescee in aitj the 
dihydrate is stable. They lose their water of crystallization at 100°, and at a 
higher temp, give off hy^ogen which inflames ; the residue contains the meta- 
phosphate. Both salts dissolve in throe times Iheir weight of cold water, and in 
their own weight of hot water. They are pioripitated from their aq. soln. by the 
addition of alcohol. These two alleged hydrates want further examination. 
According to T. Salzer, potassnun tfibydrohypophosphAtei EHsPsOq, is deposited 
during the slow cooling of a hot cone. soln. of the dihydro-salt and hypophosphorio 
Acid. The monoclinic prisms were found by E. Hau^ofer to have the axial ratios 
o : b : c= 0 - 9331 : 1 : 0 - 6612 , and j 3 =r 43 ° 7 '. T. Salzer added that 100 parts of 
water dissolve 66-7 ports of salt in the cold, and when boiling, 200 parts of salt. 
The soln., which have an acid reaction, give a precipitate with alcohol. On spon- 
taneouB evaporation, the cold aqueous soln. yields potassium pentahydrodihypo- 
phosphate ; whilst the hot soln. contains, in addition to this salt, the potassium 
hydiohypophosphate. The trihydrohypophosphate undergoes no change at 
100°, but at 120° it absorbs moisture from the air, forming phosphorous acid and 
potassium pyrophosphate. 

The two series of potassium and sodium salts prepared by T. Sslzcr are thus 
analogous, but he could not make the sodium analogue of E3l[5(P2UB)2.2n20, nor 
the potassium analogue of Na5n3(p2Oe)2-20H2O. There is no evidence to show that 
the sodium bait, Na5H3(P2OB)2.20H2O, and the potassium salt, KbH 5(P2O0]2.2H2O, 
are derivatives of polymerized hypophosphoric acid; they may be association 
products analogous with H.C 00 H.U. 000 Na ; ENOs.2HNO]| ; etc. If the mol. 
constitution of the acid be H2PO3, this would render necessary a modification of the 
present view of the constitution of these salts. The quaternary sodium salt would 
become Na2P03.5H20 ; and the secoiLdory salt, NaHP03.3H20 ; while tlie tertiary 
salt, Na3UP20(,.9H20, would become a double salt, NB2PU3.NaHPO3.9H2O; the 
primary salt, NaH3P20s.2H20 ; a double salt, H2POs.NaHPO3.2H2O; and the 
pentas^um salt, a double salt, Na2POg.3NaHPO3.20H2O. H. Schuh prepared 
nibidiiiiii ditaydrohypophosphate, Rb2H2P20o.2H26 ; and the normal rabidhim 
hypophosphate, Rb4F2OQ.10H2O. 

T. Salzer obtained a blue precipitate on adding a soln. of cupric sulphate to 
hypophosphoric acid, andP. Drawc prepared cupric liypopllOBphite» Uu2r20Q>6ll20 
by adding a warm dil. soln. of the normal salt to an excess of warm soln. of coppei 
sulphate. The salt is insoluble in water, and soluble in dil. acids. It does not form 
the pyrophosphate when calcined in air. 0 . Bansa made potassium copper octo- 
liydzol;etraliypophospliate, 3 E 2 H 2 F 20 B.CuH 2 F 20 e.l 5 H 20 ,DrEBCuIl 8 (P 20 e) 4 . 15 H 20 , 
by adding to a cone. soln. of potassium dihydrohypophosphate a few drops of 
a 20 per cent. soln. of cupric sulphate. On standing a few hours, the soln. 
deposits pale blue, aciculor, and tabular crystals of the complex salt, which melts 
with decomposition at 170 °. T. Salzer prepared silver hypophosphate, Ag4F20Q, 
by tbe action of silver nitrate on a neutral or acidic soln. of sodium hypophosphate ; 
J. Philipp, by warming phosphorus with dil. nitric acid in the presence of silver 
nitrate— Wr supra ; A. Sanger, by the action of silver nitrate in neutral or feebly 
ammoniacal soln. on sodium hypophosphate — some silver suboxide is formed at 
the same time — vide supra ; and F. Tauchert, by the action of silver nitrate on a 
worm soln. of sodium dihydrohypophosphate. The white salt is not very sensitive 
to light ; and when boiled with its mother-liquor, is not discoloured. It is insoluble 
in water, and sparingly soluble in nitric acid; and almost insoluble in 
hj^ophosphoiic acid, so that T. Salzer was unable to make an acidic salt. J. Philipp 
said that the salt can be rccrystallized from a nitric acid soln. of silver nitrate ; 
and A. Sanger, that the salt is oxidized to the normal phosphate by silver oxide. 
C. Bansa obtained crystals of sodium potassiam bypophosphate, Na2E2F20B.9H20, 
by adding the theoretical quantity of potassium carbonate to a soln. of sodium 
dihydrohypophosphate. The rhombic crystals have the axial ratios a:5:c 
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=1*0728 1 1 : 1*00845. The crystals do not change in air. They are soluble 
in about 3 parts of hot water, or 25 parts of cold water; 8 mols of water are lost 
at 100°, and the remainder at 260” ; at 300”, the salt becomes brown, then white 
again, and finally melts. At a red-heat, the salt bums owing to the inflammation 
of the escaping hydrogen. No phosphine was detected. 

T. Salzer made nomml caldoin hypophosphate, Ca 2 F 20 B. 2 H 20 , by treating a 
soln, of the normal sodium salt with calcium chloride. He added that a neutral 
soln. of a calcium salt will give a turbidity with a dilution of 1 in 20 , 000 . The 
washed precipitate is not crystalline, but gelatinous, and it becomes granular after 
standiug some time. The air-diied salt retains some moisture, The combined 
water is lost at 200 ° when some oxidation occurs. At a dull red-heat, calcium pyro- 
phosphate is formed without the inflammation of evolved hydrogen. The salt is 
insoluble in water ; sparingly soluble in acetic acid ; and freely soluble in hydro- 
chloric or hypophosphoric acid. If barium dibydrohypophosphato suspended in 
water is treat^ with calcium sulphate, or the normal calcium salt be treated with 
the theoretical quantity of hypophosphoric acid, and the clear soln. evaporated with- 
out a rise of temp., crystals of caldnm ditaydiohypophoi^hate, CaH 2 F 20 o. 6 H 20 , 
arc formed. According to K. Haushofer, the monoclinic plates or prisms have 
the axial ratios a:h: r- 1'1342 : 1 : 2*5426, and j3=94° 31'. T. Balzcr found 
that tljB salt loses two-thiids of its water on exposure to air, and the lemainder 
at 15()°. There is a partial decomposition of the salt at that temp. When rapidly 
heated the salt dceomposes and the liberated hydrogen burns with a blue flame. 
1(X) parts of water dissolve 1-7 parts of salt. H. Schuh prepared normal strontlnm 
hypophosphate, Sr2P»0a.2ll20 ; and strontium dihydiohypophoaphate, 
BrJf 2 F 2 O 0 . 3 ll 2 O. T. Ralzer, C. Bansa, and H. Schuh prepared normal barium 
hypophOBphato, Ba 2 F 20 e, by treating a soln. of the normal sodium salt with barium 
chloride. At a red-heat, the white, pulverulent mass passes into the pyrophosphate 
without incanriescenre. C. F. Rammelsberg said that the salt dried over sulphuric 
acid retains 1 -G per cent, nf moisture. H. E. Quantin said that the salt is decom- 
posed by the vapour nf carbon tetrachloride at a red-heat, forming barium chloride, 
carbonyl cliloiide, and carbon dioxide. T. Salzer made barium dihydiotaypo* 
phosphate, Ba 2 H 2 P 20 Q. 2 Il 20 , by dissolving the normal salt in the theoretical 
quantity of hypophosphoric acid, and evaporating for crystallization without 
raising the temp. ; also by precipitation on mixing a soln. of 12 grms. of dihydrated 
barium chloride in 120 grins, of water and a soln. of 16 grms. of hexahydrated sodium 
dibydrohypophosphato in 100 grms. of water, and 6 c.c. of hydrochloric acid of 
sp. gr. 1-121. According to A. Joly, if a nearly boiling soln. of hypophosphoric 
acid is treated with one-quarter the amount of barium carbonate required for 
neutralization, on cooling, the dihydro-salt is precipitated free from phosphite 
and phosphate. C. F. Rammelsberg obtained the salt by ovapciating a soln, of 
the normal salt in hydrochloric arid. The clear, needle-like crystals were found 
by W. Fresenius to belong to the monoclinic system, and to have the axial ratio 
a:l: c=l-81B0 : 1 : — , and j9- 122 ° 56'. The slimy precipitate of the barium salt, 
said A. Joly, is formed with thermal change, but when this passes into the crystalline 
salt, 4*76 Uals. are evolved. The heat of neutralization of barium hydroxide and 
hy])opliOBphDiic acid is 56-4 Cals, when barium diliydruhypophosphate is formed. 
T. Salzer said that the crystals suficr no appreciable change at 100 ° ; at 140°, they 
lose their water of crystallization, and at a higher temp, hydrogen is evolved, and 
this inflames. Barium metaphosjihato remains. When the clear crystals are 
heated under water, they become opaque, and the water becomes acid owing to 
the formation of a small quantity of the normal salt. 

C. F. Rammelsberg, and J. Palm prepared crystals of normal beryllium hypo- 
phosphate, Be 2 F 202 . 3 H 20 , by mixing a cold soln. of the norms! sodium salt with 
beryllium sulphate. The pulverulent mass loses about half its water of crystalliza- 
tion at 230°-250°. T. Salzer made normal dodecahydrated magnesium bypo- 
phogphatey Mg 2 F 2 O 0 . 12 H 2 O, by mixing a cold soln. of the normal sodium salt 
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(1 : 100) with the theoretical quikntity of magnesium solphat^the precipHate 
is crystalline. If h ot soln. are mixed, the precipitate is gelatinous, and crystallization 
then occurs only after long standing. The precipitate is washed free from sulphates. 
The microcrystalline, rhombic or hexagonal plates are stable in air ; they lose five- 
sixths of their water at 110° ; and at 170^, more water is given off with some decom- 
position of the salt. 100 parts of water dissolve 0*0067 part of salt. C. F. Rammels- 
berg also examined this salt, and found that if the soln. in acetic acid with a drop 
of hydrochloric acid be evaporated, crystals of the tetraoosihydrate are formed which 
lose 12 mols of water at 2(X)^ T. Salzor made magneshim'dihydzoIviKq[d^^ 
Mgn2P20||.4H20, by digesting the barium salt with a soln. of magnesium sulphate ; 
or by digesting a mol of the normal salt with a mol of hypophosphoric acid. The 
dil. soln. can be boiled without change, and crystals of the salt are obtained by 
evaporating the liquid. The crystals are stable in air ; they lose water of crystalliza- 
tion at 150° ; and decompose with a glow at a higher temp. 100 parts of water 
dissolve 0-5 part of salt— Wc supra, the action of the acid on magnesium salts. 
F. Drawe prepared anc hypophosphatCf Zn2F206*2Il20, by stirring an excess of 
a dil. soln. of zinc sul])hate with one of sodium dihydrohypophosphate, and after 
24 hrs. filtering the soln., washing with hot water, and drying on porous tiles. 
The white powder at 110° becomes yellow, and at a higher temp., glows. The white 
product sufiers a loss of 8-9 per cenL in weight. 0. Ban^a prepared potassium zinc 
octohydrotetraliypophosphat^ 3K2n2P2Oe.ZnH2F2O0.ir>H2O, by mixing a few 
drops of a cone. soln. of zinc sulphate to one of potassium dihydrohypophosphate 
(1 : 3) at ordinary temp. The crystalline precipitate loses all its water after 
heating 4 hrs. at 100° ; and melts with decomposition at 140°. P. Drawe ])repared 
fniflininm hypophosp^tc, Cd2p206 !2H20, by the method employed for the zinc 
salt. The product is insoluble in water, and alcohol, but freely soluble in dil. 
acids. The salt loses hall its water of crystallization at 100°, and at 110°, it loses 
in weight and becomes superficially yellow. It decomposes when ignited, forming 
the metal phospliide. He also prepared potassium cadmium tetrahydiodihypo- 
phosphate, K2H2P20fi.CdH2P20e-i2iH20, in rhombic crystals, by a method 
analogous to that employed for the zinc salt. The salt begins to lose water at 120°, 
but is not completely dehydrated at a red-heat. It melts at 170°. No mercury 
bypQphosphate has been made ; according to L. Amat, mercuric ehlorido oxidizes 
hypophosphoric acid quantitatively into phosphoric acid ; and is itself reduced 
to mercurous chloride -vide supra, hypophosphorous acid. 

J. Palm prepared aluminium hypophosphato from a Bobi. of the normal sodium 
salt and aluminium sulphate. C. F. liammelsberg reported normal fhaUous 
hypQphosphate, Tl4P20ni ^ formed by neutralizing a soln. of the acid with 
thallous carbonate ; and A. Joly, by double decomposition with thallous sulphate 
and a hot aq. soln. of the normal sodium salt. The colourless needles are sparingly 
soluble in water. A. Joly said that in direct sunlight, the salt is coloured indigo- 
blue ; and it remains unchanged when heated to 210°, but, added A. Joly, it melts 
and decomposes: Tl4p20e=2TIP0j)-f2Tl, at 250°. A. Joly made fhalloas 
dibydrohypophoqihate, TI2H2F2OQ, by neutralizing a soln. of the acid with thallous 
carbonate, using methyl-oiauge as indicator, or mixing barium dihydiohypo- 
phosphatc and thallous sulphate in boiling aq. soln. H. Dufet said that the mono- 
clinic crystals have the axial ratios a:h: r=0*9089 : 1 ; 1-2975, and jS — 94° 50^ . 
A. Joly said that the salt melts at 200° and forms a phosphite without the evolution 
of a gas, C. F. Rammelsberg reported small, colourless crystals of thallOUZ 
hydrohypophogphate, Tl4P2O0.Tl2H2r2Oo, or TlgHPsOa, to be formed by mixing 
the soln. of hypophosphoric acid neutralized with th^ous carbonate with the 
theoretical amount of acid, and evaporating the clear soln. 0. Hauser and 
H. Herzfelrl prepared zuconiam hypophogphaiei ZrP20Q.H20, by warming a soln, 
of zirconium nitrate in dil. hydrochloric acid with on excess of sodium 
hypophosphate. T. Salzcr reported lead hypophoephatei Fb2P2O0, to be formed 
by treating sodium dihydrohypophosphate with a large excess of lead nitrate, 
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acetate, or basic acetate4 H. Scholi, and P. Tauchert employed a eimilat procesa. 
The white, pulverulent mass is not altered at 120'’, at a higher temp, it blaokens, and 
may glow if in a thin layer ; and if air has acress : Pb2P2O0+O=Pb2p2O7« It is 
insoluble in water, dil. acetic acid, and hypophosphoric acid ; but it is soluble 
in dil. nitric acid* It is readily decomposed by dil. sulphuric acid. 0. Eaufimann 
prepared thdrium liypophosphate« ThP205.11H20, by precipitation from a soln. 
of thorium nitrate as in the case of the zirconium salt. It is also obtained by 
adding hypophosphoric acid to a soln. of thorium nitrate. The white, pulverulent 
mass loses its water of crystallization at 160'’-170°. 0. Eauffmann said that it is 
insoluble in water, dil. acids, and alkalies, and in cone, acids, but Y. I. Spitzin found 
N-ll^aO^ dissolves 53 mgrms. per litre ; N-E0\, 2i mgnns. per litre ; A^-HNOa, 
12 mgrms. per litre ; and A'-E200j|, 2^ mgrms. per litre. 0. KaiifTinann said 
that it is opened up by fusion with sodium hydrosulphatc, and dissolution by 
hydrochloric acid, 

J. Palm reported bismuth hypophosphate to be formed from a soln. of the 
normal sodium so It and bismuth nitrate. J. Palm prepared obioiniam hypo- 
phosphate from a soln. of the normal sodium hypophosphate and a chromium salt. 
According to N. Parravano and C. Marini, sodium hypophosphate forms complex 
anions with molybdio acid, represented by sodium hhK)phosphatomolybdBte : 
2Na2MoO4+H4P2O0-=2H2O+Na4P2OB.2Mo(^, and I. Muller prepared the complex 
molybdenum salt by treating a boiling soln. of sodium hypopliosphiio with an 
excess of molybdic trioxide, M0O3, and treating the clear greenish soln. with 
hromine water— pale yellow crystals of sodium hy|)ophosphatomolybdate, 
Na2|P(Mo207)].yH20, appear. N. Parravano and 0. Marini also oMainecl evidence 
of the formation of a complex sodium hypophosphatotungstate. They measured 
the electrical conductivities of hypophosphatomolybdates. J. Fulm reported 
manganese hypophosphite to be formed from a soln. of the normal sodium salt 
and lunnganesB chloride ; and C. Bansa obtained coIoutIcrs, rhombic crystals of 
potassium manganese t^^iydrodihypophosphate, MnH2P2O2.K2HnP2OB.3H2O, 
as in the case of the cadmium salt. J, Palm prepared iron h^plu^hate as in 
the case of the manganese salt. F. Drawo prepared cobalt hypophosphate, 
Co 2P206>^H20, by mixing a warm dil. soln. of the normal sodium salt with an 
PA cess of a warm soln. of cohalt sulphate. The salt is almost insolublo in water, 
and when heated, it readily oxidizes. S. Bansa made potassium Cobalt hypo- 
phosphate, E2CoF20e.5H20, by mixing a soln. of 3 grms. of heptahydiated cobalt 
sulphate in 20 c.c. of hot water with a hot 5 per cent. soln. of the normal potassium 
salt. When the rose-coloured mass of crystals is heated, it becomes blue, and 
finally black. F. Drawe made six-sided plates of sodium cobalt hypophosphate, 
Nn2(JDP20B.lJH20, by mixing a dil. soln. of cobalt sulphate with one of the normal 
sodium salt at 0°. The salt is deeomposed by water, forming normal cobalt hypo- 
phosphate. The salt loses weight when kept ovar sulphuric acid, and it becomes 
dark violet ; it also lost 4*3 per cent, of water when kept for 3 hrs. at 110°. At a 
higher temp., the salt becomes deep blue and finally black. I. Miiller prepared brown 
crystals of s^um cobaltic hezamminohypopho^hat^ [Co(NHs)Q]NaP20e.3fi20, 
by mixing hot cone. soln. of cobaltic bexamminotrichloridB and sodium hypo- 
phosphate. C. Bansa reported hezapotassium cobalt octohydrotetrahy^ 
phosphate, 3K2H2P2OB.C0H2P2O0.I5HZO, or CoKbHb(P20b) 4.15H20, to bo formed 
by mixing a soln. of 7*75 grms. of hexahydrated cobalt ammonium sulphate in 50 c.c. 
of water with 80 c.c. of a 25 per cent. soln. of potassium dihydrohypophosphate. 
The pale rose-coloured, rhombic crystals slowly lose water in the dc.riccator, and 
become blue. The salt is dehydrat^ at 100°, and it begins to oxidize at about this 
temp. The salt becomes black at 200°'nW0'’. 

P. Drawe made prismatic crystals of nickel hypophosphai^ Ni2P20B.l2H20, 
by the action of an excess of a warm dil. soln. of the normal sodium salt on a warm 
soln. of nickel sulphate ; C. Bansa also obtained it by the action of potassium 
dihydrophosphate on an excess of nickel sulphate soln., and mixing the green 
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filtrate with pot^nm acetate. C. Banaa ako obtained potanhim nldcd hfPO- 
rtioephatei EaNiF205.6H20, by mixing a boiling soln. of 3 gnna. of hydrated nickel 
sulphate in 20 ox. of water on 100 c.c. of a hot soln. of 5 grme. of normal potaseium 
hypophosphate. After heating 6 hrs. at 100 ^, the salt loses one-third of its water of 
crystallization and becomes pale yellow; 3 mols. are lost after 9 hrs.’ heating, and 
4 mola. after 12 hrs.’ heating. At a higher temp., a black mass is formed. He also 
pre^red crystaU of homiotaniiim nickel octohydrotetrabypophoe^ 
3 E^ 2 P 206 -^^£P 20 e-I 5 H 20 , by a method like that employed for the correspond- 
ing cobalt salt. The salt loses water when kept over sulphuric acid ; all the water 
of ciystalDzataon is expeOed at 100 ^, and the moss becomes yellow— some oxidation 
also occurs^ F. Drawe reported six-sided, hexagonal plates of normal sodium 
nickd dihypophosphate, Na4F20B<^i2P2()6-2^H20i ^ ^ formed by mixing a dil. 
soln. of nickel sulphate with an excess of a soln. of normal sodium hypophosphate 
at 0 °. The formula is based on C. Bansa’s analysis of the substance prepared by 
adding sodium acetate to the filtrate obtained from a mixed soln. of nickel sulphate 
and potasflinm dihydrohypophosphate. 
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f 28. Fhoipbonu Ftanhixide, or Phoepboric Oxide 

In 16 B 1 , Robert Boyle ^ discovered that when phosphorus is burnt in air or 
oxygen, white clouds are formed which condense as a voluminous white powder, 
winch was later on termed fleurs de phosphore — ^flowers of phosphorus — by 
A. 8, Marggraf. Observations were also made by J. C. Btuim, 8. A. Fiobenius, 
and A. G. Hanckewitz. Analyses by F. L. Dulong, and H. Davy made it clear that 
flowers of phosphorus is on oxide of that element. These analyses, together with 
those by A. L. Ixvoisier, J. J. Berzelius, T. Thomson, L. J. Thenari, and A. Bchrotter, 
showed that the composition is 43-86 per cent, of phosphorus and 56*39 per cent, of 
oxygen. The compound is therefore phosphorus penimde, for the simplest empirical 
formula is F2O5 ; it is also called phosphoric oxtde, or phosphoric a^ydride. The 
last term is employed because this oxide forms phosphoric acid when treated with 
water. A. L. Lavoisier knew in 1777 that phosphorus unites with oxygen in 
different proportions, and 0 . B, 8age described the preparation of white flakes of 
a solid by the action of dry air on phosphorus at a low temperature. The product 
obtained by G. B. le Sage by the combustion of phosphorus in dry air at a low 
temperature was probably phosphorous oxide, F^O^, or a mixture of the oxide with 
phosphoric oxide, F2O5, and phosphotosic oxide. 
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The inpanflon of phoephoms pwitoiUe. — ^Acoordiog to H. Davy,^ 
phosphoric anhydride is produced in the rapid combustion of phosphorus in the 
presence of a sufficient quantity of air or oxygen gas. Rapid combustion occurs 
at 60 °i with a yellow flame in air, and a white, dazriing, intensely hot flame in Oxygen. 
Fart of the phosphoric oxide rises as a white cloud, which is luminous in the dark, 
and part remains as a glassy or vitreous mass where the phosphorus burns. The 
residue usually contains some of the lower oxides. H. Davy, for example, found 
phosphorus oxide, P^Oq. As previously indicated, R. Cowper and V. B. Lewes 
prepared the peutoxide by passing dry air over molten phosphorus, and they noted 
that, under these conditions, a mixture of phosphorous oxide and crystallised 
phosphorus remains, and in light the latter passes into the red modification. 
P. Hautefeuille and A, Perrey found that in this experiment, the crystalline form 
of phosphoric oxide is deposited on the colder part of the tube, a vitreous variety 
in the hottest part, and a pulverulent form in between. The vitreous form is said 
to be obtained by heating either of the other two forms to dull redness ; and 
T. E. Thorpe and A. E. H. Tutton have shown that probably P. Hautefeuille and 
A. Perrey's crystals were really phosphorus tetroxide, m, and that any chemical 
diflcrenccs are due to the prasence of phosphorous oxide, P4O0. The other 
substances produced in burning phosphorus in air have been previously discussed. 
K. Threlfall recommended removing phosphorus from the pentoxide by distillation 
in a stream of purified oxygen over platinized asbestos. W. A. Shenstone and 
C. R. Beck said that the exposure of platinized asbestos to the vapour of phosphorus 
pentoxide is very undesirable as the asbestos absorbs the pentoxide very freely, 
which not only reduces the yield of the purified product, but also would soon 
remove the platinum from the sphere of action by enveloping it with a coat 
of the fusible products of the action. They also tried platinized porcelain, but 
found platinum sponge gave the best results. Roasting the pentoxide in oxygen 
docs not rciiiove the last traces of the lower oxides even if continued for wee^ at 
a temp, not far below the m.p. of the pentoxide. U. 1. Finch and co-workers 
distilled the phosphorus pentoxide in a current of oxygen flowing in a red-hot iron 
tube. A modification of the process has been described by H. Whitaker. Accord- 
ing to W. A. Shenstono and C. R. Beck, phosphorus pentoxide purified by distilla- 
tion in a current of oxygon is crystalline, but becomes amorphous when suddenly 
heated. The lower oxides impart a dight garlic-like smell to the product. 
Phosphorus pentoxide containing these impurities reduces a 10 per cent. soln. 
of silver nitrate; a boiling soln. of mercuric chloride is also reduced; and on 
evaporating an aq. soln., there is a faint smell of phosphine and of phosphorus 
tetroxide. These effects are attributed to the presence of traces of phosphorus 
tetroxide, P2O4, and phosphorous oxide, P4OS. E, Jungfleisch said that if dry 
oxygen acts on dry phosphorus below 18 mm. press., phosphorous oxide, PaOs, 
is formed ; and in the cold at ordinary press., phosphoric oxide, P2O5, is exclusively 
formed. 

Many difierent methods for applying the combustion process for the preparation 
of the pentoxide on a large scale have been devised by J. J. Berzelius,^ Z. Delalande, 
R. F. Marchand, A. Q. Grabowsky, G. Pistor, T. Goldschmidt, Federal Phosphorus 
Co., etc. A current of dry air can be aspirated through a large glass balloon, or 
sheet-iron chamber, while phosphorus is burning in a porcelain dish suspended 
in the middle of the balloon. Fresh phosphorus is added from time to time through 
a suitable opening in the upper part of the combustion chamber. The exit tube 
leads into a wide-mouthed bottle. When sufficient of the product has collected, 
the bottle is closed by a well-fitting stopper, and replaced by another. A. Schrotter 
recommended the use of red phosphorus in the combustion process. For the 
condensation of the mist " of phosphorus pentoxide, E. Britzke recommended 
bringing the “ mist,'’ in admixture with a luge proportion of an inert gas, into 
intimate contact with active charcoal. As usually prepared by the combustion 
process, phosphorus pentoxide is a bulky, amorphous powder, but R. Threlfall 
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showed that it can bo obtained as a brittle, crystalline mass if condensed at 
125M90‘'. J. J. Manley removed phosphorous oxide by treatment with ozone. 

H. Davy,^ and J, Dalton also found that phosphorus bums vigorously to the 
pentoxide when it is heated in the vapour of sulphur trioxide, chlorine monoxide, 
chlorine dioxide, nitrous and nitric oxide, and in nitrogen tri- and per-oxides. He 
also obtained it by heating phosphorus with cone, sulphuric acid, hypochlorous 
acid, and chlorous acid and nitric acid. B. F. Marchand found ihe same oxide 
is formed by the vigorous and brilliant combustion of phosphorus in molten 
ammonium nitrate. Phosphorus pentoxide is the end-product of the oxidation 
when the lower oxides are heated in air— e.y. phosphorous oxide (H. Davy), and 
phosphorus tetritoxids (A. Michaelis and H. Pitsch). The last-named also found 
that the tritoxide passes into the pentoxide when heated in an indifferent gas ; 
5P40=1HP-|-P205 . a. Geuther and A. Michaelis obtained phosphorus pentoxide 
mixed with other products— hydrophosphoryl tetrachloride, phosphoryl chloride, 
nitrosyl chloride, nitrogen, and a little nitric oxide— as aby-product, during theaction 
of nitrogen trioxide on phosphorus trichloride ; and in the distillation of pyro- 
phosphoryl chloride : P203Cl4=P0Cl3+P02Cl ; and 3P02C1=P0018+P205 ; 

A. Besson made it by the action of a cone. soln. of phosphorous acid on an excess 
of phosphorus trichloride; 0. Oddo, by the action of phosphoryl chloride on 
potassium chlorate: 2P0Clg+EClC^=F205-|-KGl-|-3Cl2 ; and 0. Mantrand, by 
heating bone-ash with charcoal in a current of chldrine. 

F. S. Brown and C. R. Bury ^ obtained ocdloidal BOintions of phosphorus pent- 
oxide in nitrobenzene by stirring the mixture in the presence of alcohols or organic 
acids. The hydroxy-compound is absorbed and peptizes the pentoxide. Traces 
of moisture cause coagulation. Cone. soln. set to gels on keeping. 

The phyncal properties ol phoaphoroa pentoxide.— Phosphorus pentoxide 
is a snow-white pulverulent solid. As indicated above, there are also vitreous and 
crystalline forms. According to H. Davy,<’ phosphorus pentoxide melts at a red- 
heat, and sublimes at a higher temp. E. Lautemann sublimed it in a test-tube over 
a spirit-lamp ; and A. Schuller obtained well-defined, water-clear crystals by heating 
the pentoxide to 50° at one end of a tube cooled by a freezing mixture at the 
opposite end. The pentoxide can be melted if it be heated quickly. P. Hautefeuille 
and A. Perrpy say that when commercial phosphoric oxide is kept many hours at 
ir)0° no other sign of sublimation occurs than a slight deposit in the cold part of 
the tube ; sublimation appears to begin at 210° and is quite fast at 250°, but slower 
at lower temp. The red portions in the mass of subliming phosphorus pentoxide 
are supposed by H. BQtz to be the suboxide. The vitreous variety sublimes at 
a red-heat. R. Kempf found a crystalline sublimate is formed between 180° and 
250° ; and at 250°, 7-5 gims. sublimed in an hour in vacuo, and 0-38 grm, when the 
press, was 11 mm. According to A. Grabowsky, T. E. Thorpe and A. E. H. Tuttun, 
and W. A. Tildcn and R. E. Barnett, the volatile crystalline form is transformed into 
the less volatile vitreous form at about 440°. P. Uautefeuille and A. Perrey found 
the vapour pressure of phosphorus pentoxide at 250° to be 760 mm. ; and they 
say that at a temp, a little higher, the crystals polymerize, and the vap. press, falls 
to a few mm. A. Smits and A. J. Rutgers showed that the vap. press, depends ou 
the velocity of distillation ; thus the vap. press, of two different samples were 
1-8 atm. and 2-05 atm. at 370. They consider crystallme phosphorus pentoxide to 
be complex and to contain at least two allotropic forms ; it melts over a large range 
of temp. There is transition point at 400° when the metastable subbmate changes 
into another form, and the transformation is accompanied by a fall of about 4 atm. 
in the vap. prens. The volatility of the transformed pentoxide is small. The 
transformed solid has a m.p. of 563° at 0-59 atm. J. M. A. Hoeflake and 
F. E. C. Scheffer found that the usual crystalline variety has a sublimation point 
near 360° ; between 400° and 500°, the metastable sublimate becomes amorphous 
and the vap. press, becomes almost zero. The amorphous form becomes a viscid 
liquid if heat^ still more and no discontinuity in the vap. press, curve appears. 
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If the viedd liquid be heated a long time at fiOO”, it forme mioroeoopio needlee with 
a m.p. of D69”. There also appean to be a third form which occore in tabular 
crystalB, stable above 670”, but metaetable in the presence of the acicular cryetale. 
The vapour danaitp determined by W. A. Tilden and B. E. Barnett at a red’heat 
is 336, when the calculated value for P40]o ie 2B4 ; C. A. Went found 300*4 at 
1400” by y. Meyer’s process. The simpler formula, PeOa, and the name phosphoniH 
pcntoxide are employed merely for conveiuence ; actually, wo are aleo ignorant of 
the mol. wt. of the solid. Several graphic formnbe can be devised for a F4O10- 
molecule, on the assumption that the phosphorus atoms are quinquevalent ; for 
example, in agreement with the analyses of J . J. Berzelius, ^ A. L. Lavoiser, V. llose, 
T. D. Thomson, H. Davy, P. L. Dulong, and A. Schrotter. 



but there is no evidence to decide which of these, if any, is the right one. 
U. llenstock gave for the electronic structure : 
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J. Thomsen’s value ^ for the heat ol formation is 2F+50=F205+^'1B9’9 Cals, 
for the solid ; and for the dissolved oxide, 405*5 Cals. II. Giran obtained with 
yellow phospliorus, 360*4 Cals, ; with red phosphorus. 302*0 Cals. ; and with red 
phosphorus, 360*0 Cals. Other detenninatioiia have been made by M. Bertheloi, 
T. Andrews, J. J. B. Abria, and P. A. Favre and J . T. Silbermann. J. (\ Th*omlin8on 
argued from the ihermochemical data that phosphorus is quadrivalent. The heat 
of solution of the crystalline variety was found by P. Hauiefcuille and A. Perrey 
to be 44*58 Cals.; and 41*32 Cals, for the pulverulent variety; and H. Girau 
found for the variety obtained by combustion, 34*37 Cals. ; for the crystallized 
variety, 40*79 Cals. ; for the amorphous variety, 33*81 Cals. ; for the vitreous or 
glassy variety, 29*09 Cals. P. Hautefeuille and A. Pcirey give 3*26 Cals, for the 
heat of translormatioii of the crystalline into the amorphous variety. 

H. Ebert and B. Hoffmann * say that strongly illuminated phosphorus pentoxide 
gives an intense green phosphorescence. The impurities in the commercial product 
are not the cause of the luminescence ; true, there is a pale glow due to the oxidation 
of the lower oxides present as impurities, but the effect with the highly purified oxide 
lacks only the oxidation glow. The phosphorescence also occurs in vacuo, and in 
different dry gases — ^nitrogen, coal gas, carbon dioxide, carbon monoxide, hydrogen, 
and helium. The exciting rays are more refrangible than the induced rays. The 
phosphorescence is intensified by lowering the temp, and the effect is quite brilliant 
at —180^. W. N. Hartley says that iu the oxy-hydrogen blowpipe flame, 
phosphorus pentoxide gives a continuous spednim with a peculiar line which also 
occurs in the spectrum of arsenic. H. Ebert and B. Hoffmann say the continuous 
spectrum has its maximum intensity in the green, and that the pcntoxide exhibits 
a strong phosphorescence after illumination, especially at a low temp. F, Zeochini 
deduced 27*07 for the molecular refraction of phosphoric oxide with the ^-formula, 
and 17*66 with the u^-fonnular— calculated from the value for the salts ; and 
respectively 30*24 and 17 - 77 , from the value for metaphosphoric acid; respectively 
34*59 and 19*50 from its value for pyiophosphoric acid ; and respectively 29*90 
and 17*37 from the value for otthophosphoric acid. 
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0. W. Richardson found that in the proximity of moist phosphoms pentoxide, a 
platinum plate charged positively to 80 volts, and at 500 '*- 700 °, is discharged, while 
a uold platinum plate in the vapour of phosphorus pentoxide acquires an dectric 
charge, which it loses in time. Highly purified phosphorus pentoxide does not 
show the eilect. 

The fdmiiiical properties of phosphoms pentoxide.— -E. Rutherford and 

F. Boddy observed that radium emanation, niton, has no action on phosphorus 
pentoxide. T. £. Thorpe and A. E. H. lutton found that commercial phosphoric 
oxide slowly acquires a yellow colour on exposure to light, and it becomes red in 
direct sunlight. Phosphorus pentoxide is extremely hygroscopic, and it dissolves in 
water with a hissing sound as if it were a red-hot powder ; it absorbs moisture from 
the air very quickly, hence its use for drying gases — Me hydrogen, 1. 7 , 2 . P. Neogi 
and B. B. Adhicary observe<l that phosphine is produced when hydrogen is pass^ 
over a mixture of phosphorus pentoxide and reduced nickel at a dull red-heat. 
The affinity of phosphoric oxide for water is so great iliat it can withdraw the 
elements of water from many organir and inorganic substanres- c,g, it converts 
nitric acid to nitrogen pentoxide, N2O5 ; it converts alcohol into ethylene, 02114 ; 
sulphuric acid to sulphur trioxide, SO3 ; etc. P. Uautefeuille and A. I’errey found 
that the crystallized oxide dissolves very rapidly in water, forming a clear soln., 
the pulverulent oxide forms transparent gelatinous clots which dissolve more 
slowly ; the vitreous oxide dissolves but slowly in water. According to H. Biliz, 
no trace of red phosphorus 01 of a phosphorus suboxide is produced when phosphoric 
oxide deliquesces, or when it is dissolved in much water, yet there is a distinct smell 
of phosphorus when water is gradually added to the ordinary oxide, but not to the 
highly purified oxide. U. Biltz believes that phosphorus totritoxidc is formed by 
passing water-vapour over phosphorus pentoxide ; he said that he obtained G 
mgrms. of the tetritoxide from 10 grms. of the pentoxide, and that the hot water 
decomposes a part of the tetritoxide to form phosphine, PH3. The sola, of 
phosphoric oxide in water is phosphoric acid (j.v.). E. B. K. J’ndeaux found 
that with an excess of water at room temp., about 75 per cent, of the dissolved 
oxide is in the form of metnpho.sphorie acid, IIPO3, and the remainder as ortho- 
phosphoric acid, HsFOi, No pyropliosphoric acid, U4i'207» okserved. The 
soln. reddens blue litmus — vide infra, phosphoric acid. Dry phosphorus pentoxide 
has no action on dry litmus paper, 

H. Moissan found that cold phosphorus pentoxide does not react with fluorine, 
but at a dark red-heat, a flame is produced and phosphorus 2)cntalluoride and 
oxyfluoride arc formed. According to G. Gore, phosphorus pentoxide unites 
vigorously with dry hydrogen flnoiide, forming, below phosphoryl fluoride, 
POV3, so that the oxide cannot be used as a desiccating agent for hydrogen fluoride. 

G. H. Bailey and G. J, Fowler also showed that dry hydrogen chloride is slowly 
absorbed by phosphorus pentoxide, and the absorbed gas is not all given ofi when 
the product is placed in vacuo. When phosphorus pentoxide is saturated with 
dry hydrogen chloride, it becomes liquid, and the liquid, on distillation, gives oil 
phosphoryl chloride, POCI3, and leaves a residue of metaphosphoric acid, HPP3. 
Hydrogen bromide behaves in a similar manuer ; but hydrogen iodide is not 
absorbed. Phosphorus pentoxide reacts with sulphuric Bcidi furnishing sulphur 
trioxide ; and R. Weber found that sulphur trioxide unites with the phosphoric 
oxide, forming P205.3SOs--4;^ infra, phosphoryl sulphate. H. Prinz observed 
no reaction with ^phur monochloride, S2CI2, at 230 °. 

There is no reaction between phosphoric oidde and nitrogen. Phosphorus 
pentoxide reacts with nitric acid, forming nitrogen pentoxide (j.v.). The reaction 
was studied by B. Weber, and J, Oiersbach and A. Kesder showed that the 
reaction is violent only when the nitric acid contains a considerable proportion of 
water. H. Biltz noticed that commercial phosphorus pentoxide reacts vigorously 
with ammonia» and, with stronger heating, forms reddish-brown flecks of red 
phosphorus or phosphorus tetritoxide, and phosphamic acid, F20^(OH)2. H. Biltz 
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found that phosphorus pentoxide which has been distilled with oxygen orer 
i^ongy platinum does not show these reactions. H. Bchiff found that with 
ammonia, amidophosphoric acid (],v.) is formed; and at 0°, A. Mento found 
imidodiphosphoric acid [q,v,) is produced. G. Gustayson heated a mixture of 
phosphorus pentoxide and phwhcnyl chloride in a sealed-tube at 200^ and obtained 
a product which he regarded ae phosphorus diozychloridp, P0s;,Cl, by the reaction : 
P205+POCly=3P02(Jl, but Q. N. Huntly distilled ofi the excess of phoephoryl 
chloride, and obtained a residue which had the empirical composition, F205.F0Clg, 
and from which carbon disulphide extracted a substance with the empirical 
composition, F2O3CI4, and left a residue, F70iaC!l5. E. Berger also found that 
phoms pentatotnldo gives the phosphoryl bromide: SPBr^+P^O^—bVOhi^, 
F. E. Brown and J. E. Bnyder said that vanadhim oiytrichloride is without action 
on phosphorus pentoxide. G. Gustavson found bonm trichloride under similar 
conditions gave F205-|-2BCl3=F0C]3.BCIl3-|-‘FB04, the latter may be a compound, 
F205.B20^. The latter product is also formed when phosphorus pentoxide and 
boric add are hoatod together. F. Hautefeuille and J. Margottot prepared the 
product F2O5.SiO2.4n2O by heating silica with phosphoric acid ; they have also 
described corresponding compounds with titaninm, dramiimii and stannic oxides. 
0 . Nielson studied the reaction with silica {q.v.). 

When liouied with Garb011« H. Davy noted that phosphoric oxide is decomposed 
with the evolution of phosphorus and carbon monoxide. G. Gustavson heated 
phosphorus peiituxiilc with carbon tetrachloridB in a sealed tube at 200 °-> 300 '’ 
for 48 hra., and obtained: F2O5+2CCl4=COCl2+CO2+2FO0l3 ; and with a 
smaller proportion of tlic carbon tetrachloride: 2F205-|-3CCl4='-4F0Cl3-|-3C02. 
The dehydrating action of phosphorus pentoxide on numerous organic compounds 
has been invpstigated ; thus, H. Gal and A. £tard examined its action on acetic 
and benzoic adds ; L. Vauino and L. Seemann, on lonnaldehyde ; F. S. Kipping, 
on fatty ; B. Maikopar, on phenol ; 11 . Biltz, on aniline ; B. Lespicaii, on 
dibromopropane. M. A. Uakusin and A. A. Arsen^eS found that phosphorus 
pentoxide readily dissolves to the extent of 60 per cent, in ethyl and methyl 
alcohols with the development of heat. Considerably greater quantities of the 
oxide dissolve in the resulting liquids, on continued stirring and heating, up to 
295 g. in the case of methyl alcohol, giving a liquid of sp, gr. 1'5437 at 15 and up 
to 258 g. in the case of ethyl alcohol, giving a liquid of sp. gr. 1-5894 at IS**. These 
liquids react arid and do not boil on addmg water, or give a precipitate with silver 
nitrate soln. II. Meerwein observed no formation of complex alkali salts by 
phosphorus alkoxidc. W. Balarefi studied the dynamics of the catalytic decom- 
position of ethyl alcohol by phosphorus pentoxide. Fhosphoms pentoxide causes 
phenol, menthol, and similar substances to dissolve in dlloroform without 
apparently entering into any reaction with them. If the soln. are left for several 
days and the chloroform is then removed by a current of dry air, the phosphoric 
oxide and the phenol arc recovered unchanged. 

L. Kahlenhorg and W. J. Trautmann observed no reaction when the pentoxide 
is heated with silicon. H. Davy found that when phosphorus pentoxide is warmed 
with potassium or sodium, the mixture becomes incandescent, forming the 
metal phosphide and phosphate ; similarly with zinc, iron, etc., at a red-heat. 
II. Moissan said that it is reduced by colcmm with explosion below redness ; and 
by Columbium at a red-heat. E. Bolvay and M. Lucion observed a vigorous 
reaction between the pentoxide and sodium OZide, or calcium oxide. According 
to W. Odling, salts of the volatile acid anhydrides are decomposed when heated 
with phosphoric oxide forming phosphates and the volatile anhydride. T . E. Thorpe 
and F, J. Hambly found that when phosphorus pentoxide is heated with cryolite, 
phosphorus oxyfluoride, FOFg, is formed ; H. Kolbe and E, Lauteniann found 
with sodium chloride, phosphorus oxyfluoride, FOClsi formed ; with iodides, 
C. F. Bch5nbein reported a turbulent reaction and the evolution of iodine ; and with 
J. J, Berzelius found that selenium dioxide is given ofi. 
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§ OrttiophoBphorio Add 

Ko Bubetanro offeis the rhomifit greater diflioultieB than phoaphoric acid ; the more the 
behaviour of the acid le atiidied, the more the difficulties increaBe. Every new investigation 
presents the chemist with new anomalies; fresh and puzzling phenomena mako their 
appoaraiiro, whilst the older and already known difficulties are by no means cleared 
up.— li. Hose, 

B. Boyle ^ was the first to prepare phosphoric acid. This he did by shoning 
that the action of water on the products of combustion of phosphorus furnishes a 
liquid with acid properties. G. Ilomberg obtained similar results. F. Uollmanu 
supposed phosphoric acid to bo a compound of vitriolic and hydrochloric acids ; 
and G. E. 8tahl, and J. Ilellot argued that phosphoric acid is a compound of 
phlogiston with hydrochloric acid, apparently because urine contains much sodium 
chloride, and phosphoric ucid can be extract^ from urine. H. Boerhaave regarded 
pho.sphoiic acid as a substance similar to sulphuric acid; and a year later, 
A. G. Hauckewitz, in a paper before the Royal Society, could not decide whether 
phosphorus is or is not a compound of sulphur. Like B. Boyle, A. S. Marggraf 
prcjiared phosphoric acid by dissolving /ears dephosphon in water, and extracted 
it from the salts contained in urine. A. S. Marggraf also described the physical 
and chemical properties of phosphoric acid. As indicated in connection with the 
history of pho.spliorus, C. W. Scheele or J. G. Gann, or both, extracted the acid from 
bones ; and in the same year, A. L. Lavoisier showed that phosphoric anhydride 
is a compound of phospliorus and oxygen, and established the elementary nature 
of phosphorus. A. L. Lavoisier prepared phosphoric acid by the action of nitric 
acid on phosphorus. 

It was once thought that phosphoric acid existed in three isomeric forms : 
(i) The ordinary acid prepared by R. Boyle, and S, A. Marggraf. The sodium salt 
of this acid gives a yellow precipitate with silver nitrate, and the liquid possessed 
an acid reaction, (ii) A suit of an acid was prepared by T. Clark in 1827 by heating 
the ordinary phosphate. The sodium salt of this acid gives a white precipitate 
with silver nitrate, and the liquid remains neutral, (iii) The acid obtained by 
J. J. Berzelius, by a thorough calcination of phosphoric acid. This acid also gives 
a white precipitate with silver nitrate, and, unlike the other two forms, coagidated a 
clear aq, soln. of albumen. It was known that the sodium salts of ordinary and 
of T. ('lark's phosphoric acid crystallized from aq. soln. with different amounts 
of water, but no importance was attached to this fact because it was regarded 
simply as water of crystallization. F. Stromeyer, and others supposed the two 
acids to be isomeric modilicatious. J. L. Gay Lussac made a special study of the 
salts of T. Clark’s acid. In 1833, T. Graham showed that the water of the acids 
should not be disregarded as an accidental feature because the water plays an 
essential part in the formation of the acid where it assumes the function of a 
base. Thomas Graham proved that all three adds— which he called respectively 
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ordinaiy, pyro-, and metaphosplioric acids — ^were different modifications of phos* 
phoiic acid ; and that they differed from one another by the quantity of water 
combined with the acid.” In orthophosphorio acid, the water and anhydride are 
united in the proportion 3H2O r F2O5 ; in pyrophosphoric acid, 2H2O ; P20( ; and 
in metaphosphoiic acid, H2O.P2O5, T. Graham also found that when the acids 
were saturate with a base, three series of phosphates were obtained, one series 
contained one equivalent of the base per equivalent of the anhydride— primary 
phosphates; a second series contained two equivalents of the base^eooniiaiy 
phosphatFjt ; and a third series contained three equivalents of the base — tertiary 
phosphates. 

The relation of the three phosphoric acids to phosphoric oxide, P2O5, will be 
evident from the following scheme, where phosphorus is assumed to be quinque- 
valent : 


/OH 

HO— 

\'0H 

^OH 

H0\ /OH 

H0\ p/oH 

no' \oH 

,0H 

0=P\0H 

-OH 

»• P-OH 

HjPOft. or 

HgP|Og, or 

HgPOg. or 

HgPgO^l or 

HPO„ or 

P,Ob.51T,0 

P,04.4H,0 

P,0j.3H|0 

P20g.211,0 

PlOg.HiO 


The first two are unknown, the third is ordinary orthophosphoric acid, the fourth 
pyrophosphoric add, and the last metaphosphoric acid. 1 . Kr 5 schl ^ accounted for 
the Afferent behaviour of the five hydroxyl groups in phosphoric acid by assuming 
that in the strictly orthophosphorio acid, P(On)5, three have an aridic character, 
one is amphoteric, and one is basic. Hence, complex salts should be possible, 
and he prepared sodium carbonatophosphate, NaoH3(C03)(P04) ; potassium disul- 
l^tophoephate, 2K28O4.H3PO4 ; potassium sulphatophospl^te, K2S04.H3P()4 ; 
amtnnninin Bul^tophosphate, (Nll4)2S04.(NIl4)H2P04. The minerals apatite, 
wagnerite, and dahllitc are supposed to belong to the same class of salts, and 
also the fluophosphates described by K. F. Weinlaiid and J. Alfa. P. Leinoult 
reported a number of derivatives of pentabosic phosphoric acid, P(0H)5, of the 
type ?(0H)(NH.R)4. It will be observed that by keeping consistently to the 
notation employed for periodic add, and several other acids, the unknown P(0M)5 
should he orfhophosphoric acid, but this term has got into use for the P0(0H)3-add, 
whieh ought to be called paraphosphoric add, P02(0H) ; and metaphOSphoriC add 
would retain its present designation. Similarly, (H0)4p.0.P(0H)4 would be called 
ofthodiphosphonc add^ or orthopyrophosphoric acid. Hemihydratcd phosphoric 
acid may be regarded as orthodiphosphoric add ; and the mineral libethenite as the 
calcium salt — Me infra. The next dehydration product, (H0)3p=02=-P(0H)3, 
would be jKiradi phosphoric add or diparaph osphoric add, (H3P04)2 ; while (110)2?= 
03=P(0H)2, at present called pyrophosphoric acid or diphosphoric acid, becomes 
mesoiiphosphoric add; (H0)P=04=P(0H) is the ordinary mdadiphosphoric 
add —vide infra. 

Orthophosphoric add or salt of the add was formed by A. J. Ralard,^ E. Sou- 
beiran, T. J. Pelouzc, M. Bengeiser, A. R. Leeds, etc., by passing phosphorus vapour 
over red’hot alkali carbonate, or by the action of an oxidizing agent ; sulphur 
trioxide or sulphuric acid ; nitrous or nitric oxide ; nitrogen peroxide ; or nitric 
add. It is also formed by the action of phosphorus on an iodate, periodate, bromate, 
chlorate, perchlorate, nitrate, or metal oxide whereby a mixture of metal phosphate 
and phosphide is formed. Some of these reactions are dangerously explosive. 
Phosphoric acid can be made by boiling an aq. soln. of the products of combustion 
of phosphorus with nitric acid so as to oxidize the lower oxides, and to transform 
the meta- into orthophosphoric acid. Meta- and pvrophnsphoric adds can be 
hydrated to the ortho-add by the action of heat in the presence of strong acids. 
The adds of the lower oxides -‘H3PO2, H2P0^, and H4P2OB — can be oxidized to 
orthophosphoric acid. Thus, A. Michaelis and M. Ktsoh oxidized the tetrit- 
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oxid« by iodiuoi sodium hypochlorite, or sulphuric acid ; H. Rose oxidized hypo* 
phosphorous acid by heating it in air, and by the action of hypochlorous or 
nitric acid ; F. L. Dulong used iodine or chlorine, and also soln. of mercury, silver, 
or gold salts. C. A. Wurtz oxidized phosphorous acid by prolonged exposure to air 
or by treatment with cono. sulphuric acid ; H. Davy used chlorine, hypochlorous 
acid, iodic acid, nitric acid, and salts of mercury, gold, silver, etc. A. Cavazzi 
oxidized phosphine by treatment with sulphur acid at 60'’ or 70°; H. Rose 
used cono. sulphuric acid at ordinary temp. ; and F. Th6nard, chlorine-water. 
C. F. Bucholz boiled B. FeUetier's acid witb nitric acid. A. Sommer recommended 
oxidation with bromine when hydrobromic acid is obtained as a by-product. 
M. Pettenkofer also recommended makmg phosphoric acid by boiling with nitric 
acid the by-prodnet obtained in the preparation of hydriodic acid from iodine, 
phosphorus, and water. F. G. Liljenroth made the arid by the action of hot 
water or steam on phosphides with or without a catalyst ; and E. Urbaiu recovered 
the phosphorus evolved in the preparation of activated carbon, in the form of 
phosphoric acid by a modification of this process. 

A great many chemists— M. Martres, etc.— have described the preparation of 
phosphoric acid by the action of boiling nitric acid on phosphorus. The method 
was employed by A. L. Lavoisier in 1780, and strongly recommended by T. Berg- 
man, who said: “ Nothing but a prudent management of the fire is required to 
procure the acid with the greatest ease in a state of as great purity as by the tedious 
and wasteful method of combustion in air.” Phosphorus is scarcely attacked even 
by 6 months' contact with cold dilute nitric acid of sp. gr. 1-012, but with 
more concentrated acid, the action is more marked. Some ammonia is formed 
during the reaction, and the amount reaches a maximum with nitric acid of sp. 
gr. 1-18. 

OrtliophDspliOTic Bind is Donveniently prepared by boiling one port of rod pbosphonia 
with 16 parts of uilriu a(‘id — sp. gr. between 1-20 and 1-25 — ^in a flask fitted with a reflux 
con^'nser and a ground glass-joint at the neck. Any lutric acid wiiich is volatilized will 
thus be retumod to the flask. Yellow phosphorus is not so quickly attacked by nitric 
and OA red phoaplinrus, possibly bewauso the former melts and forms niassos wliich do not 
present so nearly as largo a surface to the action of the arid as do the pnrtirles of rod pliofl- 
phorus. The latter is more ex])eniiive. When tlie photiplinnis is all oxidized, the soln. 
IS eva{)orAted to dryness, and the residue is finally heated in a platinum dish to a temp 
not exceeding 180 ° to make sure that all the nitric acid is driven off. Tho boiling liquid 
usually shows the prosencs of phosphorous scid, which is subsequently oxidized to phosphoric 
acid. Whether tho primary action results in the fonnation of both acids or of phosphorous 
acid alone is not clear. If the acid employed for the oxidation bo more cone, than tliat 
just indicated an explosion may ensue ; and if a weaker acid be used the action is vecy 
slow. 

M. Pettenkofer, W. J. Horn, and 6. A. Ziegeler showed that the presence of a 
trace of iodine will accelerate the reaction, which then runs more smoothly. 
6. A. Ziegeler recommends 0*3 to U'G gnu. of iodine per lOU grms. of phonphorus. 
P. Wagner, and G. F. H. Markoe noted that bromine acts in a similar way. The 
nitric acid should be free from sulphuric acid. 

If the phosphorus contains arsenic, the phosphoric acid will be contaminated 
with arsenic acid. W. T. Wcnzcll, B. W. Runyon, L. A. Buchner, 0. Watson, 
J. von Liebig, C. F, Baiwald, etc., have described processes for eliminating the 
arsenic. In these, the aq. soln. of the acid is sat. with hydrogen sulphide, and 
allowed to stand some days in a closed flask ; renewal of the hydrogen sulphide is 
necessary from time to time. The filtered liquid is freed from hydrogen sulphide by 
evaporation. W. Gregory purified phosphoric acid by heating it between 320° 
and 350° so as to trai^orm it into metaphosphoric acid, and the impurities into 
insoluble metaphosphates. The metaphosphoric acid is leached out by water, and 
transformed into orthophosphorio add as indicated above. The process of purifi- 
cation— J. B. Trommsdorfi, 0. Watson, H. W. F. Wackeuroder, etc.— by predpita- 
ting the impurities with alcohol is too expensive. A. J. Bolard, and F. L. Dulong 
precipitated the calcium phosphate (and magnodum phosphate) with ammonium 
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carbonate. Aocoiding to B. Haddrell, the acid purified hj W. Gregory’s process 
still retains magnesium and sodium phosphates. In J. N. Carothers and 

A. B. Gerber’s process, cone, phosphoric acid is paitiaUy freed from arsenic, lead, 
lime, and fluorine by chemical methods, and is then subjected to a current of air at 
a temperature of 50° to remove volatile impurities. The suspended solids are then 
S'^parated and the acid cooled, when crystalline phosphoric acid separates. 

B. Laporto treated sodium phosphate urith barium sulphide, etc. : 3BaS+2NaOH 
-f2Na2HP04=:Ba3(P04)2+3Na2S+2H20 ; and the washed barium phosphate is 
treated with sulphuric acid, etc. 

Phosphoric acid is not usually prepared in the laboratory because an acid of a 
high degree of purity can be readily obtained in commerce. Only in special cases 
is the preparation conducted in the laboratory. The hydrolysis of the phosphoric 
or phosphoryl halides— PF5, POF3, PCI5, POCI3, PBrs, and POBrg— furnishes 
fairly pure phosphoric acid, PCl5+4H20=H3P04-f 5HC1, when the volatile acid 
has been removed by evaporation in a platinum dish. A. Gcuthcr and 
A. Michaclis found that phosphoric acid is likewise produced by the action of pyro- 
phosphoryl chloride on water. H. E. W. Phillips prepared the acid in the following 
manner ; 

rhosplionia trichloride twico redictilled was mixed very slowly with specially purifind 
water, the flat porcelain dish in which the sridition was made being floated on cold water 
durinjc the oponition. It was loimd that, if the addition was made too ra|)itily, a discolora- 
tion was produced, which at the end of tlie preparation was soon to be duo to a tine powder 
suspended in tho liquid. Tho phosphorous acid was then boated until it gave no prcc^ipituto 
with silver niimto. It was thra oxidized by cautious addition of dil. nitric aciil, wlion an 
active oUervesoenoe ensued. Nitric acid was eventually added in slight excoss, and tho 
ovaporation cuuiinued until all the nitric acid wna expelled. The phosphoric Bi.‘id thus 
prepared was triuisjiaront and colourless. The 100 per cent, acid did not olloot litmus 
jmpor, and had no oction on sodium carbonate. 

A. Joly^ recommended treating purified ammonium phosphate with boiling 
cone, hydrochloric acid. The liquid was separated from the precipitated ainmonium 
chloride, and heated with nitric acid to drive off the ammonia and hydrochlorio 
acid. The nitric acid is expelled by evaporating the soln. as indicated above. 
A. Ditte, and G. Watson used sodium phosphate and cone, hydrotdiloric acid; 
M. Nicolas, calcium phosphate or natural phosphates and hydrofluoric acid ; 
A. Gutensohn heated aluminium phosphate with tin shavings in an iron vessel ; 
H. N. Warren electrolyzed a soln. of copper phosphate in dil. phosphoric acid ; 
J. J. Berzelius prepared lead phosphate by adding a soln. of lead acetate to a nitric 
acid soln. of bone-ash, and decomposed the lead phosphate by treatment with dil. 
sulphuric acid, and removed the last traces of lead by hydrogen sulphide ; and 
W. Odling treated a soln. of sodium phosphate in ice-cold water with lead acetate, 
and decomposed the washed precipitate suspended in water with hydrogen sulphide. 
The soln., freed from the precipitated lead sulphide, was evaporated to remove the 
hydrogen sulphide. J. Fersoz digested the soln. of bone-osh with ferric or alu- 
minium oxide, decomposed the precipitated phosphate with sulphuric acid, and 
afterwards extracted with phosphoric acid with alcohol, L. Thompson precipi- 
tated the lime by treating the calcium phosphate with oxalic acid. W. H. Ross 
and co-workers purified phosphoric acid by a process of fractional crystallization. 

Industrially, phosphoric acid has been prepared from bone-ash, from natural 
phosphates, or &)m Thomas-slag. Many processes have been suggested, ^ and 
patent specifications filed,— 6.9. by A. Adair and W. Thomlinson, H. and E. Albert, 
A, J. Balard, L. Blum, M. Brandon, A, Colson, G* Deumelandt, A. Drevermann, 
F. Dietrich, E. Dreyfus, F. L. Dulong, J. M. J. Funke, W. Gregory, K. Hasonclever, 
M. Hatmaker, J. Meckstroth, A. House, L. Carpenter, U. Suchy, A. Aita, 
H. G. C. Fairweather, W. G. Waldo, E. W. Guernsey and J. Y. Yee, J. N. Carothers, 
E. D. Jacob, L. Imperatori, G. Leuchs, J. von Liebig, T. Lomax, K. Maddrell, 
H. Merz, T. Meyer, J. Neustadl, N. B. Fowter, G. Bocoeur, F. S. Washburn, 
A. Bose, C. Bunder, W. H. Boss and co-workers, C. Bcheibler, R. Schliwa, 
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6. Q* Thomas, B. 0. Thomas and T. Twymann, J. B. Tiommsdorfi. In many of 
thasa the phosphate is treated with the caloulated (][aantity of dil. sulphurio acid for 
precipitating the lime, and after the mixture has stood some time, it is pumped 
through a filter-press so as to separate the cslciiim sulphate precipitate from the 
phosphoric acid which has a sp. gr. approximating 1*07 or 1'09. The liquor is then 
evaporated in lead pans until its sp. p. is nearly 1-53. If necessary, the acid can 
be treated with more sulphuric acid to precipitate more calcium sulphate, and the 
clear liquor evaporated to dryness, and ignitik to drive off the excess of acid. The 
product is nearly free from Ume and sulphuric acid, but retains magnesium phos- 
phate. The cakes from the filter-press are used for agricultural purposes. 
W. H. Waggaman and co-workers, T. Swann, W. Kyber, and W. H. Boss and co- 
workers described the preparation of phosphoric acid from phosphatic rocks by 
heating at a high temp, a mixture of the natural phosphate with silica and coke, 
and collecting the volatilized phosphoric acid in a suitable chamber. A calcium 
silicate slag remains. F. J. Maywsld heated the mixed phosphates by a low potcii- 
tial arc, and collected the volatilized phosphoric acid. The volatilized acid prepared 
by the volatilization process is at least of an equal degree of purity with that prepared 
by the sulphuric acid process. 

Table 111 by W. U. Boss ^ and co-woikers shows the amount of impurity in some 


Txulu lir.— TriK C'dMrosiniov of Homs Commkrciaii rHosmonic Arms. 
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Mn 

Pb 
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1-0 

0-28 
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0*14 

1-3055 
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0-10 
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12 

1-0 

liTiTl 

0-000 

0-02 
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0-17 
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0-05 
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commercial phosphoric acids prepared by the sulphurio acid process S and by the 
volatilization process V from phosphate rock B or bones B, The commercial acid 
may be crude C or refined P. Arsenic and lead are expressed in parts per million. 
The lead is largely derived from the lead con- 
tainers. The presence of jihosphoroiu add as an 
impurity in phosphoric acid is revealed by its 
giving a black instead of a yellow precipitate with 
mercurous nitrate ; a precipitate of sulphur when 
heated with sulphurous acid ; and evolving phos- 
phine when heated with dil. sulphuric acid. The 
presence of metaphosphoric acid is indicated by 
the white precipitate obtained by its coagulating 
white-of-egg. 

The hydrates ol phosphoric add. — 

J. F. H. Siiersen ? found the crystals of phosphoric Fia. 40. 
acid to be easily soluble in water, and H. Giran 
obtained the residts shown by the continuous curve, 

Fig. 4D, for the f .p. of mixtures of oithophosphuric 
acid and water. There are two minima, 22-5° and - 81° ; the former corresponds 
with HgPO^+O'lSbHgOi and the other with H3P04-|-3*205H20, the maximum 
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oocnning with the hemihydrate. W. H. Ross and R. M. Jones gave — 86” for the 
one eutectic temp., and 23 - 50 ” for the other. A. Smith and A. W. C. Menzies have 
measured the solubility of the ortho-acid in water at different temp. The results 
constitute a more detailed study of the f.p curve for the more cone. soln. of ortho- 
phosphoric acid. The following numbers are selected from their data : 
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The results are graphed in Fig. 41 . AB is the solubility curve of A. J oly’s hydrate. 

2HaP04.H20; B is the melting point of this 
hydrate ( 29 -^°) ; BC, the effect of phosphoric 
acid on the m.p. of the hemihydrate ; CD, the 
solubility curve of IOH8PO4.H2O ; and C is the 
eutectic point ( 23 * 5 ”) of the two hydrates ; D is 
the transition point ( 26 - 2 °) ; J)E is the solubility 
curve of orthophosphoric acid; and E is the 
melting point ( 42 - 30 ”) of orthophosphoric acid. 
W. H. Ross and R. M. Jones observed no break 
ill the curve at D, and were unable to confirm 
the existence of the hydrate, 10U8FO4.H2(l. 
J. Kendall and co-workeis studied the hydrate 
formation with this and related acids. 

According to A. Joly, if a cone. soln. of the approximate composition H3VO4 
-f O-3H2O be sown with a crystal of phosphoric acid, the mother-hquid remaining 
after the crystallization has the composition 2n2P04.H20, and this solidifies to a 
mass of prismatic plates of hemihidrated arfhophospheniG add, 21l3r04.U20. 
The undercooled soln. of this hydrate crystallizes when sown with crystals of the 
ifiomorphous hemihydrated arsenic acid. A. Smith and A. W. C. Menzies have 
found that A. Joly’s hydrate is stable between — 16 - 3 ” and 25 - 41 ”. It has been 
suggested that the hemiliydrate 2H3PO4.H2O is really an octobasic phnsphoric 
acid, or orthodiphosphoric acid, HgP^Og, represented by the salts, tetracalcium 
phosphate, (>a4P20g ; libethenilff CU4P2O9.H2O, etc. Since orthophosphoric acid 
is probably H4P2O4, the theoretical hytkoxyl derivatives with a ^P— 0— P= 
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A. Smith and A. W. C. Menzies obtained dedtabydrated orthophosphoric add, 
IOHSPO4.H2O, stable between — 24 - 11 '' and 25 - 85 ”, Fig. 41 . This hydrate forms 
large transparent prisms which pass into anhydrous orthophosphoric acid, H3F04, 
at 26 - 2 °. W. H. Ross and R. M. Jones were unable to confirm these observations. 
P. L. Huskisson found crystals which had separated from a sample of sp. gr. l-7r)U 
(H8‘8 per cent.) induced crystallization in acids of specific gravity from l’6(i (82 per 
cent.) to 1*75 at ordinary temp., but not so in acids of higher or lower specific 
gravity. The work of A. Smith and A. W. C. Menzies shows that the crystals 
were those of the hemihydrate, 2HSPO4.H2O, and if F. L. Huskisson had worked 
below 13 ” he would have obtained crystals from the less cone. soln. The crystals 
P. L. Huskisson obtained by allowing a soln. of sp. gr. 1*75 to stand in vacuo were 
those of H3PO4 ; and in such soln., the crystals of the hemihydrate induced no 
crystallization. The formation of the hydrates was discussed by J. Kendall and 
co-workers. Attempts by A. Sanger to prepare the mimohydrallei oHhophosphmc acid, 
H3?04.H20, t.e. P(0H)5, were not successful, although P. Lemoult did prepare 
urganic derivatives of pentabasic phosphoric acid, RO.F(NH.R)4. H. Crompton 
found that the second differentia of the electrical conductivity gave breaks 
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ooireBponding mUx the hydrates HjPOiJHjO, and HjPO^.THgO, which are tin 
same as those found by D, I, Menddeefi from tiie first differential coefficient of tiie 
Bp. gr. cuTVes — wde Bulphurio acid. 

The physical piopemes of phosphoric add.— J. F. H. 8iierBen,B P. A. Bteinaoher, 
and F. Stromeyer noted that spontaneous crystallization occurs if the viscid liquid 
be left at rest for some days. The transparent crystals are cither four-sided prisms 
or Fiix-sided prisms with quadrilateral summits. A. Juiy said that the (Spatals 
belong to the rhombic system. According to Q. Tammann, when the soln. of 
phosphoric acid has been evaporated to the point where the bubbling and spurting 
suddenly cease, the syrupy liquid has a composition corresponding with H3PO4 ; 
and, according to G. Kramer, this liquid lumisheB transparent prismatic cryst^ 
on cooling. The syrupy liquid does not crystallize readily owing to surfusion. 
W. H. Kobb and K. M. Jones saw that the rates of crystallization of the hemi- 
hyrlratod and anhydrous phosphoric acid are respectively 2-6 cms. and 33-3 cms. per 
minute at 22**. If the cone, be carried further than this, H. P. Cooper said that 
the liquid gelatinizes and some pyro- and meta-phosphoric acids are formed ; but 
P. L. lloskisson stated that if the evaporation be conducted in vacno beyond a sp. 
gr. 1-660, transparent plates are formed which become opaque with tbe development 
of heat on exposure to air. 11. £, W. Phillips did not find the 100 per cent, acid 
to cr}&tnllizp, except occasionally when cooled to 0’’. J. Thomsen found the cone, 
soln. of the acid crystalhzes readily if sown with some crystals of the solid acid. 
II. P. Cooper said that a erystal of Glauber's salt in a soln. of sp. gr. 1*850, crystallizes 
rapidly, but Ibis statement is probably a tnaZ-iuterpretation of the observed result, 
and is nob a true ease of crystallization by seeding. Crystallization occurs rapidly 
with the development of heat by the iuDculation of a soln. of sp. gr. 1-7D0 with a 
crystal of orthophosphoiic acid; with a soln. of sp, gr. 1*660, crystallization 
proceeds more slowly, and fuTnishes prismatic needles. The crystals are 
delir|uesccut. J, Dalton ^ measured the speci&c gravity of a few solutions of 
pliusphoiic acid of known composition. According to H. Schifi, the sp. gr. of the 
s)ru])y liquid of the cumposition II3PO4 is 1*88, and he represented the sp. gr., D, 
of a bohi. with p per cent, of phosphoric acid, II3PO4, by the formula D=\ 
4()*0()5378pH-U*(H)CKJ28flfij/HO-00000006p3. Tables have been prepared by 
H. Watts, H. Rcliill and A. Ott, etc. The results by H. Hager are indicated 
in Table IV. If the percentage of P2O5 be multiplied by 1-38, it furnishes 
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1*396 
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M59 
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1*371 
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the corresponding s mount of H3PO4. Observations were also made by 
N. P. Rnowlton and A. C. Mounco, D. I. Mendel^efi, W. H. Boss and 
R. M. Jones, W. Thomer, and F. K. Cameron and W. 0. Robinson. E. Comec 
measuTod the sp. gr, of soln. of phosphoric acid while being progressively 
neutralized by potassium hydroxide, and found a marked minimum conesponding 
with the dihydxophosphate, and a maximum corresponding with the normal 
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phoephate. The vilooBUy of eoh. of phosphoric add have been measund hj 
J. L. M. Foisseville*^^ E. T. Blotte, etc. With water unity, B. Beyher found for 
N-, IN-, and lN-ao]n., at 25^ respectively 1*2871, 1*1331, 1*0656, and 1*0312 ; 
and B. E. Moore, at 1B°, for soln. with 0*25, 0-5, 1*0, and 2*0 mols per litre, the 
respective values 1-064, 1-143, 1-311, and 1-739. A. Smith and A. W. C. Menaies 
found no maximum in the solubility curve of mixtures of 90*6 to 98-1 per cent, 
of orthophosphoric acid with water. L. J. Simon measured the viscosity of phos- 
phoric acid while being neutralized with sodium hydroxide. T. Graham found 
that the rate of diflosion of phosphoric acid is such that in eight days 9*1 grms. 
of the acid diffused from a soln. of 4 grains of HsF04 in 100 grms. of water at 
15*6°. For phosphoric acid, at 20°, L. W. Oholm gave for 3N-, 2N-, N-, and 
0-25i^-soln,, i^-644, 0-656, 0-G92, and 0-772 respectively. The coeficie^ ot 
cubical expansion of soln. of phosphoric acid were determined by C. Forch,^i 
W. Thorncr, and H. Schifi. C. Forch gave: 

Percent. . 6“-10" 10*-16® 16*- 20® 20‘’-26“ 25‘*-30“ 35"-40* 

4-8 . , 48 100 164 220 206 300 362 387 

17-8 . 188 228 267 304 337 371 390 430 

The true melting point of orthophosphoric acid is difficult to determine on 
account of the depression which is produced by traces of water absorbed by the 
hygroscopic crjbtals. J. Thomsen found 38-6°; W. Borodowsky, 36-6°; 
M. Berthelot, 41-75° ; A. Smith and A. W. C. Monzies, 42-30° ; and W. H. Boss 
and R. M. Jones, 42*35°. G. Tammann represented the effect of preas. p kgrms. 
per sq. cm., on the m.p., 6°, of orthophosphoric acid by fl— 38-0+0-(HJ800p, or 

0 . . . 38-3 40-03“ 44*08" 40-94* D4-D3" 69 98" 

jD , . . 1 410 960 1500 2032 2605 

H. Giran measured the f.p. curve of mixtures of orthophosphoric acid and water. 
His curve shows two minuna, one at 22-5° and one at —81°, with one maximum 
at 29°, and he concluded that 29° is the m.p. of the hemihydrate. The minimiim 
- 81° is probably the cryohydrio point for the mixture n3P04+0*13r)H20. 
H. Giran’s mp. of 2ll3F04.1l20, 29°, is two degrees higher than A. Joly's own 
value, 27°. A. Smith and A. W. 0. Monzies give 29'35° ; and W. H. Ross and 
R. M. Jones, 29*32°. Probably owing to undercooling effects, H. Giran missed the 
decitahydrate. For the m.p. of mixtures of phosphorous and phosphoric acids, 
vide Fig. 37. J. Kendall and co-workrrs, and H. C. Jones measured the mol. 
lowering of the freezing point in aq. sola., and calculated values for the degree uf 
ionization. G. Rdmelin^s found for soln. with 15-11, 21-57, 28-21, and 32-75 per 
cent. H3FO4, the specific heats 0-834, 0*813, 0-776, and 0-697 respectively. 

The vapour pressures of aq. soln. of orthophosphoric acid were measured by 
L. von Babo in 1847 ; at the b.p. 122°, the vap. press, is 760 mm. ; at 35°, 20 mm. ; 
at 65"', 92 mm. ; and at 78°, 164 mm. C. Dieterici found at 0° soln. with 0-945, 
22-32, 124-9, and 390-2 grins, in 100 grms. of water had a vap. press, of 4-612, 
4-377, 2-710, and 0-6.36 mm. respectively. G. Tammann measured the lowering 
of the vap. press, of water at 100°, and found with 20-75, 149-16, and 330*52 grms. 
of phosphoric acid in 100 grms. of water lowered the vap. press, respectively 30*1 1 
290-9, and 507-3 mm. A. Smith and A. W. C. Menzies found the vap. press, of 
the hydrate systems attained a state of equilibrium very slowly ; a sat. soln. ot the 
hydrate 2H3PO4.II2O at 24-99° had a vap. press, of 0-85 mm. I. Froschl measured 
the mol. wts. determined by the deration of the boQing point for sola, of different 
eonc., and the resulting curve exhibited discontinuiries with 7 and 13 per cent, of 
II3FO4. For soln. with 1 to 6-5 per cent. H3PO4, the mol. wt, was 137-2 ; with sob. 
7 to 12 per cent. H3PO4, 125*9 ; and with soln. 14 to 27 per cent. H3PO4, 115-7^ 
the theoretical value for IIsP04 is 98. 

J. Thomsen gave —2*52 Uals. for the heat of fusion of orthophosphoric add, 
H3PO4 ; and A. Joly, — 7-2B Cals., for the heat of fusion of the hemihydrate, 
2H3FO4.H2O. J. Thomsen gave for the brat Of fomuitMin (H3,P,04)=:302-56 
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Cab. for the oiystalline salt, and 300-04 for the fused salt ; and 303-29 Cak for the 
salt in Boln. H. Gfiran gave respectively 305-83, 303-32, and 308-53 Cals. A. Joly 
gave for p2054’H20sojid=p205.3H20+29-6 Cals. ; and H. Oiran, for the heat of 
hydntion of solid, liquid, and soln. of pyrophosphoric acid, H 4 P 207 , with liquid, 
water to form respectively solid, liquid, and soln. 2 HjP 04 , G-97, 9-09, and 4-25 Cals, 
respectively. A. Joly gave for P20B.3H20aoUd=P206AH20>ouii(or 2 n 3 P 04 .H 20 ) 
+3-7 Cats., P20B+4H208o!id=PaU|i.4H20+33'3 Cals. G. Uiimelin gave for the 
heat 0l dilutum of soln. wi& 11*19, 13-88, 19*88, and 29-99 mols of water per mol 
of H 3 p 04 , the respective values 33-13, 19-93, 12-26, and 8-23 Cab. respectively. 
P. A. Favre and J. T. Silbermann gave 323*9 cals, for the heat of neatraJizatum of 
a gram of a dil. soln. of potassium hydroxide with orihophosphoric acid, and 480-1 
cals, for sodium hydroxide. J. Thomsen found the heat ol neutralization of a mol 
of phosphoric acid with a soln. of n mob of sodium hydroxide : H 8 r 04 aq.+nNa 0 Hgq. 

n 0*S 1 0 20 3U 60 

IJent of noutiralization • 7-3 14'8 27'1 310 3(>'3 Cab. 

M. Berthelot and W. Longuinine obtained rather smaller values. Thb shows that 
cq. proportions of sodium hydroxide have very different thermal values -the first 
equivalent 14-8 Cab., the second, not very different, 12-3 Cab., and tbe third 6-9 Cab. 
U. de Forcrand found the total value of the three acid functions of pliosplioric acid : 
ir 3 P 04 ,Mi +Na 3 ttq.— H 3 gaa+Na 8 p 04 «j,+ 148-13 Cab., with a mean \aliie for each 
49-38 Cab. The observed value for the first is 60-6 Cab., for the second 49-2 Cab., 
and for the third, 38-83 Cab. The thermal value of the first acidic ]iydrt)geD b 
high because of intramolecular combinations ; the second b less, showing that the 
dispbeement is more easily effected once the way has been opened ; and similarly 
with the third. M. Berthelot obtained for the heat of neutralization of 7\=-L 
and mob of ammonium hydroxide with a mol. of phosphoric acid respectively 
13-5 and 20-3 Cab. ; while for the hydroxides of tbe alkaline earths, by the dis- 
solution of a mol. of H 3 PO 4 in six litres of water at 16°, and 0 -.^)CaO, CaO, and 

1 - DCaO, 14-8, 24-5, and 20-8 Cab. respectively; with strontium oxide similarly, 
15-05, 25-3, and 30-3 Cab. ; and with barium oxide, 15-0, 25-4, and 30-4 Cab. 
P. Tutoit and K. Urobet messured the temp, of the soln. during the progressive 
neutralization of phosphoric acid and obtained throe characteristic breaks. 0 . Stel- 
ling studied the Z-ray speettum, 

J. Thomsen gave for the heat of solution of a mol. of the crystalline acid, 2-69 
Cab. ; and of the liquid acid, j-21 Cab, A. Joly gave for P 205 . 3 Tl 20 H[,<ia in 400 mob. 
of water at 13°, 5-34 Cab.; for P20B*4H20.joUdi 0-28 Cul. ; and P 205 . 4 H 2 Uiii|iiiii» 7-56 
Cab.; forP2OB.4H2O+17i'0H2O,0'62 Cal; for P2O5.4IT2O420()fl2O, 0-10 Cal; 
for PaOB.4Il2O+200H2O, 0 Cal ; and for -0-14 Cal 

E. Petersen has measured the heat of dilution ; and E. Bose, the heat of mixing. 
P. A. Favre and J. T. Silbermann find the thermal eq. of H 3 PO 4 : HaPO^ : H^POy are 
rebted as 4-36 : 2-91 : 1. J. C. Thomlinsou made some calculations on the heat of 
formation of the acids of phosphorus on the assumption that phosphorus is quadri- 
valent. S. Arrhenius gave far the heat of ionization per mol : HgP 04 -=H‘+H 2 P 0'4 
—1-82 Cab. at 35 °, and — 1*53 Cak at 21-5°. The negative value of the heat 
of ionization is supposed to expbin why the heat of neutralization exceeds 13-:) Cab., 
the normal value for the stronger acids. If Q denotes the heat of neutralization, 
q the heat of ionization, and a the degree of ionization, 0=13-52— ( 1 — 0 ) 7 . At 

2- 15°, 0 = 0 - 2 ; (l—a)j=— 1-242 ; Q calculated =15-06, observed =14-98 Cak 
At 35°, 0=0-177 ; (l-a)y=-l'5000 ; 0-14-75. 

B. Cornec i" gave 1-3507 for the index of lebacfaon of the acid soln. of sp. gr. 
1-1056. J. U. Gbdstone found for the refractive index of soln. of sp. gr. 1-180 
at 7*5°, 1-3584, 1-3030, and 1-3746 respectively for the D-, and //-lines, 
W. J. Pope gave 21-6 for the refraction equivalent of the H 2 P 04 -radiclo. 0. Fery 
said that in the progressive neutralization of phosphoric arid by sodium hydroxide 
there are three critical points corresponding with the appearance of the primary, 
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$ Mfoe 
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10 ^ 60 so 
Ptrcent. of base 


secondAiy, and tert^ phoaphatea. E. Comeo found that with potaaaium 
hydronde, there ia evidence of the formation of the normal aalt and of the dihy^o- 
phoaphate aa ahown in Fig. 12, which alao includes valueafor the refraction, 

(^— 1)/A and for the ap. gr. T). The 


results are thought by E. Corneo to be 
hiOiO%. inconaiatent with the formation 
hmo% complex phosphates, KHbIPOJs; 
i^OSOO 5 ^5 Hb(P 04)3 ; and K7H5(P04)4. "When 
h0900 ^ ammonia is used in place of the alhali- 
the normal and dihydio-salts pro- 
h0920 i duce singular points on the curve. 
f^OOOO^ J. A. Wasastjerna studied the refrac- 
^•0080 tion equivalents of the phosphates. 
ftr cent, of base (^cblentz found orthophos- 

Fig. 42.-NeutraU»tionCurv9.oIPho.phorio add to be ^ opaque to 

obtom other than an imperfect ultra" 

red transmisaifin spectmin, 

J« F. Daniell electrolyzed a 6 to 11 per cent. sob. of phosphoric acid in a cell 
with electrode compartments and obtained the migration value M. Faraday 

tried to electrolyze molten phosphoric acid, but he obtaiurd evidence that only 
the adsorbed water was decomposed by the current, not the acid itself. Again, 
according to C. Luckow, aq. sola, of phosphoric acid are not decomposed by the 
dectric current, but if carbon electrodes be employed, A. Bartoli and G. Papasogli 
say that fhos'phoimllotim is formed, and with graphite electrodes, phosfhograjihO^K 
acid. According to G. Janecck, when molten phosphoric acid is electrolyzed at 
a temp, below that at which it begins to lose water, it first forms pyrophosphoric 
acid, then metaphosphoric acid, then phosphorous acid and phosphine. 

According to M. Rabinowitsch,^^ the doctrical conductivity of orthophosphorio 
acid,2H3F04.H20,in the crystalline and surf used states approximates respectively to 
10~^ and 1U~'^ mhos. The temp, coefi. is positive, and there is an abrupt change 
on solidification. The decomposition potential is 1-70 volts. The ratio of the 
dectrical conductivities in the crystalline and surfused states is assumed to indicate 
the degree of loosening of the crystal lattices. The conductivity of the anhydrous 
acid decreases with time, and is associated with some change in the acid. 
W. Ostwald found the electrical conductivity of phosphoric acid to be 7-27 when 
that of hydrochloric acid is 100 The specific and eq. electrical conductivity of soln, 
of phosphoric acid has been measured at 18° by F. Kohlrausch. The conductivity 
of sob. of phosphoric acid has also been measured by W. Foster, A. A. Noyes and 
co-workers, W. Ostwald, C. Deguisne, S. Arrhenius, H. Compton, F. W. Kiistoi 
and co-workers, D. Berthelot, A. Smith and A. W. C. Menzies, E. B. R, Frideaux, 
M. Pouchon, H. Wegelins, and G. A. Abbott and W. C. Bray, H. E. W. Phillips 
used Ughly purified phosphoric acid and obtained the results indicated in Table V. 
These are plotted in Fig. 44, along with those for hydrochloric, nitric, and sulphuiic 

ucids and for sob, of potassium and s^um 

^S60 hydroxides for comparison. The conductivity of 

^ phosphoric acid thus increases with concentra- 

^ iibn from 1'4 to 38 per cent. ; thence to 44 per 

^ cent, the increase is slow; it then decreases 

^ 600^ ^ about 50 per cent., after which the 

decrease is as rapid as the former rise. 
Fio. 43.— The Efloct p* Crompton found that the second difierential 

tority“ri aJS? Gf condnrtivity with the com- 

tthorioAcid. position of the soln. indioated the presence of 

J^P04.7H20 and of H^04.2H20 — sulphmio 
aoid, B. Airheniue found a maximum in the oondnotiyity, A, with Taiietions of 
temp. 9. The temp, effect can bo lepreaented by A.=:A(|^'®"*^(l*fO'Ol465^, 
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Table V.— Electbioal CoKononymEs of SoLimovB of Fetobphdrio Acid. 


Peroenlacp 

ront*entralloii 

EqiilyaleniB 
per litre. 

SpodAo 

n-Bistanoe. 

BpeeiOp 

coDDUotlvity. 

MoleoulaT 

conductIvUy. 

PeroeotaBe 

loiilutlon. 

1-4 

0-43 

71-436 

o-ouuo 

97-60 

40-63 

2-87 

0-80 

39-484 

0’02S33 

85-20 

35-00 

6-28 

1-66 

23-663 

0-04245 

70-00 

31-92 

1600 

6-37 

12-401 

00B064 

44-Bl 

18-71 

30-71 

11-20 

7-803 

0-12B10 

34-43 

14-35 

38-49 

14-71 

6-863 

0-14592 

29-77 

12-40 

43-20 

1703 

6-704 

0-14010 

26-28 

10-95 

48-00 

19-91 

6-921 

0-14449 

21-77 

9-07 

62-83 

22-06 

7-272 

0-13750 

18-70 

7-79 

65-72 

20-92 

9-779 

0-10226 

10-30 

4-29 

71-20 

33-76 

12-697 

0-07B76 

7-00 

2-02 

82-22 

42-08 

24-670 

0-04055 

2-80 

1-20 

92 07 

50-42 

46-388 

0-02203 

1-31 

0-65 

100-03 

67-69 

71-134 

0-01400 

1-73 

0-30 


which is a maximum when 0--53'', but since the conductivity at Ap ia taken 
at 25°, the maximum, as in Fig. 43, occurs at 7 B°. The percentage ionization ia 
also shown in Table V. A. A. Noyes and co-workeis found the efiect of temp, ou 
the conductivity to be such that for soln. containing M milli-formula weights 
of H 3 PO 4 per litre, the conductivities were as follow : 


A/ 

18“ 

25" 

60" 

76" 

100" 

129" 

166" 

0 0 

338 

.176 

610 

631 

730 

839 

930 

0-2 

.130-8 

367-2 

493-0 

COO-3 

688-5 

762-1 

804-7 

2-0 

283 1 

311-9 

400-7 

463*6 

498-2 

507-6 

4BB-0 

10-0 

203 

222 

273 

300 

308 

298 

274 

12-5 

191-2 

208 1 

254-1 

278-5 

283-9 

273-6 

260-5 

60-0 

122-7 

132-6 

157-8 

168-6 

167-B 

168-0 

142-0 

80-0 

101 

112-4 

133 

141 

141 

1.14 

118 

iOO-O 

96-5 

104-0 

122-7 

129-0 

128-4 

120-2 

107-87 


The temp. ooeS. is negative at the higher temp, and positive at the lower temp. ; 
this also agrees with the observations of A. N. Campbell on the conductivity of 
phosphoric acid at 0 °, and those of F. Kohlrausch at A. A. Noyes and co- 
workers calculated that the percentage iooization, a, of soln. of phosphoric acid 
when the cone, are expressed in milli-formula-weightB per litre at 4°, 


0-0 

0-2 

2-0 

10-0 

12-5 

60-0 

80-0 

lOO-O 

100 

08 

84 

60 

36-5 

36-6 

31-0 

3B-5 per cent. 

100 

86-5 

62-5 

29-4 

27-0 

16-6 

12-5 

11-6 „ 


J. Kendall and co-workcrs also computed values of a from the cryoscopic data. 
Phosphoric acid is a comparatively weak acid which ionizes in three stages : H 3 PO 4 
5 ^H‘+H 2 P 0 ' 4 ^ 2 II+HP 04 ", at moderate dilutions, and even at extreme dilutions 
it is but partially resolved : H 3 P 04 ^ 3 H’+P 04 "". The first hydrogen ion has the 
strongest acidic function, the third the weakest. G. A. Abbott and W. C. Bray 
have also measured the ionization constants of orthophosphoric acid and find at 
18°: 


H,PO/ 
HrQ"4^H--hPO/' . 


, A,=3-6XlO-» 


For comparison, the results with carbonic acid and hydrogen sulphide are quoted : 


HCO' 4 ^ 


K4.-=30x10"» 

A.=6 0xl0-“ 


US'; m 1 S" 


Ai=SlxlO-» 

a:i=i-2xio-» 


M. B. Sherrill and A. A. Noyes gave Ki=-0-0083 when expresssed in terms of 
the activities at 18°. E. B, B. Piideaux gave for £^21 l'95xl0~7, and for £ 3 , 
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a-oxio-i*; 11 . T.S. Britton, Jri= 0 - 0 OM; ir 2 =l- 4 xlO-»;andX,= 2 ' 7 xlO-»; 
E. BUnc, ^’ 2 = 8 x 10 ""^: and while E. B. B. Prideaiiz and 

A. T. Ward gave Jr 2 -= 6 XlO“®, and ir 3 =l'l Xl 0 "i 2 . C. Matignon, and 0. Gire 
gave ir 2 =- 1*0x10^7; and E. Blanc, Jf 2 =i 2 XlO”®. 1. M, Kolthoff calculated 

The ionization constants were 
rn^c/l I T I I n studied by L. V . Rothmund and K. Druckei, 

H/Typvj^ A. A. Noyes, and G. W. Eastman, and 

J- Kendall and co-workers. Hence, orthophos- 

— phnric acid behaves like a fairly strong acid 

" / I i respect to the first eq, of hydrogen ; and 

” I o. 1 ^ intermediate between carbonic 

S,C0i^ “ Y acid and hydrogen sulphide with respect to the 

^ /i/i/i 7 / ™ iVZZZ second eq. of hydrogen ; and like a very weak 

8^ ZfiZ _ij ... intermediate between HCO'3 and H 8 ' 

^ ^ respect to the third eq. of hydrogen. In 

^ ^ _ . V » . the normal phosphates, the third eq. of a base 

J -- is so feebly combined that it can be displaced 

even by the dilution of the soluble phosphate 

iflOOr - -SZjr!..- with water; normal ammonium phosphate is 

/ - particularly unstable. E. Blanc obtained the 

6Q conductivity of a aoln. of normal sodium 

A/. A^jajjtah' phosphate treated with successive additions of 

/ hydrochloric arid and obtained a curve with 
Fio. 41. — hlpc'tiiralCoiMluftiMtiPflof -4 p i.iwiri-iv 1 

Holutions of Some Acids and Tr Z 

Alkalies. 6'5xl0”». L. Pcasel found that mixture of 

pyrophospboric and hydrochloric acids show an 
abnormully low clL'Ctrical conductivity corresponding with a feebly ionized com- 
pound of the two acids ; while J. Moyer and A. Pawleita observed that the con- 
dnetivity of phosjdioric acid remains the same with the progressive addition of 
sulphuric acid, wliile that of sulphuric acid remains tlic same with incroasing 
concentration. II. 0. Jone.s and cn-worker.s calculated from the conductivity and 
f.p. datj] thnt in soln. containing M niols of phosphoric acid per litre, the ions are 
hydrated so that II niols of water are in combination with a mol of the salt at 
the given conueni ration : 


r-W: 




0 20 iO €0 SO iOC 
Per cent Add oralkoU 


F. H. Jeffery ob^Tved that in the electrolysis of 15 per cent. OTthophQ.sphoric acid 
with a gold anode, a little of that metal pa.s5es into soln. For the affinity constant, 
vide sulphurir' and. 

I). Berthelot slmwed that when a monobasic acid is treated with progressively 
berrasiug amounts of alkali, the electrical conductivity decreases to a minimum 
which is reached when the acid is neutralized by the base ; any further addition 
of alkali caiLsis Ihe conductivity to increase. This is in agreement with the fact 
that the condur^tivity of a salt is in general less than that of its component 
acid or base. With pnlyhasic acids, a minimum oi'curs when enough alkali 
ha.s been added to form a primary salt, the conductivity then increases, and 
then inri'i>ases in passing from the primary to the secoudary, and from secoiidaiy 
to tertiary salts. The first hydrogen of phosphoric arid was found to behave 
like a mnnuba.<iiic acid ; the second hydrogen, like a slightly ionized weak 
arid ; and the third liydrogcn, like the OH-radicle of phenol. These facts 
agree with the heats of neutralization ; the lowermg of the f.p. ; sp. gr. of soln. ; 
the indices of refraction, and with the behaviour of the acid towards indicators 
where U. T. Thninson, and E. 8 alm showed that one eq. may be titrated with 
methyl-orange as indicator ; the second with phenolphthalein, and the third with 
trinitroheuzenc as indicator. Phosphoric acid thus appears to be monobasic with 
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methfl-oianga as indicator; dibasic with phenolphthalem, and tribasic with 
trinitrobenzene. E. W. Eiister and co-workere determined the neutralization points 
of phosphoric acid from conductivity measurements. The curve given by 
W. M. Clark shows the hydrogen ion cancentretuin during the process of the 
Idtration of 50 c.c. of 0'13f-H3PO4 with O'12^-KOH. Methyl-orange is sensitive 
to H'-ions over the range 3*1 to 4'4p|{, and phenolphtbalein, over the range 8*3 
to 10-0pj|, and these indicators are therefore appUcable for the KH2FO4 and 
K2HPO4 stages respectively as shown in the diagram. C. E. Davis and co-workers, 
W. F. Hofi^nn and R. A. Gortner, J. C. firunnich, and R. Dubrisay formed 
similar conclusions. W. E. Ringer measured the H'-ion cone, of dil. soln. of 
phosphoric acid and of sodium hydrophosphate, and dihydrophos])hatc. W. F. Hoff- 
mann and R. A. Gortner, K. Taufel and C. Wagner, and Q. L. Wendt and 
A. H. Clarke studied the electrometric titration with calcium hydroxide; and 
H. T. S. Britton, the electrometric titration of the acid with sodium hydroxide and 
the alkahne earth hydroxides, as well as of trisodium phosphate soln. with sob. of 
salts of calcium, beryllium, magnesium, zinc, 
alumiiuum, zirconium, thorium, chromium, 
and manganesp. The activity of the phos- 
pliatc ions was discussed by E. J. Cohn. Y 

The temp, coeff. of the conductivity was ^ 

measured by F. Kohlrausch, D. Berthclot, ^ 

8. Arrhenius, and C. Deguisne. For a 10 
per cent, soln., when the sp. conductivity at v! ^ 

18” is represented by the temp, coeff. 

(dKldT 2 z)IKi^ is 0'01U4 ; for a 50 per cent. ^ j 

soln., 0*0174 ; and for an 87*1 per cent, soln., z 

0-0372. A given suln. has a delinite temp. / 
for the maximum conductivity, and above ^ ^ a ^ 

that temp., the conductivity decreases. The ' 

increasing inobUity of tie ions with rise of ZTit«?ioS“i 

temp, may be eumpciisatod by the decreas- phoKphoric Acid witli Alkali-lye. 
ing ionization. A. A. Knyps found for a 

3x0-98 mol. soln., at 12”, 76”, and 93°, respectively, the mol. condurrt^ivities 50*2, 
71-0, and 69-4 with the temp, coeff. 0-00, 0, and — 0*12 respectively. The negative 
temp, coeff, corresponds with the negative lieat of ionization. 

W. Plotnikoff found the mnl. conductivity of ethereal soln. diminishes with 
dilution, and increases with rise of temp. W. Hittorf attempted to deterndne 
the transport number of the anion in aq. soln. of normal sodium phosphate, but 
the salt was so much hydrolyzed that most of the current was carried by the alkali. 
With aq. soln. of sodium hydrophoaphate, the tniusport number of the IIPO'V 
anion was 0*516 ; and with sodium dihydrophospliatc for the H2?0'4-anion, 0-3B3. 
J. F. Daniell and W. A. Miller also made some observations with this salt, 
W. Hittorf found with suln. of potassium dihydrophos})hate, tlie transport number 
of the H2PO'4-Mdi>u was 0-277. 0. Wosnessen.sky measured the potential difference 
at the boundary of phosphoric acid and a non-aqueous solvent. P. Pascal studied 
the magnetic properties. J. Murray tried if he could decompose a soln. of the 
acid by magnetized iron. 

The conztitution of phosphoric odd. — ^The analyses of phosphoric acid by 
E. M, Peligot,!® R. Brandes, M. Berihelot, and A. Joly correspond with the hemi- 
hydiate. A. Hantzsch found that in sulpWic arid soln. the depression of the f.p. 
for soln. of different enne. ooricsponded with mol. wts. ranging from 54 to 78, and 
therefore, said he, orthophosphorio acid is very strongly ionized in this solvent. 
On the other hand, according to H. Giran, the f.p. in glacial acetic acid shows that 
the mol. wt. of orthophosphoric acid in a freshly prepared soln. corresponds with 
that required for (H3P04)2 j but soon approaches that required for H3PO4. This 
phenomenon recalls F. M. Boult’s observation that the mol. wts. of freshly prepared 
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Boln. of Bulphuiic and hydrochloric acids in acetic acid correspond respectively 
with (H2S04)2 and (HCl)2i and that the molecules depolymcrize on standing. Acetic 
acid, also, has simple molerulos CHaOOOH in aq. soln., and doubled molecules 
(CH3C00H)2 in benzene soln. D. Balareil found that soln. of ortho- and meta- 
phosphoiic acids slowly form pyrophosphoric acid ; and he showed that the vap, 
densities of methyl and ethyl phosphates agree with the normal values for R3FO4. 
The structural formula for phosphoric acid will depend upon what view is adopted 
about the valency of phosphorus -ter- or quinquevslent. In the former case, 
the structural formula will be HO— 0 — P=(OH)2, and 0 — P=(0H)3 in the latter. 
The first formula was suggested by J. Thomsen to exjdain the peruliar thermal 
phenomena attending the progressive addition of sodium hydroxide to the acid, 
The hypothesis is unnecessary since it is more probable that with the three hydrogen 
atoms the one helps the other in such a way that if one be removed the bonrls 
holding the other two are weakened. P. Pascal also said that the magnetic sus- 
ceptibilities favour the P 0 ( 01 I)a formula for phosplioric acid and R— FO(OIT)o 
for phosphinic aciil. The first formula is generally preferred for the following 
reasons : Phosphoryl chloride must be cither Cl — 0 — P-.n2 or 0 =Pei:( 13. Phos- 
phorus is undoubtedly quinquevalcnt in the pentafluoride and also in the penta- 
chlorule. From the mode of formation of phosphoryl chloride the formula 0 — PCI3 
is usually considered, without direct proof, to be more probable. Phosphoric 
acid is formed by treating phosphoryl chloride, O^PCla, with water, and tlicrefore 
0 -P=(0H)3 is the most probable structural formula for phosphoric acid. G. Oddo 
TOadc an hypothesis in which it is assumed that an atom of hydrogen, iu the neigh- 
bourhood of two multi-valent elements, can divide its valency between the two by 
assuming a mean position of stable equilibrium; he symbolizes the valency -<; 
and calls the phenomenon fimoidria — mcsohytlry. The formula is in agreement 
with 0 . Stelling ’9 observations on the AT-serios of the X-ray spectra. T. M. Lowry 
said that as in the case of the oxy-sulphur acids- I'ufc hyposulpliurous acid- 
the most stable acid of phosphorus contains four oxygen atoms. The P04^''-iou 
can be written : 


0 + 


0 “ 

0 " 


where the atom of phosphorus carries a siugle positive charge. The corresponding 
acid with three negatively-charged oxygen atoms is of low stability, being only 
dibasic : 


H 

0 


>P< 


0 ‘ 

U’ 


while hypophosphoroua acid with only two negatively-charged oxygen atoms is 
monobasic : 


H 

H 


>P< 


0 

O' 


and the central phosphorus atoms still retains its positive charge, for this appears 
to be a necessary condition for stability with nearly all the oxy-acids, H. Burgarth, 
and H. Kemy discussed this subject. E. B. R. Pridcaux gave for the electronic 
structure {vide infra, phosphorus pcntachloride) : 


Ha 


no 


/ 


The basicity of pho.>iphoric acid appears different when it is neutralized with 
sodium hydroxide according to the indicator employed— supra — and the 
electrical conductivity data explain how the acid was once considered by M. Berthe- 
lot and W. Louguinine, A. Joly, D. Berthelot, P. Walden, and J. B. Senderens to 



mosmovm 


961 


be dibMC Uke Bolphario or oxalic add, and not tribado Uka citric acid. Indeed, 
there is now little roou for doubting ^e ^basicity of the acid, and E. Oomeo’a 
{.p. ouiTos for mixtures of phosphoric acid with Afferent proportions of sodium 
hydroxide give a minimum for Na8F04, and two folds representing the formation 
of Na2HP04, and NaH2P04, Fig. 42 . If the doubled formula for phosphoric add 
^(HsP 04)2, that is, H4P2O4— be acceptedi this acid probably has the constitution ; 

HO ^ OH 

HO^P<^>PeOH 
HO^ ^ OH 

The doubled formula corresponds (i) with H, G-iran’s value for the mol. wt. of the 
acid in acetic acid soln. ; (ii) with the formation of A. Joly's homihydiate, 
2H3P04.H20 ; (iii) with U. Balareff s measurements of the vap. press, of soln. of 
the orlho-acid on a rising temp, where a marked rise of temp, occurs when the acid 
dissociates to simple molecules: (IT3P04)2-=2H3P04 ; and (iv) with H. Giran’s 
scries of salts of the typo APH5P2O3 ; and with E. F^ol and J. B. Senderens salts 
of the type M'''H3P203, that is, M^'T04.H3P04. D. Balareff said that orthophos- 
phoric acid is partly converted into the pyro-acid when kept in a desiccator over 
phosphoric oxide, or even over sulphuric acid. Orthopho^phoric acid has the 
simple mol. wt. in sulphuric acid soln., and if the free acid had the same con- 
stitution, it might be expected that the pyro-acid would also be formed on dis- 
solving in sulphuric acid, but this is not the case. Ethyl and methyl onhophos- 
phates have vapour densities corresponding approximately with the simple formulee. 

According to A. Werner's hypothesis, the molecule of phosphoric arid consists 
of an atom of phospliorus co-onlinated with lour oxygen atoms in accord with the 
co-ordination number of that element. This group forms the tervalent anion of 
tribusic phosphoric acid : 



i'lioaphonc Phosphoious UypophoBpkoroiiB Phosphine Phubpliunliiiii 

acid arid. acid. oxide lodido. 


If one of the oxygen atoms be replaced by a hydrogen atom, the bivalent anion 
of dibasic phosphorous acid is foimcd ; and if another oxygen atom be replaced 
by hydrogen, the univalent anion of monobasic hypophosphorous acid is formed. 
The substitution of a third hydrogen atom for an oxygen atom furnishes a neutral 
group corresponding with POH3 ; this compound has not been isolated, but the 
methyl and ethyl derivatives, (CllsjsPO, and (C2H6)3PO, have been prepared. 
The substitution of the remaining oxygen atom by hydrogen furnishes the phos- 
phonium cation PH'4- H. E. Armstrong and F. P. Worley made some observations 
on the constitution of phosphoric acid — wde sulphuric acid. 

The action ol heat on orthophosphoric add.— In his Recherclm on the Arsenates, 
Phosphates, atd Moi%j\€QUons of Phosphoric Acid, T. Graham 20 showed that when 
evaporated at about 149 **, a ^1. soln. of phosphoric acid gives a syrupy liquid 
which consists entirely of orthophosphoric acid, and between 1.%° and 160 °, it 
loses water very slowly. At 238 °, it loses water so that the ratio is P2O5 : H20=l : 25 
instead of 1 : 3 required for the orthophosphatic acid. When evaporated slowly 
in a platinum flask between 212 ° and 213 °, the ratio was reduced to 1 : 2 jf because 
a very largo proportion is converted into pyrophosphoric acid, II4P2O7. At the 
greatest heat of a sand-bath — considerably higher than the m.p. of lead — the pro- 
portion of water was reduced to a little less than 1 ; 2, and the product consisted 
hirgoly of meta-phosphoric acid. G. Tammann found that if orlhophosphorio acid 
be heated until it begins to fume, pyrophosphoric acid is formed ; and by further 
heating, there is obtained a liquid which, on cooling, forms a white fibrous mass of 
metaphosphoric acid. The conversion to pyrophosphoric acid, says G. Watson, is 
not complete between 230 ° and 235 °, but is so between 255 ° and 260 ° ; the formation 

VOL. VUL 3 Q 



962 


tNORQANlC AlSrt) ITHSoftfiTlCAt CHEUlBlDttY 


of tile neta-ftoid begins botveen 290° and 300°. The vap. press. measniemeniB of 
D. BalateS show that orthophosphoiic acid probably has the iorm^ (HgPQf )8, and 
when heated in a closed vessel, there is an equilibrium reaction, (H,T04)8^H4F(0y 
+H2O, and that with a rising temp. H4Ps07r^2lIF0k+H20 occurs. In adiUtion, 
there is the depolymnieation : (H8P04)2^2I1)P04, and tliJs is followed by H)P04 
^H204-llPQg. D. Balarcfi's results for the vap. press, of the dehydrating ortho- 
phosphoric acid at difierent temp., and the formation of pyro- and meta-phoqihoric 

acids are shown in Pig. 46. The volatility of the 
I I mciHphosphnric acid prevented the cooqpletion of its 

o ^f'T curve, but sufficient remains to show that the reaction, 

ms! I ~ (H3P04 )jv 4H4P207 -|-Hb 0, is reversible, and the pro- 

^ jg^ 5— — j, portion of pyrophosphoric acid formed at any given 

^ ZET |i)i temp, is diminished by increasing the vap. press, of 

h ^ the water in the system. Similar remarks apply to 

g- the formation of metaphosphoric acid from the pyro- 

1$ y^°Z and: H4Pa07#H20-)-2HP0g. The dissociation of 

, the doubled molecule of the ortho-acid: (HsP04)2 

SP*I I I M M I I ^^2Il2P04, with rising temp, leads to the supposition 

^ AM ^ metaphosphoric acid might be produced directly 

^ f’msure mm. ortho-acid : UsPOi^^HPllj-l-HjO, but this 

reaction has not yet been demonstrated. According 
to M. Berthclot and G. Andrd, dunng the dehydration 
of oitkophospLoric ucid, tlioro is probably a state 
of equililirium between the three acids — ortho-, pyro-, and meta phosphoric acids 
—dependent upon the temp., so that if the temp, of dehydration is dilTerent, ilie 
])roduct obtained by dissolving the calcined mass in water will be diflerent, The 
action must he complex. For instance, when a mixture of meto- and orlLo- 
phosphonc acids is heated (on a wator-bath), the pyro-acid is formed : I1P()> 
4-H3r04-H4r207. 

J . J. Berzelius found that some arid is volatilized when phosphoric acid is heated 
in an open crucible, but not in a covered crucible, and H. Kose showed that in an 
open vessel all the pliosplinric acid can be vulal'ilized. J. B. Bunce said that some 
acid is volatilized with the steam, but G. C. Wittstein, and C. R. Fresenius showed 
that this is not the ense when phosphoric acid is evajioratcd in an open dish, although 
some of the evaporating liquor may be carried away mechanically if the ebullition 
is rapid. E. Lautemunn, IS. Leavitt and J. A. Leclerc, and G. Lccharticr have 
studied the loss of jihosphoiic oxide during the calcination of ash — ^about 2'U 
per cent, was lost at low redness, 2*08 at bright redness. According to R. Bunsen, 
phosphoric acid is 23 times more volatile than sodium carbonate. 

Ibe chemical properties ot orthoplioapfaoric add.— \V. Muller-Erzbacli 
has discus^cii the afhiiily of the metals for phosphoric acid. J. Thomsen found the 
avidity of a mol. of j^hnsphoric acid for one of sodium hydroxide to be a quarter 
of the value of that for hydrochloric arid. The affinity of phosphoric acid for the 
bases is greater than that of carbonic acid, boric acid, phosphorous acid, and 
hypophosphorous aciil. The catalytic action of phosphoric acid on the leactioii 
between bromic and hydriodic acids has been studied by W. Ostwald ; on the re- 
action between iodic and sulphurous acids, by R. Ilopke ; and A. Furgotti and 
L. Zaniohelli on hydrazine sulphate, N2H4.II2SO4. According to W. Ostwald, the 
velocity constant for the inversion of cane sugar by phosphoric acid is 6-21 when 
the value for hydrochloric acid is KX) ; and J. Bpohr showed that the presence of 
neutral salts at ib"" retards, or at 40® completely suppresses, the activity of phosphoric 
acid. 

C. R. Fresenius observed no signs of reduction when phosphoric acid is heated 
in a stream of hydrogen, or if in the presence of hywgen in gtatu nascerdi- 
W. Ipatieff found that phosphoric acid is reduced to phosphorus at 360°-^60"* 
According to W. Ipatieff and W. Nikolaieff, free phosphoric acid and its alkali 
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lalts ate tiot aSeoted by hydrogen under high press, and at an elevated temp., 
but ferrio phosphate gives a series of crystalline complex phosphates; 
Fe''^,iFe*Ml^04.zH20, depending on the conditions, and resembling the vivianites. 
Lead phosphate with hydrogen at 250 to 300 atm. and 360** to 400^ forms a 
colloidal, orange hemioxide, Pb20, and hypophosphorous acid, but with water- 
gas at 400 atm., some phosphine, and lead are formed. The behaviour of 
Boln. of phosphoric acid in water towards indicators has been discassed above 
— also Table VI. H. E. W. Phillips said that the 100 per cent, add 
does not react with litmus. M. Borthelot and 0. Andre found the partition 
cooiT. of phosphoric acid between water and ether is such that the concentration 
in ether =-2700 ; 1, with a 8-33 per cent. aq. soln. ; this ratio is 2900 : 1 with a 
30 per cent, soln., with a very cone. soln. of phosphoric acid ether is attacked, form- 
ing a compound with the evolution of heat, and ether may be added in any pro- 
portion causing a precipitation. If a small quantity of water is added, it mixes 
completely, but if the addition of water is continued, there at last comes a point 
when a small quantity of ether separates, highly charged with phosphoric acid. 
The addition of more water causes the separation of a larger vol. of ether containing 
a lower proportion of acid, and still more water separates a still larger vol. of ether 
containing still less acid, and this change continues as the addition of water is 
continued, until the partition coeil. already stated is reached. D. Balarefi observed 
that a soln. of orthophosphoric acid slowly forma pyrophosphoric acid on keeping. 
According to W. F. flillcbrand and G. E. F. Lundell, no volatilization losses of 
phosphorus occur during evaporation of sulphuric acid boln. of phosphates, 
provided the evaporation is carried on at 150** and stopped when fumes appear. 
Volatilization losses of phosphorus from sulphuric acid soln. of phosphates may 
occur during evaporation to complete expulsion of sulphniic acid, during evapora- 
tion at high tcinpcratuTcs, such as 200**-260**, and by luiduly prolonged evaporation 
above l.'X)''. M. Berthelot and G. Andre did not observe any signs of reduction 
when phosphoric acid is heated with acids at 100^ According to F. Flichtcr and 
W. Bladergroeii, soln. of phospliorie acid, after treatment with fluorine, immediately 
precipitate iodine from iodides. A slight additional precipitate occurs in one or 
two cases on keeping. The oxidizing power is attributed principally to permono- 
plios}ihoric acid, Hsl’Os. The soln., and abo permouophosphuric acid prepared 
by the action of hydrogen peroxide on phosphorus pentoxide, oxidized manganous 
sulphate to violet manganic phosphate, and not to permanganate as suggested 
by J. Schmidhn and P. Massini. The action of fluorine on di- or tn-alkali 
phosphates and on pyrophosphates, produced salts of both permonophosphorio 
acid and perphosplioric add, ll4F20g (precipitated in two stages) ; the former 
IS unstable, so that it was possible to obtain perphosphoric acid mixed with 
potaoMum fluoride from the soln. If hypochlorites are evaporated with 
cone, phosphoric acid, A. J. Balard said that hypochlorous acid and some 
chlorine are formed ; as well as a little chloride. P. Chretien prepared a complex 
with iodic arid, namely, pliosfhaitmdic acid, P2O5.ISI2OB.4II2O, in needle-like 
crystals by boiling syrupy phosphorie acid with an excess of iodie acid. The 
product is rapidly decomposed by moist air. Fine crystals of ammonium phosphato- 
iodate, 4(NH4)a0,P206-18l204*12llz0 ; lithium phosphatoiodute, 3Li20.P202. 
IIH2O; sodium phnsphatoiodate, ; and potassium 

phosphatoiodate, 4E2O.lBI2O5.5H2O, were obtained by adding iodic acid, in 
small portions at a time, to boiling syrupy phosphoric acid in which the alkali 
dihydrophosphate had been dissolved, and slowly cooling to liquid. 

P. N. Kaikow found that phosphoric acid dissolves snlphuric arid at ordinary 
temp., and when the soln. is heated to 350° some sulphur dioxide is evolved. The 
phosphates are all decomposed by treatment with sulphuric acid. U. H. Adie, 
and C. Friedheim prepared complex compounds of sulphuric and phosphoric acids 
-Hndc infrUj phosphoryl hydiosulphate. H. Piause prepared complexes with 
tdluric acid— €.y. (NH4)4PgTeOio. II. Reinsch found that syrupy phosphoric 
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aoid nbaoibs nitrlo oiUe» and iomu a erystalline mass when cooled to *-SiO” ; 
the product xnay be a compound. Acoordmg to E. Divers, phoephoiio acid does 
not act very vigorously on a sobi. of ammimmm nitrate in ammonia. 
B. D. Chattaway and H. P. Steveos found that phospWic acid decomposes nitrogen 
iodidei producing ammonia. According to A. Geuther, when phosphoric acid is 
treated with phosphoniB pentaohloride at ordinary temp., phospho^l chloride 
and hydrogen chloride are formed ; phosphonu trichloride furnishos meta- 
phosphoric and phosphorous acids ; and phosphoryl chloride is without action in 
the cold, but when hot, metaphoaphoric acid is formed if the phosphoryl chloride 
be in excess, and phosphorous acid if only a little be present. G. Meyer, and 
A. Vogel prepared a complex with borio oxide or boric add-Mnds boron phosphate, 
6 . 32, 27. 

VHien heated with caiboUi the phosphates of the heavy metals are generally 
changed into phosphides ; the phosphates of the alkali and alkaline earth metals 
are not decomposed except at temp, exceeding supra^ the preparation 

of phosphorus. M. Dubinin studi^ the adsorption of i)hos])hDric acid by carbon ; 
P. Oarr£, the action of phosphoric acid on alcohol ; J. Heimann, on cetyl alcohol ; 
A. Benrath, on sodium ethmide ; P. N. Baikow and F. Tischkoif, on esters ; 
M. Bertheiot and G. Andi6, and M. Babinowitsch and S. Jakubsohn, on ether ; 
P. Caii6, on dyobl; and H. Imbert and G. Belugou, P. Carre, G. Prunier, 
L. A. Adrian and J, A. Trillat, A. Contardi, F. B. Power and F. Tutin, on glycerol. 
If glacial phosphoric acid and glycerol be heated to 100°, the product neutralized 
with barium carbonate, and &e filtered soln. decomposed with the calculated 
amount of sulphuric acid, glycerophosphoric add, CH20H.CII0H.CU20.r0(0H)2, 
is formed. This acid forms normal and acid salts with the metals, and combines 
with organic bases like quinine. 0. Meyerhof and J. Suranyi measured the ioni- 
zation constants of glycerophosphoric, and hexosediphobphoric acid ; and 

F. Fleury and Z. Sutu, the hydrolysis of the a- and j3-glyccrophosphorie acids. 
W. Ostwald, J. Spohr, and J. B. Duggan investigated the action of phosphoric 
acid on sogais ; L. Fortes and G. Prunier, and P. Carre, on mannitol ; F. Carre, 
on erythritol ; P. N, Baikow and B. Tischkofi, on sulphanilic acid, and 
sulphosalicylic adds ; C. Friedel and J. M. Crafts, on aromatic sulpho-acids ; 
D. Vorlander and A. J. Ferold, on wool I W. W. Worms, A. A. Panormoff, and 

G. S. Johnson, on albumin; and W. Keidemeister, on agar-agar. If phosphoric 

acid or a phosphate be treated in the presence of carbonaceous matters, some 
phosphoric oxide may be lost. According to P. L. Duloug, and A. J. Balard, il 
phosphoric acid be heated in porcdain cmcildps, the glazing is strongly attacked, 
and the acid so contaminated with alkali, silica, and alumina ; if platinum crucibles 
are used, and organic matter or other reducing agents be present, the acid may be 
reduced and the phosphorus which is liberated wiU form an easily fusible phosphide 
with the metal. This may occur during the calcination of phosphatic precipitates 
— e.g. magnesium pyrophosphate — as shown by W. C, Heraeus, and W. P. Headdon. 
F. Mylius found that phosphoric acid attacks quartz vessels above 300°. F. Haute- 
feuille and J. Margottet found that silica dissolves fairly readily in phosphoric 
acid— about 5 per cent, at 2G()° —dde 6 . 40, 57 ; 0. Nielsen made a partial examina- 
tion of the ternary system, Ua0-Si02'-P205 ; and G. Baring prepared a series of 
complex salts of the type Ca2(P04)2(C!aO)2(K20)2Bi02, with the Bi02 replaced by 
Ti02] Z1O2, 0e02, Th02, Sn02, Pb02, ■iAl203, ^V20j, and Mo02. P. Haute- 

feuille and J. Margottet prepared complexes with titaoiai zirconiai and stannic 
oxide. E. Wedekmd and H. Wilke studied the adsorption of phosphoric acid by 
zirconia gels ; and H. von Euler and E. Erikson, by alumina gel. K. Hiittner 
has studied the action of phosphoric add on diflerent silicates. 

According to P. Th6na^, and L. N. Vauquelin, when heated with potassium or 
Bodiunit the phosphates furnish alkali phosphides W. Smith reported that 

cone or dil. phosphoric acid attacks alnmittinm with the evolution of hydrogen; 

H. Beyers and M. Darrin have studied the passivity of iron in phosphoric add ; 
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andFiChiksonandn. C.Hetlieringtontheooiroaicmof iron by the acid. T.Byiom 
found that taroeilicoi^ spiegrieueii. leziochrome. fanotUaiiiimi, tenofnangaiww, 
terovaMdionii titanium nitridef and chioinite are diBsolved by phosphoric 
acid of sp. gr. 1-7S ; and M. Wunder and B. Janneret found finely-divided eiliCOD 
is dissolved in a few hours by phosphoric acid, 8p« gr. 1 75, at 230° ; Bitomiilim is 
dissolved in a few minutes; tuigsteil takes a little longer; and caibomiidum is 
entirely decomposed in about three hours, while the carbon in these alloys remains 
undisBolved. M. Berthelot found that phosphoric acid reacts with potassium 
chromEte I 2H^gFO^-j-21C2Cr04~2KJd2p04'^K.2Cr207-fIl20^3'42 Gals, at 8°; 
P, Sabatier also found that chromates are almost completely decomposed by 
phosphoric acid; and C. Fricdheim prepared complexes of diromic add and 
pb osphorio acid. Complexes are also obWned with tumortic, molybdiCi and vanadic 
adds. P. Hautefeuille and J. Margottet found that at 100°, phosphoric acid dis- 
solves about 1.5 per cent, of ferric oxidef or 8 per cent, of alumina, and if the soln. 
be maintained at this temp, for some time, crystals of the phosphates separate ont. 
The insoluble phosphates are decomposed, wholly or in part, by fusion with sodium 
carbonate. H. E. W. Phillips said that the 100 per cent, acid does not react with 
sodium carbonate. W. C. Taber has investigated the solubility of caldum sulphate 
in phosphoric acid ; J, Stoklasa, the action of phosphoric acid on caldum phosphate; 
and M. Berthelot, and A. Bonrath, on alkdUne earth chlorides. F. de Lalande 
and M. Prud'hoinme noticed the evolution of chlorine when phosphoric acid is 
heated with sodium chloride, M. Weilandt studied the action on the alkaline 
earth carbonates, A, Quartaroli, C. Blarcy, A. Joly, and M. Berthelot, the action 
on the alkaline earth oxides and hydroxides, and magnesia, B. Bodforss 
studied ike electrometric titration of phosphabes with a soln. of a uianyl salt. 

J. T. Meckstroth 22 showed that the largcsst use for pbosphnric acid is in sugar 
[Icfecation. It is also used in the manufacture of jellies, preserves and soft drinks ; in 
pharmaceutical preparations ; and in the rust-proofing of iron. The chief phosphates 
in industry arc tlic calcium hydropkosphates used in making baking-powder, and 
self-rising flour ; sodium phosphates mei in making boiler compounds, in laundry 
work, etc. I'lie superphosphates are n&cd in fertilizers. Calcium orthophosphate 
is the form of bone ash extensively used in the manufacture of bone china. 

The physiological action 0! the phosphoric adds.— The alkali phosphates 
have the remarkable property of nearly preserving their neutrality in the presence of 
relatively large amounts of acid. For hT a little acid bo added to a soln. of sodium 
hydinphosphate, with its H'-ionconc. of 0’0i236(HCl unity), enough acid must be 
added to convert all the salt to the dihydrophosphato, with its H'-ion cone, of 
0-0|s2, before the faint acidity of the dihydrophosphate is apparent ; and conversely, 
enough alkali-lye must be added to a soln. of dihydiophosphatc before the faint 
alkaline reaction of the hydrophosphate is apparent. All mixtures of the two salts 
are more nearly neutral than either alone. L. J. Henderson, and others have 
discussed the bearing of these facts on the effect of acid on the protoplasm contain- 
ing the hydropkosphates. The acid forms dihydrophosphato, and through the 
ready diffusibiliiy of the dihydrophosphate, emphasized by B. L. Maly, the cells 
eliminate this phosphate which, entering the blood stream, passes out of the body 
through the kidneys. L. J. Henderson and co-workera added : 

It con hardly be doubted that the cell will ondeavour te restore the normal ratio between 
potoBsiuin di- and inono-phospliatos in view of the dosirability of rostoring tho full normal 
power to neutrolizo acids. Moroover, though a consideiabfe increase in the amount of 
phosphate at the expense of tho other salt must involve a very slight changes in hydrogen 
ionization at moat, even tliia slight change can hardly be without influence upon tho delicate 
catalytic roactions of protoplasm. Moroovor, too, slight ohanges of this sort probably 
iufluenoe the colloidal organization of protoplwm to a certain extent. Finally, it is clear 
that if acid is to be removed from protoplasm without preparatory chemical change it must 
leave in tlie form of potassium dihydrophosphate chiefly, for there can bo no doubt that in 
this form chiefly it exists in protoplasm. 

A. B. Poggiale ^ reported that dil. soln. of ortho-, pyro-, or meta-phosphoric aoid 
are not poisonous, while cono. soln. behave like other strong adds. N. Sieber 
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ionud that O'S per cent. hindeiB putrefaction, but fungi grov in the ptesenoe of a 
win. of one per cent, of the acid. A. G. Salamon and w. de Vote ICatheir found 
that large quantitieB of phoaphoiio acid hinder the growth of yeaat. M, Faquelin 
and L. Jolly ahowed that pyrophoaphatea augment the flow of urine and act aa 
diureticB. 0 . Schulz found that subcutaneoua injectiona of phosphoric acid acted 
as a poison on rabbits. The subject was also atudied by A. Desgrez and B. Guende, 
E. £. Hart and co-worketa, HI. Hayduck, M. Kochmann, F. Miquel, E. Moufang, 
and M. Rosenblatt and M. Rozonbiand. 

The otfhopliospbetes.— Orthophosphorio acid forma three salts, normal or 
tertiary, secondary, and primary phosphates, according as all, two, or one of its 
hydrogen atoms is rqilacod by an equivalent radicle.iiB The hydrogen atoms may 
be replaced by difierent radicles. Thus, the secondary acid Balt— ammonium 
sodium hydrogen phosphate, also called microcosmic salt— is illustrated by the 
Bubjoined graphic formula along with the formula) for the acid and the primary, 
secondary, and tertiary sodium salts : 


no 


H0-P=0 

HO 

btaophnsphorlo 

Add. 


rrimary. Spooiidory. 

NaO NaO^ 

H 0^=0 Na 0 )P =0 

IL(y HO^ 

Sodium dihydro- DiMMllum hydrogen 

gOD phcjbphAtc. pliUBpliaU*. 


Tertiary. 

NaO 

Na0)P=0 
NoO^ 
Kormiil Hodliim 
phosph.ite. 


Sf^onndary. 

NaO 

NJlgO>P=0 

Mlmiraanilc 

Bolt. 


The tertiary alkali salts are strongly alkaline, the secondary salts are feebly alkaline, 
and the primary salts feebly acid. The behaviour of the sodium salts towards 
indicators, shown in Table VI, is interesting. 


Table VI. — ^Dehaviour of Sodium PHnmrvTKs towards iNDirATOKS. 


Sodium orthophospliAie. 

Mi^thyl orangr. 

Pliunoliihthalun. 

LUrniu. 

J’lirrur'b Muo. 

NH|F0| ... 

alkalino 

olkaliiio 

alkoJino 

nf'utrol 

NaiHPO, . 

alUaUne 

noutriU 

Bikiiliiie 

uoiiiral 

NiiH,PO, . 

neutral 

R 1 1(1 

auiil 

Oi’lCi 


Orthophosphoric acid also forms three series of esters, o.g,, trietbyl phosphate, 
(C2H5){|P04, ot phosphoric ether, is a neutral liquid, insoluble in water ; it boils at 
215 ^ and has a sp. gr. 1 * 072 , at 12 "; the diethyl phosphate, (C2lf6)2HL’04, 
or ditihylphosphoric aed, acts as a monobasic acid; and monoethyl ph^hat^ 
(02115)1121^04, or ethylphoaphoric acid as a dibasic acid. 

The orthophosphates are obtained by the direct action of the acid on the basic 
ozide, hydroxide, or carbonate; and the less soluble phosphates are obtained by 
double decomposition. While the soluble phosphates form tertiary, secondary, 
and primary phosphates, the tertiary phosphates of most of the lieavy metals have 
been alone prepared. Consequently, tertiary phosphates are usually prepared by 
double decomposition— f., 7. lead orthophosphate, Fb3(PU4)2, is precipitated by 
mixing soln. of lead acetate and disodium hydrogen phosphate. Thallous phos- 
phate and the phosphates of the alkali family of metals, with the exception of 
lithium, are soluble in water ; the remaining phosphates are sparingly soluble, 
but are usually soluble in dil. nitric acid, and also in aq. soln. of the ammonium 
salts. The soluble tertiary and secondary phosphates usually have an alkaline 
reaction, and they can be distinguished by treating a soln. of the salt with calcium 
chloride, washing the precipitate with water, and warming it with aq. ammonia. 
A secondary phosphate is thus transformed into the tertiary salt. The phosphoric 
acid freed during the transformation of the Call(P04)2 will be found in the 
ammoniacal liquid ; whereas, if the tertiary salt has been precipitated, no appreci- 
able amount of phosphoric acid would be found in the ammoniacal liquid. The 
tartiary orthophosphates of the fixed bases arc not decomposed by heat ; but whoa 
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t monohydtogMi or Beoonduy phosphate ia heated, it forms a pyrophosphate and 
water ; and ^en a dihydrogen or primary phosphate is heated, it forms a meta- 
phosphate and water. The orthophosphates are described in connection with the 
udividual elementa. 
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§ 25. P)Fropbo8ph(irio Add 

In 1828 , T. Clark,! first pre[)arcd aodiuni pyrophosphate. He observed with 
Buipiise that with sodium phosphate specially purified by heat he obtained a white 
not a yellow precipitate with silver nitrate, and added, “ it was natural to conjeoture 
that sodium phosphate, in its ordmary state, contains some impurity to occasion 
the yellowness of the precipitate.” He subsequently found that when ho 
used sodium phosphate which had been dried at a led-hoat, the white pre- 
cipitate was occasioned by some alteration in the sodium phosphate which was 
produced by heat. The soln. of the salt which had been heated red hot gave 
a crop of crystals different in form from those obtained with ordinary soiUum 
phosphate. These crystals were examined by W. Haidinger. He was then able 
to show that by simply drying the common sodium phosphate, and heating it to 
redness, an entirely new salt is produced, and added : “ This new salt I shall call 
jjyroplmphnte uf hoda, a provisional name which it will probably be well bo lebain, 
till all doubts arc romnved respecting the constitution of this salt.” Free acid 
and its salts were made by J. L. Gay Lus<3bc in 1829 ; by F. Stiomeyer in 1830 ; 
and by A. Schwarzcnbprg in 1847 . As previously indicated in studying the action 
of licat on orthophosplioric acid, T. Graham, G. Tammaiin, G. Watson, and 
M. llurtlielotand G Auilre obtainedthepyro-acid by heating the ortho-acid between 
2'X)'^ aud 2(K)”. Two inols. of orthophosphonc acid lose one mol, of vrater, and the 
rcaciiuji has been graphically symbolisied : 

OH HO OH 

0 r-o.HHo-p^o ^ iijO+ o'^p-o-r"o 

110 '^OH HO^ \OH 


The fnruiution of pyrophosphoric acid as the first product of the dehydration of 
orthophosphoric acid, may also be due to tlio presence of double molecules, 
(H 3 r 04 ) 2 : 


HO 

HO 


OH 

OH 


/<0>^ 

HO^ OH 


- 

110 '^p<:>p<^ 
HO'' ^ 





Orthopho&plioiic acid can thus bo regarded as a hydrate, l^PjjOy.UaO, of pyro- 
phosphoric acid, aud jiyrophosplioric acid lu turn as a hydrate of the meta-acid, 
in harmony with the view that pyrophosphoric acid is intermediate between ortho- 
and mota-jihosphoric acids. 

M. Bcrthelot and G. Andre did not obtain pyrophosphoric acid by heating the 
ortho-acid with acids at 100 "^ ; nor did E. £. 11 . Prideaux ^ obtain it by the action 
of an excess of water at room temp, on phosphorus penioxide. A. Geuther, and 
A. Joly prepared pyrophosphoric acid by heating on a water-bath an aq. mixture 
of the two acids : H3P04+lIP0a=H4r207. F. Schwarz also made pyrophosphoric 
acid by heating triphosphoric acid with a small quantity of water ; 
2H5P80 io+H 20=3H4P207. According to A. Geuther, when an exccM of phosphoiio 
acid is treated with phosphoryl chloride, POCI3, the pyro-acid is formed. 
pO0ij-|-5flgPO4=3H4P2O7+3HCl; if the phosphoryl chloride be in excess, meta- 
acid, HPO3, is formed : P001s+2HsP04=3HP03+3nUl. Pyrophosphoric acid 
is also formed by the action of phosphorous chloride, PCls, on orthophosphoroua 
6cid, when some phosphorus is formed at thp same time. E. Giann said that 
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phospliateB are converted into pyrophosphates when heated to about 600^ in a 
cunent of air and sulphur dioxide; CBs(P04)2+802+0=3CaS04+Ca2P207. 
Sodium pyrophosphate is formed when sodium hydrophosphato is heated: 
2Na2HP04=iH20-)-Na4F207. When a soln. of normal sodium pyrophosphate 
is treated with lead nitrate or acetate, lead pyrophosphate, Pb2P207, is precipitated. 
C. D. Braun obtained an aq. soln. of the acid from this salt. The lead wt was 
suspended in ice-cold water; decomposed by a stream of hydrogen sulphide; and the 
dissolved gas expelled by a current of air, and by agitation for some time with an 
excess of lead pyrophosphate. The clear soln. of pyrophosphoric acid cannot be well 
concentrated by evaporation because it is transformed into the ortho-acid daring 
the operation. The liquid can be concentrated by fractional freezing. II. Giran 3 
obtained solid pyrophosphoric acid by the action of dry hydrogen chloride on silver 
pyrophosphate, Ag4p207, prepared in a similar manner to the corresponding lead 
salt. 

The physical properties ol pyrophosphoric add.— As usually prepared, it 
is a syrupy liquid. T. Graham prepared pyrophosphoric acid as a soft glass by the 
evaporation of the aq. soln. ; E. M. PeUgot, and E. ZettnofE thought that 
they had obtained the acid in opaque crystals resembling glucose during the blow 
hyclration of mctaphosphoric acid. 11. Giran found that syrupy p]^oph()sphnric 
acid yields white crystalline needles if it be kept about three mojtths at — lU but 
H. Giran believes that there is something wrong because the syrupy liquid is under- 
cooled at ordinary temp, and crystallization occurs only when the liquid is seeded 
with other crystals of the acid, or by the prolonged action of cold. Even then tbe 
liquid is so viscid that crystallization occurs very slowly. Arcoriliiig to II. Giran, 
these crystals have a melting point not lower than (51°, and a heat ol fusion, 
—2*12 Cals. H. Girau found two minima on the f.p. curve of mixtures of water 
and pyrophosphoric arid— one at 23° with the eutectic H4P2O7 +1*201120, and the 
other at —70° with H4P207+6*87H20. The latter is probably the cryohydric 
temp. The maximum at 26° corresponds with hydraM pyrophosphoric add, 
H4P2O7.IIH2O, which has been isolated in acicular crystals and which Ls less stable 
than that of the ortho-acid into which it readily passes. The dotteil curve, Fig. 40, 
represents the f.p. curve of the binary system, pyrophosphoric acid and water 
E. Comec measured the lowering of the freezilig point of pyrophosphoric acid 
by the progressive addition of potassium hydroxide, and the resulting curve showed 
singular points corresponding with the secondary, tertiary, and quaiernary salts. 
The index of refraction of pyrophosphoric acid is 1*3435, and the value is lowered 
to a minimum, 1*3404, when 50 per cent, of potassium hydroxide has been added. 
Analogous results were obtained with aq. ammonia in place of potash-lye. 

11. Giran’s values, for the heat of formation, are (2P, 70, 4H)=ir4P207iiq. +529*34 
and 533*40 Cals.; !^P207ioiidi 532*23 and 535*69; and n4P2074oin.i 5^*16 and 
543*62 Cals. ; H4p207BoiidH"l*5H20iin =H4Pn07BQ)i4+3’44 Cals.; and Il4P2^7^uiiii 
+l'5H20goiid=^l2G7Bolid+l'34 Cals. H. Giron also gives for the heat of 
solution, H4P207s(,iid+aq. 7*78 and 7*93 Cals. H4P207.1|U20g„i,d+aq.=4*49 Cals., 
and H4P207.14H20iiq,+aq.=7*063 Cals. H. Giran gives for the heat of transfor- 
mation into orthophosphoric acid with liquid water : H4P207Uq.+a+=2H3P04aq 
+14*47 Cals. ; H2P207jfq.+H20 ; 2H3P04iii].+9'09 Cals. ; H4P207joiJ(i"f"®*l' 
=2H2p04aq. +12*35 Cals. ; H4P207ioiid“l“^2®“2H3p04ioHd"i"6*97 Cals. ; 

H4P207aq.+H20=2H3P04aq.+4-25 C^. J. Thomseu gives for the heat ol 
nentializatian, H4P207iMi.+nNa0II^., for n=l, 14*4 Cals. ; for n=2, 28*6 Cals. ; 
for n— 4, 52*7 Cals. ; and for n=6, 54*5 Cals. H. Giran also found for the first mol 
of sodium hydroxide, 1.5*29 Cols. ; for the second, 15*65 Cals. ; for tbe third, 13*11 
Cals. ; and for the fourth, 7*64 Cals. 

For soln. containing Q mols of the acid II4P2O7 per litre, the mol. electrical 
conductivity! fi, found by G. A. Abbott and W. C. Bray, at 18°, is : 

0 . . . 0 05 0 025 0 0126 . 0 006 0*0025 0-00125 

II . . . 353-8 384*9 438*0 503-3 550*7 602 0 
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and for the primary, Becondaiy, tertiary, and q^oaternaty salts, th^ obtained : 
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. 1480 
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24B-7 
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lNa 4 ?, 0 , 

, 1G6'5 

lBS-2 

223-9 

250-0 
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The results for the pyio-acid are so much like those for hypophosphorio acid, that 
E. Comec argued a like ckimplexity for the moleoules of the two acids. G. A. Abbott 
and W. C. Bray calculated that with soln. containing o millimols of pyrophosphorio 
acid per litre, the degree ol ioDuation, and the ionizatioii ocmstaiit^ are ; 


c 

50 

26 

12-6 

5 

3-6 

1-26 

Prunary ionization 
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92 

94 

96 percent. 

H»P| 0 \-iDiLS 
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A, . . 
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0 0110 

0-0100 
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0-0084 0 0073 

A, . . 

0 253 

0-134 

0-066 

0-030 

0-029 

0 011 

showing that the 

const ants decrease 

with decreasing ionic 

cone. 

The ionization 


constant for ll4P207-H3Po0'7+H' i8£i=0-U; for Hap20'7=H2r20"7+ir is 
A'a -0-011; for is A3=0-0e‘29; nnd for nP20"'7 

--PaO"", |H* is Jf4--0B36. l.M.Kolthoff obtained A3=3-6xl(r» to 4-6 XlCr»; 
and A 4 — 7-GxlO~7, W. Hittorf found ihe transport number of normal sodium 
pyrophosphate in aq. soln. to be 0-6^5. 

The hydration ol pyrophosphoric odd.— T. Graham kept an aq. soln. of 
dil. pyrophosphoric acid for six months without change ; but, when heated, it was 
converted into the ortho-acid, The hydration oE dil. soln. of pyrophosphoric acid 
is therefore slow at ordinary temp., but it is rapid when boiled. M. Berthclot 
and G. Andre ^ found that a holii, of pyrophosphoric acid contained after standing ; 
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There was no sign of the formation of any metaphosphorio acid ; the more cone, 
the soln. the faetei the change, or the more dil. the soln. the greater the stability. 
P. Sabatier found that the presence of a strong acid— sulphuric or hydrochloric 
acid— accelerates the hydration, while a weak acid— e.y, acetic acid- -retards the 
conversion. 0. Montemariini and U. Egidi found the reaction is of the first order ; 
Il4p207-|-aq.=2H3P04uq , The speed of hydration is faster than with meta- 
phosphoric acid. The speed of hydration has also been measured by G, A. Abbott, 
who found that the ratre is nearly ten times faster at l(K)'’ than it is at 75°. L. Pessel 
found that the rate of hydration is accelerated by H'-ious ; and that mixtures 
with hydrochloric have a low electrical conductivity owing to the feeble ionization 
of a compound of the two acids. 

TbB ocmstitatioii ol pyrophosphoric add,— The analyses of T. Graham,^ 
and E. M. P41igot established the empirical composition of pyrophosphoric acid, 
B4P2O7. H. Giran found that the mol. wt. of a soln. of pyrophosphoric acid in 
glacial acetic acid decreases with time, and this the more the less the cone, of the soln. 
By extrapolation for zero time, he obtained the mol, wt. 031 corresponding with 
(Il4P207)3. According to A. Holt and J. E. Myers, also, the f.p. of aq. soln. of 
the viscid, syrupy liquid, obtained by dphydiating the ortho- acid, is depressed in 
agreement with the assumption that the molecules of the acid are complex— 
between (U4P207)4 and (H[4p207)5 ; wlifle the soln. derived from the decompositiun 
of the lead-salt contain the simple molecules H4F2O7. The f.p. of freshly prepared 
soln. in acetic acid correspond with the mol. wt. (IlttP207)3 ; and as time goes on, 
the mol. wt. diminishes to something between (114^207)2 &ud H4F2O7, which makes 
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it appear as if in acetic acid soln., pv^hosphoric acid gradually depolymeriM* 
Stiictiy speaking, orQiodiflmphmc tuM should be (HO)4F.O.P(OH)4, represented 
by lead orthodipliosphate so that the ordinary acid is derived from this by 
the loss of 2 mols of water, furnishing probably (U0)2F0.0.P0(0H)2, which, in 
harmony with the nomenclature employed for the silicic acids-- 6 . 40 , 22 — becomes 
deuterodiphosphoric md ; but this is commonly regarded as the ortho-acid. 
D, Balaref! said that the molecule is probably not associated. 

The heats of neutralization of pyrophosphoric acid with sodium hydroiide 
show that the acid is probably tetrabasic, for H. Girun found that the first two 
displaceable hydrogen atoms have strongly marked acidic functions, and the other 
two have feeble acidic functions. The graphic formula (H 0 ) 2 — rO.O.PO— (OHlg 
is in agreement with the tetrabasicity of the acid, and with the work of W. A. Tilden 
and R. E. Barnett. C. Favel also found pyrophosphoric acid behaved like a 
tetrabasic acid towards ''soluble blue” indicator. The confident assumption 
that the phosphorus la quinquevalent precludes H. Wichelhaua’ formula 
(H0)2P.0.0.0.P(0H)2 ; but, before the formula (HO)2PO.O.FO(OH)2 can be 
definitely accepted, it must he shown that the formula) 


\ 0 

HO-r< >P< 
HO ^ 
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OH 


HO 

no 


>P;;ioiv< 
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are inadequate. The work of G. A. Abbott and W. C. Bray on the Btpp<by-step 
ionization of the four hydrogen atoms of pyrophosphoric acid, indicated above, 
shows that the first two constants have nearly the same value, and are very diilcreut 
from the last pair of constants which are not very different from one another. This 
has been taken to mean that the four hydroxyl groups in the molecule of pyro- 
phosphoric acid arc related to one another in pairs, and thst the formula of the acid 
is symmetrical, (110)2P0.0.P0(0H)2 or (110)2 (ll())2Pv.0;^>P(011)2, and not 

asymmetrical, (H0)3L'<O2>FU.OIl. A. Geuther and A. Michaclis argued that 
since pyrophosphoiyl chloride, F2O3CI4, yields orihophn spheric acid, not pyro- 
phosphoric acid, when treated with water, the acid has probably the unsymmetrieal 
formula (H0)3P<02>P0(011). However, this argument loses its force when it 
is remembered that the heat of tlic reaction is so great that even if the jiyro-acid 
were formed, it would be converted into the ortho-acid, owing to the consequent 
rise of temp. 'When the conditions of the reaction are such that it takes place 
slowly and less vigorously— say, by the action of moist air on pyrophosphoryl 
chloride, or of water on a dil. solu. of the chloride in carbon disulphide — ^pyiophos- 
pboiic acid is formed along with a little of the ortho-acid. Consequently, the formula 
of pyrophosphoric acid most probably depends on what formula best represents the 
constitution of pyrophosphoryl chloride (^.v.). D. Balareff said that the charactrr 
of the ionization constants ; the conditions of dehydration ; the reaction witli 
phosphorus pentachlorido and sodium p)rrophusphate in a scaled tube over M )'* : 
Na4p207+3PCl5=NaP03+3NaCl+4P0Cl3 ; the decomposition of NaAgsP207 on 
fusion yielding Ag3P04 and NaPOs ; and the formation of pyrophosphoric acid and 
metaphosphonc acid by the action of thionyl chloride on orthopliosphoric acid, 
and the formation of pyrophosphoric acid alone when Bulphur}d chloride is used, all 
favour the unsymmetrieal formula. 

Pyrophosphoric acid behaves like a monobasic acid when titrated with sodium 
hydroxide if cochineal be the indicator ; and os a dibasic acid if Poirier’s blue be 
the indicator. The tetrabasicity of pyrophosphoric acid is confirmed by the 
establishment of the molecular formula (C2H5)4P207 for ethyl pyrophosphate, by 
J. Cavalier, by measuring ita effect on the b.p, of benzene. When ethyl pyro- 
phosphate is distilled, it breaks down into ethyl orthophosphate, (C2H5)8P04, and 
probably ethyl metaphosphate, C2H5PQ8, which immediately decomposes into 
ethylene, C2H4, and metaphusphoric acid: C2H5P0a--C2H4H-HP08— the triethyl 
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Ortlioi^oqpliate diatfls uoohaiiged. The aeTmmetrioal fonnnla for pyxophoq^KM 
acid explunB this naction very well : 




C.H.0 

c^Hfi ;p-o w>p-ocfl^ 


Bimilaily, A. Rosenheim and M. Piitze found that the raising of the b.p. of methyl 
or ethyl iodide by methyl pyrophosphate agrees with the mol. wt. of the methyl 
ester— -between 239 and 264 * 5 — and corresponds with the value 243 calculated for 
(0H3)4P207. Similarly for ethyl pyrophosphate. 

PSTTOphOspliatK-— The p^phoaphates are prepared by mixing aq. soln. 
of the acid and base ; by calcining a mol. of ortho- and raeta-phosphorio acids 
with two mols. of a uniacid base, or the oq. of a polyacid base ; and by heating, 
say, disodium hydrogen phosphate to 240 ^, or di-silver hydrogen phosphate to 
170 ^, etc. J. II. Gladstone ^ found that many insoluble pyrophosphates are 
precipitated on metals, some of the precipitates form soluble double salts when 
treated with an excess of the soln. of sodium pyrophosphate— iron, copper, 
merourouB, zinc, cobalt, nickel, manganese, uranium, and aluminium pyrophosphates 
— ^but not mercuric or chromic salts ; the addition of sulphuric acid to the soln. 
of the double salt may give a precipitate which re-dissolves in the dil. acid soh. ; 
and treatment of the soln. of the double pyrophosphate with ammonium sulphide 
precipitates the sulphides of zinc, cobalt, nickel, and iron, but not manganese, 
uranium, chromium, or aluminium. 

Curiously enough, totrabasic pyrophosphoric acid readily forms jualeTnary or 
normal pyrophosphates, say secondary pyrophosphates, 

say but not the primary and tertiary salts. There is even some doubt 

if the ternary salt, Nag!n\,07, and bhe primary salt, NaH3P207i ko-vo been pre- 
pared. T. Baker reported the former in 1894 ; and H. Giran, the latter in 1903 . 
Abortive attempts have been made to prepare a pair of isomeric potassium sodium 
pyrophosphates : 


KO 

NaO 


>PO.O.PO< 


OK 

ONa 


SymmotricoJ. 


2^>P0,O.VO< 


ONa 

ONa 


ABymmptiical. 


the first by calcining potassium sodium orthophosphate, and the second by 
calcining a mixture of dipotassium and disocbum orthophosphates : 


KO 

NaO 


>PO-OH HO-PO< 


OK 

ONa 


KO 

KO 


>PO-OH H.O-PO< 


ONa 

ONa 


Pyrophosphoric acid, said A, B. Foggitile, is not poisonous in dil. soln. and 
M. Paquelin and L. Jolly said that the ]))Tophosphatcs pass through the system 
unchanged but act as diuretics. The quaternary salts, M4P2^7« changed 

by heat unless they are salts of the metals whose oxides are readily decomposed 
by heating ; the secondary salts, M2H2P2O7, form metaphosphates and water ; all 
the p]rrophDsphateB are converted into orthophosphates when heated with alkali 
hydroxides or carbonates ; M4P207+M20-^2M3p04. H. Struve found that the 
pyrophosphates of the metals whose oxides are reduced when heated with bydlOgttl 
are decomposed when heated with this gas, forming the metal phosphide, ortho- 
phosphoric acid, and water ; pyrophosphates of the metals whose oxides are not 
reduced when heated with hydrogen form orthophosphates, phosphorous oxide, 
and sometimes also phosphine, and a httlo red phosphorus ; the pyrophosphates 
of the metals whose oxides are reduced by heat alone form orthophosphates, the 
metal, water, etc., when heated with hydrogen, H. Rose says that aq. imln. of 
the alkali pyrophosphates are not changed either by standing for a long time, or 
by boiling with wa&r ; J. H. Gladstone also said \;hat the quaternary pyrophos- 
phates are not changed by boUing with water or neutral salt sobi. ; but A. Reynoso 
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found that by heating them with water to 280^ they are changed into secondary 
orthophosphates if they give an insoluble orthopliosphate ; and into a primary 
orthophosphate— supra for the hydration of pyrophosphoric acid. The 
secondary salts react feebly acidic with both litmus and phenolphthalein, but 
neutral with methyl-orange. The normal or quaternary alkali pyrophosphates 
are soluble in wato, and the aq. soln. has a feeble alkaline reaction. T. Salzer 
said that the halogens react with an aq. soln. of sodium pyrophosphatej forming 
sodium bromide, hypobromite, and hydropyrophosphate, leaving much pyro- 
phosphate unattacked. When boiled with adds, say sulphuric add, R. Weber 
found that the pyrophosphates are transformed into the ortho-salts, but the 
pyrophosphates were found by E. F. Smith and J. G*. Gibbs not to be attacked by 
hydrogen chloride. According to H. Rose, the pyrophosphates are transformed 
into orthophosphates by fusion with alkali carboutea. H. Girard formed ortho- 
phosphoric acid and sodium thiosulphate with the evolution of hydrogen sulphide 
by boiling aq. soln. of sodium pyrophosphate with flowers of sulphur. T. Salzer 
stated that no orthophosphorio acid is formed, but the read ion occurs in the 
sense of the equation; ajNa4P207-fl28+3ll20=2Nn3kS5+Na2820^+fiNa3lIP207 
-{-(x— G)Na4P207, where x depends on the cone., temp., and press. G. Bucliuer 
found that ammoiiium SOlphUe precipitates zinc, cobalt, luekcl, and iron, but 
not manganese, uranium, or chromium from soln. of the double pyrophosphates. 
The action of the phosphorus chlorides is not to chlorinate pyrophosphoric acid 
to pyrophosphoryl chloride, P20aCl4— as might be expected; H4P207-fPCl6 
=Il8p04-fr203Cl4-l-HCl — ^but rather to dehydrate the pyro- to the meta-ncid, 
thus, when ppophosphoric acid is heated wiih phosphonis pentachloride, PDs, 
A. Geuther ^owed that it forms phosphoryl chloride; H4p207+Pn5=2UP()3 
+rOOl3+2HCl, or in the extreme case: H4P207+5PGl6->4HCl I-7POCI3— it may 
be that pyrophosphoryl chloride is first form^, and subsequerLtly breaks down to 
phosphoryl chloride by a eecondary reaction : 2P203Cl4-l-2P(’l5->t)POCl3 ; pyrophos- 
phoric acid also reacts slowly with phosphoryl chloride ; 2H4P2U7+l’()*^^l.i 
=5HP03-|-3HC1 ; and with phosphorus triddoride, PCI3, it forms metn- 
phosphoric and phosphorous acids: PCl3+3H4P207=6lir03+H3p()3+3HC!l; 
siniilar remarks apply to the action of fhionyl chloride, H4F2O7+8()0l2->2JLlPOj 
-I-SO2+2HCI. F. de Clermont prepared teteaethyl pyrophosptote, (CqII 3 ) 4 P 207 , 
by the action of ethyl iodide, C2H5I, on silver pyropliosphato, Ag4p207, at 100'. 
The liquid has a sp. gr. M7 at IT" \ it is soluble in water and alcohol ; it decom- 
poses when heated ; and it forms with potash-lye, diethyl potassium orthophos- 
phate, K(C2H5)2F04. W. W. Worms, and A. A. PanoriuofE studiPil the soluble 
compounds pyrophosphoric acid forms with albumen. The aq. snhi of the pyro- 
phosphates give a white precipitate with soln. of silver nitrate, and wit-h barium or 
calcium chloride. According to J. L. LoSbaigne, thc.se reactions are so sensitive 
that a strong turbidity is produced with soln. containing one part of the acid id 
10,000 parts of water ; a faint turbidity with 1 : 2(^f)fX) ; and very faint willi 
1 ; 40,0(b— that with the calcium salt appears only in about half an hour ; with 
1 : 80,000, the calcium salt gives no turbidity, the other salts give a faint cloudiness ; 
and with 1 ; 160,000, a faint opalescence. W. Gibbs observed that pyrophosphoric 
acid forms complexes with tungstic add. 
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§ 26. Metaphosphorie Acid 

J. J. Berzelius k showed that when oidinaiy phosphoric arid is calcined, the 
product is fundamentally difieient from orthophosphoric arid in that it has 
acquired the power of coagulating a soln. of albumen. The Rame product is 
obtained by the action of a small proportion of water on phosphorus pentoxide ; 
and II. Giran said that the main product of the hist action is metaphosphorio 
acid, £. B. li. Frideaux noted that 75 per cent, of metaphosphorie acid is formed 
during the dissolution of phosphoric pcnloxi Jo in an excess of water at room temp, 
—the remainder is orthophosphoric acid. T. Graham further showed that by 
gradually heating sodium dihydrogpn or diammonium phospliate, iliree difiereut 
salts can be obtained, and he investigated the properties of the product which 
appears as a vitreous or glassy mass and which, for a time, was named GtahtmCs 
Ball ; it has the empirical composition NaPOs, sodium monometaphosphate : 
Na(NH4)2P04=H20+2NUa+NaP08. T. Graham says that the syrupy acid is 
preferably heated in a gold crucible since other metals, including platinum, are 
attacked. The aq. soln. of the cold mass when treated with lead nitrate furnishes 
a precipitate of the lead salt, Pb(P 03 ) 2 ; when the washed precipitate, suspended 
in water, is treated with hydrogen sulphide, lead sulphide is precipiiated. The 
excess of hydrogen sulphide is dnven from the aq. soln. by a current of air, and a 
soln. of metaphosphorie acid icmams. W. Grogo^, E. Maddrell, A. Joly, etc., 
prepared the acid by calcining orthophosphoric acid to 316°, and they ccnsidcied 
pyrophosphorio acid to be an intermediate product of the transformation. A. Joly 
VOL. vin. 3 “ 
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also prepared the meta-acid by the action of heat on pyiophosphorio acid; 
0. Watson says the conversion occurs between 290*’ and 300^ ; and 0. Tammaunj 
that the transformation occurs when the ortho-acid is heated beyond the point 
where it begins to fume. A. Besson obtained metaphosphorio acid by heating 
ammonium hydrophosphate, (Nn4)2HP04. Metaphosphorio acid was prepared by 
A. Besson, by the action of hydriodic acid on phosphoryl chloride ; 0. Gustavson, 
by heating iodine or bromine with orthophosphorous acid, H^PC^, in a sealed 
tube at 100^ : 2H3P03-h2Br2=4HBr-|-21ir03 ; if a smaller proportion of bromine 
be used, the ortho-acid is formed: 4H2F(^+3Br2=3HBr-|-PBrs-|-3H3P04. 
0. Ordinaire, however, obtained monobromophosphorous acid by heating two 
gram-molecules of bromine with one of phosphorous acid. A. Oeuther obtained 
metaphosphoric acid by the action of an excess of phosphoryl chloride on ortho- 
phosphoric acid : 3H2p04-f PCl3=3HP02+H2P0^+3HCl ; phosphorous chloride 
gave a similar result : 2n3P04+P00l3~3HP(^+3HCl. C. F. Gerhardt found 
the meta-acid to be produced by heating moist phosphamide or phospham in the 
absence of air: HPN2+3n20=2NH3-|-HP(^. H. Scliifi also found it to be 
produced when phosphoryl chloride acts upon salicylic or other polybasic acids. 

Some physi^ proposes ol metaphosphoric add.— Metaphosphoric acid is a 
transparent, vitreous solid sometimes called jladai phosfhorio acid. E. Brescius ^ 
said that the glacial acid is soft and flexible, and the presence of sodium phosphate 
makes it hard. The commercial acid is sold in sticks, and, according to A. Bettcn- 
dorfi, it often contains some sodium salts and some ortho- and pyro-acids as 
impurities. The dry acid deliquesces rapidly in air, and it readily dissolves in 
^ water with the development of much heat. The acid solidifies to a vitreous mass 
Vithout crystallization from solutions with less than 63 per cent, of water. 
A Harting says that one part of the acid in 10,000 parts of water reddens blue 
Uwus. According to H. Rose, metaphosphoric acid volatilizes at a bright red- 
hea\ and is not dehydrated further than (HPQsln by heat or by dehydrating agents, 
althr^gh W. A. Tilden and R. E. Barnett find that at a high temperature there 
are signs of the loss of a little water because the product contained rather more 
phosphoric onliydrirle than cone^punds with the formula HPOs. H. Giran did nob 
succeed in obtaining a f.p. curve of mixtures of the meta-acid and water beaiiise 
of the formation of vitreous glasses. F. M. Raoult, and K, Corner measured the 
lowering ol the freezing point of aq. solo, of metaphosphoric acid and obtoineil 
results in agreement w'lth a polymerized molecule. According to H. Giriin, the 
heat of formation is (II,P,30)-llP03Rr,iia+between224’88 and 226*61 Cals, and 
(H,P,30)=ilP().]iq 4 236*37 Cals. II. Giran gives for the heat of solution of the 
solid acid 9-76 Cals., while A. Joly gives 4-63 Cals. The heat ol neutralization of 
a mol. of potassium hydroxide, by water sat. with metaphosphoric acid, is 325*4 
units ; similarly, for sodium hydroxide, 474*4 units. J. Thomsen obtained : 
2HP03aq H-NaOlIaq —14*4 Cals.; and 2HP03aq.4'2Na0Haq —28*75 Cals. 
II. Giian found NaOHaq H-UPGanq =14*84 Cals., and NaOHsona+HPOtM],,! 
- 63-03 Cals. ; he also gives 10*22 Cals, for the heat ol transbHnnatiQn of HPOj 
with H3r04. J. IT. Gladstone gives 18*68 for the refraction eQUivalent, and, for 
the index ol refraction of a soln. in 8-23 eq. of water (sp. gr. 1-270) at 
20-5®, 1*3718 for the i4-Iinc, 1*3764 for the D-line, and 1*3879 for the H-line. 
F. Zccchini has studied the molecular refraction of the metaphosphates; and 
A. Euudt, the double refraction— C. Zakrewsky and 0. Kraft found that the 
optical behaviour of the acid is like that of an oil. W. W. Coblentz found meta- 
phosphoric acid to be too opaque to give other than an imperfect ultra-red 
transmission spectrum. 

G. Janecek^ observed that spontaneoof'ly inflammable phosphine is evolved 
during the electrolysis of solutions of the metaphospbates. S. Arrhenius, in his 
thesis Recherch^s sur le conduclibiliie gdvanique des ekctroh/tes (Stockholm, 1B84)| 
gave measurements of the electrical resistance, and the electrit^ oonductiyity 
the acid. E. B. R. Prideaux found the meta-acid has a greater conductivity than 
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the oitlio-acid ; while A. Holt and J. E. M7era found the meta-acid to be elightly 
ionized in aq. soln. Starting with an acid containing about 75 per cent, of meta- 
phoflphoric acid and 25 per cent, of orthophoaphorio acid, E. B. B. Frideauz 
found that the elentiical conductivil^ for the fiiet 20 hia. sufiers but little change ; 
it then ileureases in accord with an exponential law for about 160 hrs., and there- 
after decreases at a rather slower rate as illustrated by Fig. 48. The alteration is 
attended by a change from polymerized (HPC^i). to simple HPO^ mols, the former 
being a bad conductor; the polymerization of the (HF03)„-acid attended by a 
hydration of the HP03-acid to n8P04, the former change being probably the 
quicker. Fig. 47 shows the sp. conductivity of the acid for different cone, at 18° 
and at 25° of the mixed acids. The actual conductivity of the simple metaphos- 
phoric acid alone is unknown, since the aq. soln. always contains the polymerized 
acid and orthophosphoric acid as well. When the hydration is complete, the 
conductivities of the soln. correspond with those required for orthophosphoric acid. 
Starting from the right, the curves. Fig. 48, show that the conductivity increases 



Ttine in hours 

FiO. 47.--nie Cliange of tho Elot-hiual 
Conductivity nf Motapliu'^plionc Acid 
Solutions wilh Tune. 



mols,MP0jfierliire 

Fio. 48.- — Tho Klsctrioal Couduc- 
tivity of Solutions of Matn- 
pliospliorio Acid. 


only slightly with the change in the cone, of the soln. This is presumably due to 
the presence of the polymerized, non-conducting molecules, Jt is then inferred 
that the lower part oF the curves repre^^ents the relation between conductivities 
and cone, of simple molecules LIPO3 H I'be curve is continued on this 

assumption, the point wliere it strikes the orilinatG from 240 millimols per litre 
represents tho theoretical conductivity of lil^Og. The conductivity so found is 
544 at 18° and 51)0 at the percentage increase for 1° being 1'2, as in sohi. of 
partly changed Ill'03. If this repre-sents tho conductivity of non-polymerized 
IIPU3, it is interesting to notice that it is of the same order as that of iodic acid 
at 2.)0 millimols per litre, namely, 573. W. Hittorf found the transport number 
of the anion of normal sodium metaphosphate to be 0*573 ; and A. Wiesler, 0*590. 

The hydration ol metaphosphoric acid.— The aq. soln. of metaphnsxjhorio 
acid was found by T. Graham^ to pass slowly into tbe ortho-acid, but not into the 
pyro-acid ; the change is accelerated by boiling the soln., or by treating it with 
acids. According to A. Vogel, the change of meta- 10 the ortho-acid, in aq. soln., 
is not accompanied by any change m vol. ; and C. Montemartini and XJ. Egidi 
found the reaction is unimolecular : HPP5+H20=IIsP04. Tho velocity of 
transformation is faster the greater the concentration of the metaphosphoric acid 
in soln. J. C. and F. C. Blake did not find the reaction to be proportional to the 
amount of unchanged substance left in the soln., and H. Qiran found the speed of 
hydration of metaphosphoric acid to be faster than that of the pyro-acid, and 
that the reaction is too complex to be zepiesentod by a simple equation. This 
latter result was also obtained by A. Holt and J. E. Myers. The speed of the 
reaction is very sensitive to variations of temp. Thus, P. Sabatier found that a 
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llV-soIn. required 150 daya for complete conyernon to the ortho-acid at 0*, it 
required but 5 days at 31^ and less than an hour at F. Sabatier also found 
that the presenoe of a strong mineral acid, like sulphuric or hydrochloric acid, 
accelerates the change, while a weak organic acid, like acetic acid, retards the 
conversion ; he further proved that the transformation is arrested if the meta- 
phospboric acid be completely neutralized by a strong base like sodium hydroxide, 
for, at 0° no change was observed, and only a slight formation of the ortho-salt at 
43*5°. With the protracted boiling of the soln. the meta-salt was completely 
transformed into the ortho-salt ; if the meta-acid be incompletely neutralized the 
transformation is slower than with the free acid, and faster than with the com- 
pletely neutralized acid ; while if some alkali be in excess, the transformation is 
rather slower than with the completely neutralized acid. 

There have been some difiercnces of opinion as to whether the meta-acid is 
hydrated directly into the ortho-acid, or whether it passes via the pyro-acid as an 
intermediate stage. T. Graham, J. M. Maisch. P. Sabatier, C. Montemartini and 
U. Egidi, and D. Balarefi supposed the change to be direct; while M. Berth elot 
and G. Andr^, S. Tanatar, and H. Giran considered tlic pyro-acid to be formed as 
an intermediate product. It is known that the dehydration of the ortho-acid 
produces first the pyro-acid and then the meta-acid ; and it might bo expected 
that the rehydration of the meta-acid would take place in the reverse manner, 
The trouble has arisen from the difficulties in detecting the pyro-acid in the 
presence of the meta- and ortho-acids ; and, on account of the polymerization of 
the different acids in aq. soln., physical methods of testing the hypothesis give 
ambiguous results. A. Holt and J. £. Myers were able to demonstrate the inter- 
mediate formation of the pyro-acid in the hydration of the meta- and the ortlio- 
acid by the fractional precipitation of the soln. by adding silver nitrate in small 
portions at a time, and filtering off the rcsultmg precipitates one by one. At first 
yellow silver ortlio-phosphato separates, and afterwards a colourless precipitate is 
obtained— the absence of colour shows that the precipitate is either silver pyro- 
or meta-phosphate. Wheu the preciiiitate is washed and treated with hydro- 
chloric acid to precipitate the silver, a soln. is obtuiiicd which does not coagulate 
albumen, showing the absence of metaphosphoric acid. Tho accumulation of 
the p]TO-acid in the soln. shows that the passage from the meta- to the pyro-acid 
is faster than the change from the pyro- to the ortho-acid. Again, the transforma- 
tion of meta- to ortho-phosphoric acid is faster the more cone, the soln., and the 
higher the temp. — e.g, the transformation of a ^A^-soln. at 0° occupies about IfK) 
days ; at 31°, about 5 days ; and at 90°, less than half an hour. The presence of 
strong mineral acids — ^sulphuric or hydrrichloric acid — accelerates the change; 
while the weak acids — acetic acid- -retards the speed of conversion ; the presence 
of alkalies also retards the change. L. Pesscl found that Il'-ions arcclerate the rate 
of hydration ; that the velocity constant increased with time owing to the poly- 
merization of the metaphosphoric acid ; that pyrophosphoric acid is not formed as 
an intermediate compound in the process ; and, as pointed out by F. Sabatier, 
the conversion of sodium metaphosphate to orthophosphate is accelerated by an 
excess of alkali. 

Four varieties of metaphosphoric acid have been reported, (i) The meta-acid, 
prepared by heating commercially pure glacial phosphoric acid for a short time 
to redness, furnishes a glassy solid which is deliquescent in moist air, and quickly 
dissolves in water to form a soln. whose f.p. conesponds with the presence of 
molecules, (HF03)3 > Crraham's soluble salt, sodium metaphosphato, in aq. soln. 
also has a mol. wt. corresponding with (NaF03)3. (ii) If tho preceding variety of 
the meta-acid be heated for several hours to r^ness, it forms a brittle glass with 
a sp. gr. 2*468, This is less deliquescent in moist air than the former modification, 
and, when placed in water, it appears to decrepitate, minute particles being shot 
into the liquid so as to form a turbid soln. (iii) When this crackling variety is 
heated for about 24 his. at a dull red-heat, it forms a brittle glass with a sp. gr. 
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2*21 6 ] this foim of the acid does not deliijuescci unless pethaps veTy BlDwly^ 
it dissolves very dowly in watei. The dissolution in water b not attended by any 
crackling phenomenon as is the case with the preceding variety. F.p. determina- 
tions indicate that the soln. contains molecules of (MPQ3)2. (iv) According to 
A. Holt and J. E. Myers, aq^. soln. of the acid prepare-l by decomposing lead meta- 
phosphate have a f.p. in agreement with a soln. of mol. wt. HPO3. E. Comec 
has shown that the mol. wt. of metaphosphorio acid in water, and others, in acetic 
acid soln., varies with time presumably because the acid becomes complex. 

Analyses of metaphosphoric acid, by E. M. Peligot, R. Weber, P. L. Dubng, 
If. Bose, and W. A. Tildon and B. E. Barnett, agree with the empirical formula 
IIFO3. That by C. L. BerthoUet is more like pyrephosphorio acid. W. A. Tilden 
and fi. E. Barnett showed that the mol. wt. of metaphosphoric acid when in a 
state of vapour at a bright led-hcat is 76-B, and 7B-2 when the theoretical value 
for (11PC^)2 b BO— hence the vapour b a bimolecular complex, (HPOgjo, which 
shows signs of dissociatiou at rievated temp., and parts with a little water. 
Hence, the meta-acid may be related to the pyro-acid as HO— P0=02=^P0— OH 
and (H0)2=P0— 0— P0=(0H)2- The ordinary method of representing the 
dehydration of the ortho-acid is ; 

HO 

0 ^ n,o i-no-p .J: 

Hrp ^ 

which (avouTB the idea tliat metaphosphoric acid bears the same relation to phos- 
]jhoius that nitric acid bears to nitroi^en. H. Giran found the mol. wt. in glacbl 
acotic arid soln. decreases with time, and approximates to a limiting value 400 
for zero time— this agrees with the formula (HPOsls— and the limiting value is 
smaller tho more dil. the soln. E. B. K. Frideaux also found the soln, to contain 
Simple and polymerized molecules. According to A. Hantzsch, metaphosphoric 
acid in cono. sulphuric acid soln. behaves as if it were split into two ions. 

The chemical properties of metaphosphoric add.— A. B. Poggiale b said that 
tho dil. aq. soln. of the acid is not poisonous, and that the cono. soln, acts like other 
strong acids. 0. Krhulz found tliat subcutaneous injections in rabbits had a toxic 
action. J. J. Berzelius found that metaphosphoric acid deliquesces rapidly wheu 
exposed to air ; and dissolves in water with tho development of much heat. 
When water is poured over the glacial acid, the mass splits with violence into 
small pieces, some of which are projected upwards. Dissolution occurs only 
slowly. The action of water has been already discussed. Owing to the probable 
fact that solid metaphosphoric acid is polymerized and that when dissolved in water 
depolymcrization and hydration simultaneously occur, the reported properties — 
physical and chemical — of thb acid ore affected accordingly. F. Karting said 
that one part of the acid in 10, (XK) parts of water will redden blue litmus. 
11. Giron attempted to determine the solubility curve of metaphosphorio acid in 
water as he did for tho ortho- and pyro-acids, but he found that the soln. of the 
meta-acid froze to vitreous glasses, and did not crystallize. D. Balaicfi observed 
that an aq. soln. of metaphosphoric acid slowly forms orthophosphoric acid on 
keeping. According to T. Fleitmann, and G. von E^norre, the inonomctaphos- 
phtOes are usually very sparingly soluble in water, so that, as T. Graham noted, 
potassium hydroxide precipitates from the aq. soln. Not onu of the three acids — 
ortho-, pyio-, or meta — ^is changed by hydrogen, although W. A. Boss found that 
when metaphosphoric acid is heated with zinc, phosphine b formed ; when heated 
with aluminium, L. found that an aluminate, aluminium phosphide, and 
phosphorus are formed ; when the acid is heated with caibon, W. Neumann 
noted that phosphorus is set free ; when heated with silica, F. Hautefeuille and 
J. Maigottet, and E. Hiittner obtained the complex F203.Si02. W. Gibbs also 
obtained complexes with molybdio acid and with tungstic aCid. A. Geuther 
found that when warmed with phosphorus poutachlorida, metaphosphoric acid 
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reacts HPQ 8 + 2 PCl 5 =: 3 FOCIs+HCl ; while vhoqphoryl chloride and phoqduirai 
trichloride have no action. C. F. BchSnbein found whan melted with iodideSi the 
reaction is violent, iodine and hydrogen iodide being given ofi. J, Heimann found 
that metaphosphoric acid does not dissolve in hydrocarbons ; it dissolves in 
all proportions in acetic anhydride, in benaaldehj^ benzophenone, and other 
organic anhydrides, aldehydes, and ketones. He also found that zine, lead, ti^ 
iron, copper, and silver are dissolved by soln. of metaphosphoric acid, while 
plattoim is not attacked. The electrochemical series is in the order named. 
W. ScLlomann found that a freshly prepared cone. soln. gives a precipitate with 
an alcoholic or ethereal soln. of the primary mono* or di-amines, but not with 
the secondary or tertiary ammes. R. Lorenz found that metaphosphoric acid 
forms a compound with dnlen. 

Aq. soln. of the pyrophosphates give a white crystalline precipitate with silver 
nitrate — orthophosphates give a yellow precipitate, and metaphosphates give a 
white gelatinous precipitate — all three precipitates are soluble in ammonia, and 
in nitric acid, so that the precipitate is formed only in neutral soln. The pyro- 
phosphates give a white earthy precipitate with barium or calciam eddoride or 
nitr^ provided the soln. is not acidic — similar results are obtained with the 
ortho- and the meta-phosphates. All three precipitates are soluble in acids— 
even acetic acid— and hence differ from ferric and aluminium pho&pliates. 
Ammonia re-precipitates the phosphate from the soln. in acids. These salts have 
been also studied by C. Hindenlang, 6 . Deniges, and F. Warschauer, According 
to F. Halting, precipitates can be obtained with calcium or lead salts from soln. 
of one part of pyrophosphoric acid in 10,000 parts of water, or in 20,000 parts of 
water if the mixture is allowed to stand for half an hour. Magnesium chloride 
gives a white precipitate with pyrophosphates —the precipitate Ls soluble in an 
excess of the pyrox>ho 8 phate or magnesium salt; moderately dil. soln. of the 
metaphosphatcB give no such precipitate, and orthophosphates give a precipitate 
in the presence of ammonium chloride and ammonia. A soln. of albumen and 
acetic acid gives no precipitate with pyrophosphates — alkalies should be absent 
since alkali acetates give precipitates even in the absence of albumen. The alkali 
metaphosphates do not coagulate albumen, but free metaphosphoric does do so. 
Ammonium molybdate gives no precipitate in the cold with nitric acid soln. of 
meta- and pyro-phosphates, but the ortho-phosphates give a yellow crystalline 
precipitate of ammonium phosphomolybdatc : H3FC)4-|-12(NH4)2Mo04+2lHN03 
— (NH4)3P04.12Mo03+21NH4N03+12n20 ; the yellow precipitate is readily 
soluble in ammonia, alkali-lees, and in an excess of a soln. of alkali phosphate ; 
and compounds are formed containing loss molybdenum than is represented by 
this equation. Hence, in the gravimetric determination of phosphates by this 
reaction, it is necessary to employ a large excess of the ammonium molybdate 
soln. to prevent the formation of a precipitate low in molybdenum. If the meta- 
or pyro-phosphates are boiled with the ammonium molybdate, the yellow pre- 
cipitate is formed because the meta- and pyro-phosphates are changed into the 
ortho-salt. According to C. D. Braun, > hiteocobalt chloride, or oobaltic sodium 
bezaminmcniyroilhogphate, when added drop by drop to a soln. of an alkali pyro- 
phosphate (neutralized with an alkali), forms a radish-yellow crystalline pre- 
cipitate resembling lead iodide, and which, according to S. M. Jorgensen, has the 
composition, [Co(NH8)e]NaF207.11jH20. If metaphosphates be present, some 
may be carried down mechanic^y with the precipitated pyrophosphate, otherwise 
the reaction could be applied quantitatively. Alkali salts of the ortho- and meta- 
phosphates do not give precipitates with the luteocobalt chloride unless the mi^ure 
has stood for some hours, and even then the precipitates are readily distinguished 
from that with a pyrophosphate. The more important distinguishing tests for the 
three acids or aci^c soln. of the salts of the acids are summarized in Table YIL 
The reactions with silver nitrate, barium chloride or nitrate, and albumen are the 
more important. 
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T.*au Vu.— flom Buonoxs ot nu Pkoofeobio Acids. 


— 

Orthophosphorle srld. 

Pyrophosphorle icld. 

Hetaphosphorlo told. 

Silver nitrate . . 

Yellow pp. 

White erj^»t. pp. 

White gel. 

Barium chloride p , 

■No pp. In alka- 
line Boln. white pp. 

Nopp. Inalknlino 
solo, white pp. 

Wliite pp. 

Albumen , • , 

Nil. 

Nil. 

White pp. 

Zinc acetate . 

Nil. 

White pp. 

Nil. 

Ajnmomum molybdate in 
nitne aoid 

Citron-yellow pp. 

Nil. 

Nil. 

Luteocobalt chloride 

No immodiate pp. 

Roddish-y elinw pp. 
Pp. insolubb in 

No immediato pp. 
Pp. insoluble in 

Aluminium salts 

Pp. soluble in 

Chromium salts • 

areiic acid. 

aoetiD acid. 

acetic acid. 

Ibid. 

Ibid. 

Ibid. 

Cobalt salts . , 

Blue ; soluble in 

Red ; InRoliihle in 

Red; insoluble in 


acetio acid. 

acetic acid. 

acetic arid. 

Bunnuth sails in alkaline 
sola. 

Nil. 

Nih 

White pp. 
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S S 7 . The Polymetaphosphoric Acido and their Salts 


Metapho.sj)horic acid forms a number of salts which have the same percentage 
composition — one equivalent of monobasic acid to one of mono-acid base — but, 
when prepared in different ways their properties are so different that it does not 
appear likely that they can be referred to the same parent acid. The nature of 
these differences is not very clear ; and E. Comoc ^ said that cea sets constituent 
un dcs f^apitres oheurs de la chime ininerah. T. Fleitinann regarded the differences 
as the Tcsidt of different polymorixed forms of the nionobiisic acid, und he postulated 
a series of metaphosphoric acids formed by the union of 1 , 2 , 3 , . . . mols. of water 
with 1 , 2 , 3 , . . . mols. of phosphoric anhydride — e.g. monomctaphosphoric acid : 
H20H-P205"^H2P20^, or (HPrin)2'i 2Ho0-|“2P205"='Il4p40i2, or cic. 

The polymetaphosphoric acids can be regarded as fanning a series of homologues 
with the general formula : 7all8p04— mifoO, or (UPUg),,, where m ranges from 
1 to D, or even to 8 , 10 , and 11 . 


HPO|, Alonometaphosphorio acid. 
(HFO,),, Dimetaphospboiic acid. 
(HPOs)i, Trimetapliosphonc acid. 
(IJrOa)i, TetraiDBtaphoBphnric acid. 
(lirOjii, I’entametaphosphoric acid. 
(HFOg)|, lioxunJctaphciKphoric acid. 


NaPOs, Sodium metaphosphate, 

K,F|0|, Fotassiiiin dimetaphoRpliato. 
Nb,F,Oq, Sodiara trimetaphosphaie. 

Fb,F«0||, Lead telramctaphoaphate. 

Anummium pBntan]etn]>hoBphate, 
Kb|F| 0](^, Ib'odium hexametapliospljutp. 


The graphic formula for the parent acids may be represented in at least two ways ; 


HO-P-^ HO-PO<q>PO- 01 I 

Honometa- Dlmetapbosphorlc 

phDBphoilc Olid. acid. 


^ 1 ^ DH 0 — POv ri 

^ „^>FO-0-PO< 


HO^ 


HO' 


Oil 


TrimsUkphoBiihorlc 

anil. 


TetramotflphOBphotir 

acid. 


Again, by adding tcrvaleut groups — O.PO= to the phosphorus atom of meta- 
phosphoric acid, graphic formulse for the more complex metaphosphoric acids cau 
be obtained ; 


Ho-p<(^ rOrOPo<™ 

Monometo- Dlmctaphosptiorio TtiinetaplioBphDrlL 

phNphDilc arid. acid acid. 


TetrometajihosFlinric 


There is no definite evidence in favour of these or indeed of other possible explana- 
tions of the constitution of these acids. Indeed, the evidence os to their chemical 
individuality is not above suspicion. Only the salts, not the acids, arc known. 

Monometaphospbates.— By heating mlcrocosmic salt, (NH4)NaHP04, on a 
gradually rising temp., T. Fleitmaxm and W. Henneberg, obtained results similar 
to those previously obtained by T. Graham, first disodium dihydrogen pyro- 
phosphate, and then a vitreous oabe, which, when treated with an excess of water 
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formed what are called GrahtmCB soluble sdU and Orahasffs mohMe edU — ^both are 
modificationg of Bodium metaphosphate. T. FleitmaniL and W. Hennebeig eepaxated 
what thny coiisideiod to be Bodium tiimetaphosphate from the soluble portion ; 
whUe the insoluble part— called MaddreU's insoluble was supposed to be 
Bodiim xnonometapbosphate. A similar salt was piep'ired by B. MaddreU from 
alkali nitrate and phosphoric ueid ; and the same salt is supposed to be generally 
obtained by heating an alkali oxide with an eq. amount of phosphoric acid to a 
red-heat (but not high enough to melt the mass) until the residue does not give an 
acid reaction. The portion which remains when the product is leached with water 
is supposed to be the salt in question. T. Fleitmann was unable to wiaVg any 
double salts with the monometa phosphate. It is not yet proved that the con- 
stitution of these salts is really that postulated by T. Fleitmann and W. Hennoberg. 
When the sodium salt is digested for some weeks with a soln. of potassium or 
ammonium chloride, it furnishes the corresponding potassium or anunonium salt — 
2KPO3.3H2O, or 5NH4P03.riHn0. According to G. Tammann, these salts may he 
regarded as a-monometaphosphateSf another isomeric scries of monometaphosphates 
is formed by neutralizing a soln. of metaphosphoric acid with alkali carbonate, whero- 
upoD Na2Hr04.12H20 sepnrntes, and the mother-liquid, at 50 *^, fuiniahes micro- 
scopic crystals of what G. Tammann called jS-monometaphosptotey which when 
compreshod and dried nn earthenware slabs have a composition corresponding with 
NaPO^.l^lloO. When moist, this salt quickly passes into the orthophosphate. 
Potassium and aiunioniuni muuomotaphosphates are formed in a similar manner. 
If B. Maddicirb insoluble be heated to redness^ it melts to a colourless fluid, 
which, on cooling, luiins a transparent glass — GraJiardh sdlL For the preparation 
of an aq. soln. of monometaphosphnric acid, vide svpra. F. Pascal argued that the 
salts and acids formed at a high temp, are highly polymerized, and he prepared 
the monometaphoRphato by the action of ethyl hexametaphosphate on sodium 
ethoxide in alciihulio soln. TJie reaction is violent, and yields a yellow, 
sticky masvs: (C2llGPO3)3+0C2Hr,()Na -G(02H5)2NaP04 ; and (C2H5)2NaP04 
=NaP0^-|-(C>ill5)20. When washed with warm alcohol, the sodium salt obtained in 
a 30 -d 0 per cent, yield is in llic form of small, colourless, deliquescent grains. Its 
neutral soln. gives white salts with lead, silver, and barium salts; leuteocobalt 
chloride gives no reaction for pyrophosphates ; its soln. in acetic acid coagulates 
albumen. The f.p. method shows that its mol. wt. is in agreement with NaP&j, 
and is the same as that prepared at 250 ^ and 300 '’. P, Pascal found that the 
insoluble alkali monometaphosphaies of T. Graham, and R. Maddiell arc soluble 
in soln. of the pyrophosphates, oven O-li^T-soln., and they are really complexes of 
high mol. wt. Only the salts prepared by P. Pascal at a low temp, are truly 
monometapbosphates. J. Miilloi described some of these salts. P. Pascal gave 
333xl0~'^ mass units for the mol. magnetic susceptibility of the POs-radicle of 
sodium salt. 

Dimetaphosphates. — The acid itself has not been isolated, but A. Gliitzel 
obtained an aq. soln. of dimetaphosphoric add, H2P2O0, by decomposing the silver 
salt in water by hydrogen sulphide. The soln. is unstable, and soon forms pyro- 
phosphoric and orthophosphoiic acids— particularly if heated. The soln. has 
acidic reactions, and when neutralized with alkali-lye gives a salt identical with 
that prepared in other ways. The dimetaphosphat^ wore prepared by T. Fleit- 
mann and W. Hennoberg, R. Moddrell, and G. von Knorre, by heating an excess 
of phosphoric acid with the oxide, nitrate, or other salt of copper, manganese, 
zinc, or cobalt between 316 ** and 400 °. The metals with a high at. wt. — e.7. barium, 
lead, cadmium, silver, and bismuth — usually give hexametaphosphates by this 
treatment ; nickel and magnesium salts do not react in the same way. According 
to A. Glatzel, if, say, the zinc salt be treated with potassium sulphide, a soluble 
potassium iimetaphosphale, K2P2O0.H2O, is formed ; with sodium sulphide, the 
corresponding sMum dinietaphosphate, Na2F20a-2^zU, and with ammonium 
sulphide, ammomum dimeiaphosphale^ (NH4)2F205, is obtained. The other dimeta- 
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phosphates are obtained by double deoompoBitionfih-e.^. chroimuii 4 ferrio, nickeli 
cobalt, magnesium, barium, strontium, calcium, silver, lead, sine, copper, etc. Of 
these salts, there are MP2O8AH2O, where M represents Cu, Zn, or Mn; and 
M2P2O8.2H2O, where M represents Na, Li, Fb, Ba, or Ca. The ammonium 
and silver sdts are anhy&ous; and the magnesium salt corresponds with 
^8P2^6AiH20. Aluminium metaphosphate, Al 2 (F 206 ) 8 .nH 20 , is also typical of 
the chromic and ferric salts, but whether these sdts are ro^y dimetaphosphates 
or not is an open question. The alkali salts are readily soluble in water, and 
crystallizable ; the other salts are sparingly soluble in water. The less soluble 
salts are but little attacked by dil. hydrochloric or nitric acid, but boiling cone, 
sulphuric acid decomposes them completely, forming orthophosphates. The mol. 
wt. of the ammonium salt from the f.p. of aq. soln. is IIB, the calculated value 
for (NH 4 ) 2 P 20 q is 97 . The ammonium salt is isomeric with hydrazine hypo- 
phosphate, (N2H4)H4P2O0. Very cone. soln. of the ammonium salt crystallize as 
tetrahydrate, (NH4)2P2O0.4H2O. According to T. Fleitmann, this salt passes into 
ammonium monomt^aphosphaic^ NHaFG^* heated between 200 '* and 250 °. 
Chpper dimetaphosphate, CUP2O8.4H2O, is imperfectly decomposed by hydrogen 
Bulphide. There are cogent reasons for doubting the existence of the dimeta- 
phosphates as chemical individuals. P. Pascal believed that the so-called dimeta- 
phosphates are tetrametaiihosphates ; he gave 325 XlO^^ mass units for the mol. 
magnetic susceptibility of the P 08 radicle of R. Maddrell's sodium salt. Ho found 
the change in diamagnetism with increasing complexity in the scries of polymeta- 
phosphatra, is in the same direction and of the same order or magnitude as that 
caused by double bonds in organic compounds. This is in agreement with the view 
that R. Maddrell’s salt is truly a dimetaphosphate. G. Tammann suggested they 
are really trimetaphosphates. An application of the electrolysis fule to soln. of 
the dimetaphosphates leads to the conclusion that the dimetaphosphates in aq 
soln. at any rate, are salts of a tetrabasic acid, and hence P. Warschauei 
argued that T. Fleitmann' s dimetaphosphates arc really tetrametaphosphates, 
A. Holt and J. E. Myers failed to obtain the dimetaphosphates by the above 
process, and they conclude that the so-called alkali dimetaphosphates are 
probably mixtures of the alkali salts and phosphoric acids, and not definite 
compounds.” A. Glatzel reported about thirty complex double salts of the 
alleged dimetaphosphates of the general formula 

E2Zn(P20e)2.6H20 ; K2Cu(P20o)2.4H20, etc.—from soln. containing eq. pro- 
portions of ^e two dimetaphosphates. 

Trimetaphosiitaates. — ^T. Fleitmann and W. Henneberg prepared the sodium 
trimetaphosphate by heating sodium ammonium phosphate until the fused mass 
became crystalline. When extracted with water, insoluble monometaphosphate 
— ^R. Maddrell’s salt— remains and the aq. soln. furnishes crystals of sodium 
trimeiap/iospAate, NB3P209.6n20. Several other modes of preparation have been 
described, e,ff. by G. Tammann, S. Tanatar, G. von Knorre, and L. Jawein and 
A. Thillot. A. Jamieson prepared it by heating sodium pyrophosphate with 
ammonium chloride: Na4P207-|-2NH4Cl:=2NaP03-f2NH3-f2NaCl+H20. Accord- 
ing to G. von Enone, the best method of preparation is to digest a mixture of 
disodiura hydrogen phosphate, Na2HP04.12H20, and ammonium nitrate, NH4N()3, 
in the proportion 1 ; 3 , for almut 6 hrs. at 300 °, and allow the clear aq. extract 
to crystallize. According to T. Fleitmann and W. Henneberg, sodium dimeta- 
phosphate is obtained by heating sodium dihydrogen phosphate, although from deter- 
minations of the depression of the f.p., G. Tammann believed that the salt obtained 
by this process is a dimetaphosphate. P. Pascal gave 315 XlO'^^ mass units for the 
mol. magnetic susceptibility of the POa-radicle of sodium tzimetaphosphate. The 
sodium salt can be purified from pyro- and hexametaphosphates by first converting 
it mto lead trimetapAosphate, Pb3?209,3H20, by allowing a mixed soln. of the sodium 
salt and lead nitrate (not acetate) to stand for some days. The lead salt can be 
decomposed by digestion with sodium sulphate, and the sodium trimetapho^hate 
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obtained in trirlinio crystab sp. gr. 2 ' 476 . The salt reacts like a neutral salt) 
with methyl-orange and phenolphthalein. The salt loses most of its water ol 
crystallization over cone. Bulphuiio acid, or when heated on a water-bath ; it is 
soluble in water, and very sparingly soluble in alcohol According to A. Wiesler, 
the sodium salt is not converted into pyro- or ortho-phornhate when its aq. soln. ia 
boiled, although S. Tanatar said that it is converted into pjrrophoBphate if allowed 
to stand for some time. Silver irimetaplmphatCt AgsPsOoiEsO, can be prepared 
in a similar manner to the lead salt, and most of the metal trimefcaphnsphates can 
be made by the action of the metal chloride or sulphate on the sodium salt. A soln. 
of Ireo trimataphosphoric add, HsPsOp, was prepared by A. Wiesler by the double 
decomposition of the silver salt nr the lead salt. The acid is fsirly stable in the 
cold, but is rapidly hydrolyzed to the normal ortho-acid on evaporation. 
C, 0 . Lindbom represented the constitution of the tribasic acid : 


n 

Ho^ru u 


The electrical conductivities of the sodium salt, by Gr. von Enorre, ¥. Warschaucr, 
and G. Lammann, ate in agreement with the tribasicity of the acid. S. Tanatar 
gave 10*15 Cals, for the heat of ncutrabzation, lIslsOg-fNaOlI. All the trimeta- 
phosphates — even the silver and barium salts- arc soluble in water. The potasbium 
and ammonium salts aie anhydrous ; the manganese, cobalt, zinc, and copper salts 
crystallize with mnls. of water ; the manganese suit alsc forms Mn3(r30Q)2.1lH20 ; 
the ferrous salt, Fe3(P30}))2-12H20 ; magnesium forms both Mg3(P309)2.12H20 
and Mg3(p30y)2.ir)H20. The irimrtaphospkates readily form double salts— 
the double bait calcnifn sodium triirutaphosphalff NaCaP309.3H20, crystallizes 
from a mixed soln. of the sodium salt and calcium chloride ; this and the other 
members of the series have the type formula B'HT30g.nIl20, where 1 ^^ repre- 
snuts an atom of barium, strontium, or calcium, and K' an atom ol sodium or 
}>otassium, or Nll4-radicle. Another series of double salts has the type formula 
1l'%4(P30g)2.t?il20, when denotes an atom of cobalt, nickel, or cadmium. 
The salt NiNaP 3 O 0 . 4 |H 2 O has also been reported. The trimetaphosphates are 
perhaps better characterized than any of the salts of the other polymetaphospLoric 
acids ; they all crystallize ; and they are rerognized by forming no precipitates with 
barium chloride or silver nitrate. F. Pascal agrees that the trimetaphosphates of 
A. Wiesler are correctly named. 

Tetrametapbo9pbates. — T. Fleitmann prepared what he called tetrameta- 
phosphates in colloidal masses by heating mixtures of the orthophosphates of 
the heavy metals with an excess of phosphoric acid at about 300 ^ ; according 
to A. Glatzel, salts or oxides may be used in place of the phosphate, and the 
calcination is made at a red-heat. In either case, the mass is extracted with water. 
When the product is digested with sodium or potassium sulphide, small crystals 
of the sodium or potassium salt are obtained. The electrical conductivity of the 
aq. soln. of the sodium salt corresponds with that required for a tetiabasic acid. 
The alkali salts prepared at the higher temp, form gum-like masses which do not 
pass through a filter-paper ; while the alkali salts prepared at the lower temp, form 
crystals on evaporating the aq. soln., but not if precipitated by the addition of 
alcohol The salts prepared at the higher temp, are thought to be hexametaphos- 
phates. F. Pascal gave 298 X 10 ~^ mass units for the mol magnetic susceptibility of 
the FOy-iadicle of sodium tetrametaphosphate. T. Fleitmann is reported to have 
made double salts by fusing mixtures of his copper and sodium dimetaphosphates 
— e,g, copper and sodium dimetapbosphates gave him CuNa2P40x2- Tetrameta- 
phosphates were also prepared by A. Glatzel, F. Warschauer, G. von Enorre, and 
G. Tammann. The first-named found the electrical conductivities of some of 
the Balts fit in well with their tetrabosicity, G. Tammann said that the salts 
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are heza- or dodeca-metaphoephateB ; but P. Fasoid considered that the tetra* 
metaphosphstee of F. Warechauer, and 6. Tammann are correctly named. The 
aq. eoln. of tetrametaphoq>horio acid, was made by A. Qlatzel, and 

F. Waisohauer by treating &e insolubie mel^ s^te— c.y. those of silver or lead— 
suspended in wato irith hydrogen sulphide. The aq. soln. can be kept for a short 
time, but it rapidly passes into the pyro-acid, and finally into the ortho-acid. 
The prodnots obtained by neutralidug the acid with alkali-lye are identical with 
those obtained in other ways. A. Glatzel represented the constitution : 


®®^P0-0-P0 


,OH 

0 

'OH 


PentUDetaphlxlphatefl. — 0. Tammaim reported that he had mode ammonium 
•pcnlamdafhoaphale^ by heating ammonium dimetaphoRphate at 

200 ^- 250 °, and treating the resulting mass with water. The same salt is luado by 
dissolving ammonium decametaphosphate in hot water ; alcohol preci])itritps the 
salt from this soln. in white amorphous masses which have not been obtiiiued 
in the crystalline statoi but if the soln. be evaporated on a dock glass a stellate 
film is formed. 0 . Tammann measured the electrical conductivities of the sob. 
When this salt is treated with potassium bromide, nmnifinimii potassium penta- 
metaphosphate, K4(NH4)F50i5.6H20, separates from the sob. ; similarly, sodium 
or lithium chloride gives an analogous ammonium sodium pentametaphosphate, 
Nb4(NH4)Fb0i 5, or ammonium lithium pentametaphosphate, Li4(NIl4)pBUj5. 
The pot^sium salt furnishes a crystalline mass, the others form gum-like mas^PM 
on evaporatmg the aq. sob. There are several other differences between llie 
potassium and ammonium salts— E4(NIl4)F50i5 and (Nli4)4(NH4)P50i5-ancl the 
sodium and lithium salts — Na4(NIl4)F50iB and Li4(NH4)P60i5. Fur mstance, tlic 
behaviour of the two series of salts towa^ reagents is not quite the same ; aiul 
the electrical conductivities of the lithium and sc^um salts agree with the absumj)’ 
tion that each salt lurnishes five cations, while the other salts furnish one ctitiou, 
and thus behave like salts of a monobasic acid. It is therefore inferred that 
[M4FBOJ6]' behaves as a monobasic complex ion, on inference which is confirmed by 
the subtitutions just mdicated. By treatbg the ammonium salt with silver uitrat i>, 
a pulverulent salt with the empirical composition AgF0^.jH20 is obtained. AVlien 
this i.s treated with the ammonium salt, it fumiBlies a crystallbo product, 
Ag4(NH4)F50i5.2H20. Solutions of the sodium and lithium salts ( 1 ) give no 
precipitates with mercuric or cadmium chlorides, or with cupric sulphat^ althougli 
the ammonium salt does give a gum-like mass; (2) with barium or ferric chloride 
and lead nitrate, precipitates are formed which are insoluble in an excess of reagent, 
( 3 ) strontium chloride, or bismuth or silver nitrate gives a floceulent precipitate 
soluble m an excess of reagent ; and ( 4 ) calcium chloride, or nickel, cobalt, inun 
ganese, zbe, ferrous, or duminium sulphate gives a gum-like separation or a 
floceulent precipitate. The solubilities of these precipitates in an excess of their 
components m^cates the formation of complex salts. The free acid has not been 
made. 

Hexametaphosphates.— H. Liidert prepared sodium hexamelaphosphale by 
gradually heating disodium hydrogen pyrophosphate to a red-heat, and ra])idly 
coolbg the fused mass ; it is also made by fusing monosodium hydro orthophosphate, 
or microcosmic salt, so that T. Graham’s salt is considered to be more or loss impure 
Bodinm hexametapbosphate. T. Fleitmann considered that T. Graham's salt 
is a liexametaphospbato, since five of the sodium atoms can be replaced b; 
ammonium, forming a substance with the empirical composition (NH4)5NaPeOjHi 
but he did not prove that the fused salt is not a mixture of sodium mouometa- 
phosphaie or of some other metapbosphate with a different polymeric form. 
0 . Rose showed that sob. of T. Graham’s salt furnish precipitates portly 
floceulent and partly gelatinous, when mixed with many salts of the metals or 
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ftlkftl]]i6 B&iihBi 8t^. by poiiriiig ths fredily piepatsd soln, into an of ailvei 
nitrate, two di^nct layois are fonned ; (a) a crystalline salt, and (6) a gelatinous 
or resinons layer which is insoluble in water, and which appears to have the com- 
position Ag5NBiFQ02{). The crystalline salt is probably 8 %bo&‘ 

AgoPaOisi nhich when treated with sodium chloride furnishes socJtum hexcmetw^ 
NsqPqOxb* Q'l^d when this is digested with ammonium chloride, a salt, 
(NH4)GNaP|;Ox6, is formed. Hence, 0 . Tammann obtained sodium hezameta- 
phosphate from Graham’s salt by first producing the crystalline silver salt, and 
then converting it into the so^um salt by treatment with sodium chloride, 
T. Fleitmaiin said that the acid itself can be made by calcining orthophosphorous 
acid, H. Liidert obtained il by treating with h3rdTogen sulphide the lead or silver 
salt suspended in water. The aq. sob. is very unstable, and is readily hydrated, 
and, as A. Wieslor said, gives no information as to the basicity of the acid. 0 . Tam- 
mann believed that Ihc sodium salt is really a mixture of NaulPO^je and two other 
hexametaphosphates, Na 6 [Na(P 0 g)fll, and Na4[Na2(PQ3)B]. This is inferred from 
the electrical conductivities of K2Na4(PO3)0 and Na2Na4(P0a)B, which show that 
two of the atoms of the alkali metal per mol are ionized. The salts may be his- 
hexametaphosphates or tmhexametaphosphates, but probably are hexameta- 
plioaphiiics. The so called a-monometaphosphoric acid may be identical with 
hexymetuphospfaoric acid. A, Wicsler prepared some of these salts. P. Pascal 
gave 28 ljXlO ~7 mass unite for the mol. magnetic susceptibility of the POg-radicle 
ill T. Graham’s sodium hexametaphosphate. 

P. Pascal prepared hexamelapJmphate, (CgHgPt^jB, by treating phosphoric 
oxide with absolute alcohol for some hours at the boil'ng temp., or some months 
at room temp. The viscous liquid is insoluble in ether, hut soluble in chloroform. 
Wlicn fractionally precipitated by ether from its sob, m chloroform, about 12 per 
cent of a polymer insoluble in chloroform is obtained. Ethyl hexametaphosphate 
lias the mol. wt. required for (C2 HbF0s) 6> when its effect on the f.p. of naphthalene 
is detcrinined. It gives sodium monometapboqphate when treated with sodium 
cthoxide. The alkali hexametaphosphates are best prepared by fusing the 
trimetaphoRphate in small portions at a time in a platinum crucible at about 700 ", 
and rapidly cooling the fused mass by plungmg the bottom of the crucible m cold 
water. The transition temp, to the trimetaphosphate is 607 °d: 2 ''. The change 
from the tri- to the hexa-metaphosphato is almost instantaneous, but the reverse 
change decreases rapidly with fall of temp., and is practically zero below 500 °. 
The hexametaphosphates at a high temp, gradually become colloidal, as shown by 
the viscosity of the sob. There is a limit, 1*8 per cent, of colloid at 648 ° in 16 his. ; 
and 1-2 per cent, in 0 hrs. at 835 °. The hexametaphosphates are distinguished 
by foTining complexes with iron and uranyl resembling the ferro- and ferricyanides 
-c.jf. M 4 [Fc(P 03 )nl, Mj[Fe(POg)o|, M4[U02(P03)b1. Consequently the hexameta- 
phosj)lint4>a decolorize ferric thiocyanate, and prevent the coloration of uranyl 
salts by potassium Icnocyanide. These reactions will detect the hexamete- 
phosphates if one per cent, bo present in a mixture. Graham's soluble salt behaves 
like B complex hexametaphosphate, Na2[Na4(P0^)B]. It is unstable in aq. sob., 
and b the presence of a lead salt precipitates lead hexametaphosphate from which 
the ordinary alkali hexametaphosphates can be prepared. 

A number of still higher polymerized metaphosphates have been reported. 
According to G. Tammann, by melting a mol of a salt of a bivalent metal with 
a mol of sodium ammonium hydrophosphate, a clear fluid is obtamed which 
crystallizes when the mass is cooled. The cubic or octahedral crystals have the 
composition of octometaphosphates, s.g. Zn3Na2F8024— representing octometa- 
phoqihoric add, magnesium, manganese, cobalt, nickel, or zinc sulphates 

may be used , but not barium, lead, or copper salta, for the latter give pyrophosphates. 
G. von Enorre had doubts about the chemical individuality of the octometa- 
phosphates. By heating ammonium dimetaphosphRtc for two or three hours between 
200 ° and 250 °, G. Tammann prepared what he regarded as a decametapbogphata, 
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(NH4]i0FidO8o» which is partly changed by treatment with soln. of the metal 
salts^.i;. potassium hydroxide, or potassium chloride giving ammnnfatn fmififfa- 
potassiiim decametapboqphate, Ko(Nn4)P]QC^.10H20, as an insoluble crystalline 
powder. When the deca-salt is treated with hot wateTi two mol. eq. of pentamota- 
phosphate are obtained. G. von Knorre had doubts about the chemical 
mdividuality of the docametaphosphates. When nickel or cobalt sulphate is 
melted with phosphoric acid containing some sodium salt, B. Haddrell reported 
that sodium cobidt and sodium nickd tetradecametaphoqd^ NiaNa2Pi4042i 
ox CoQNa2Pi4P42— representing tetradecametaphosphoiio addi Hi4F]4042— are 
formed. 6 . Tammann also reported a sodium ma/gnssium tetradecatnetaphosphaiCy 
14, but, added G. von Knorre, whether it is to be considered as a 
chemical individual or a mixture is open to question. P. Pascal gave for the three 
colloidal salts the mol. magnetic susceptibility 266 X 26 B X Kr^, and 268 X 10 ^^, 
and for the non-coUoidal salt 254 xl 0 ~ 7 ; and inferred that the colloidal 
salts are three forms of the octometaphosphate, and the nou-colloidal salt is a 
decametaphosphate. 

There is some doubt if some of the polymetaphosphates are really chemical 
individuals, and if some of the individual metaphosphates have been inserted in 
the right class. Decisive evidence is usually wanting, for, in spite of the many 
researches which have been made on the metaphosphates, their chemistry is by 
no means in a satisfactory condition. As F. Warschauer said in 1903 , the meta- 
phosphates form one of the most confused chapters of inorganic chemistry. 
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§ 28. Polyphosphoric Adds 

Pyropliosphoiic acid can be considered as a member of a scries of polyphosphoric 
acids. They can be derived from ordinary phosphoric acid by the abstraction 
of water, thus ; 


I’yruphuaphorio acid, U4p,0. » 
Triphosphoric arid, i J ^ F |0 m ■ 
Tetrafihosphuric and, iiiFiGi, 


. . • lens KgO 

• 3H|1M)4 lesB 211,0 

. 411, r04 less 3H,0 


The general formula is will3P04—(w— 1)1120, or HwP«_z04-f(»— 3)g. For 
example : 


Orth opliosphoric acid (m — 1 ) . 

])j< or pyro-phosphoric acid (m— 2) 
Triphosphoric acid 3) 
Tetraphosphoric acid (m~4) . 


H, 1 'C )4 

II4P.O, 


II4IV) 

n.F.o 


IB 

II 


Salts of some of these acids were made by T. Fleitmann and W. IXenneberg,^ 
F. Gluhmann, F. Schwarz, and M. Stange, by heating metaphosphates with 
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pyro- or ortho-phoq^hatea. On cooling a fnsed mktnre of anhydrous Bodinm 
pyxophoq^hate (100 parts] with sodium metaphosphate (50 parts) which has been 
kept at a bright red-heat for about half an hour, a crystalline mass of sodium 
triphoq»hate, Na5p30ioi is obtained: Na4r207+NaF(^s:Na5P30io. The cone* 
aq. Bcln. furnishes crystals conespouding with Na^?^02o<BH20-^ result not 
obtained by simply evaporating a soln. of the two salts in water, and which has 
been used against the argument that the alleged triphosphate is a double salt 
of sodium pyro- and meta-phosphates. The aq. soln. when boiled decomposes 
into a mixture of the two components. Various double salts have been prepared 
of the type M^^Na^PsOio, by treatment with cobalt, zinc, and other salts. Zinc 
and manganese salts of the type have been made. M. Stange found 

that when titrated with 1 : ID soln. of ferrous ammonium sulphate, lead nitrate, 
manganese sulphate, cadmium sulphate, or barium chloride rather more liquid is 
required to produce a precipitate with a soln. of triphosphate than with au eq. 
mixture of meta- and pyro-phosphates ; rather less with a soln. of chrome-alum, and 
just the same with silver nitrate. P. Schwarz claims to have made the free acid 
—triphosphoric add, H5P3O1Q— by treating an aq. soln. of the copper salt with 
hydrogen sulphide. The aq. soln. of the acid is soon transformed into 
pyrophosphoric acid, 2H6P302 q-|-I 12()->3H4P207, and albumen is not coagulated ; 
if, however, the sodium salt is treated with a few drops of acetic acid, the albumen 
is coagulaW. F, Schwaiz represented the constitution 


(H0)4=P0.0 

(H 0 ),=P 0.0 


>PO-OU 


in agreement with the phenyl triphosphate obtained by M. Biegel. 

T. Fleitmann and W, Henneberg also prepared soitttwt telrafhosfJiale, NaBP4023 
—representing tetraphosphoiic ad^ n5p40]3— by melting together a mixture of 
eq. amounts of sodium hcxametaphoqhate, NboPoOis, and sodium pyrophosphate : 
NaBp30i8ri-3Na4P207=3Na5p40j3 ; or with sodium orthophosphate : NaoPgOiB 
+2Na3p04=2Na3P40i3, Sodium tetraphosphste can be crystallized from i1» 
soln, in hot water, although it is slowly transformed into the orthophosphate in 
warm aq. soln. An acid salt has not been made, but silver and magnesium salts 
of a similar composition have been made by double decomposition of the sodium 
salt with salts of the respective elements. If sodium salts were those of a hexameta- 
phosphate, they should give no precipitate with magnesium salts, and with silver 
salts a precipitate soluble in an excess of the sodium salt. C. P. Gerhardt thought 
the salt crystallizing with 18 mols. of water of crystallization to be an acid salt of 
pyrophosphoric acid, but K. Kraut and H. Uelsmann found that this is not likely 
to be the case because all the water i^ lost in a desiccator over sulphuric acid. 
M. A. Rakusin and A. A. Araeneefi found that after the violent reaction resulting 
from the addition of phosphoric oxide to water and formation of orthophosphorio 
acid has subsided, further quantities are gradually added until the amount reaches 
about 520 per cent, of the water present. After keeping for five days, crystals of 
tetraphosphoric acid, H0P4Oi3, separate from tte syrupy liquid. This acid has 
previously only been prepar^ in the form of its salts. The acid melts at 34 , 

andLiaaiip. gr. of l'BrtB6atl5°. v u i- 

T, Fleitmann and W. Hennebcrg also prepared Boamm decwimpui^ 
NaijPioOai,— representing decaphosphoric add, H12P10O31— by fusing together 
eq. quantities of sodium hexametaphosphate and sodium pyrophosphate: 

4NoePB02B-|-3Na4P207— 3Nai2Fio03i. , ii j 1 , i k,f 

A. V. Kroll 2 reported a sericH of salts which he called uUra-jmspnaieSy but 
the following is not his view of their Mture. Assuming the ultra-phosphnto 
are chemical individuals, they can be derived from the orthohezaphosphonc ad^ 
Ha,P, 0 «. or (H 0 ) 4 P. 0 .P( 0 H),. 0 .P( 0 H) 3 . 0 .P( 0 H) 3 . 0 1 >( 0 H),. 0 .P( 0 H)^ bf the 
loss of five mols. of water so as to form penteronesapnospboric acia, UioidUgoi 
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repiesenled by caldiiin penterohaaiihiwpluta, 5CaO.F£Oj, or CsPtOgo— for 
the nomenolAtuTe, vide the silioio eoidB, 6. 40, 22, 


(HO),=P<J>p<0>p<°>p<J>p<°>r=(HO), 
no HO HO HO 


is obtained as a fnspd niasB by paasing the vapour of phosphoric oxide over heated 
lime ; lead oxide furnishes the corresponding lead salt ; and inaguesium and nickel 
salts have been mode. The tetrabosie phosphate, Thninaa’ slag, heiero- 

bexaphoaphate, 4Ca0.3ra0g, and the lead salt, 4l'b0.3P£U5, representing the 

taexnohexitphospboric adi^ HaPeOig : 




/Os. 


(HO),=p<">P;^p<j;>i*<">r<">r=(on), 


'■ 0 ' 


OH OH 


The next member of the serieB would be hepterohexaphosphoric add, llaPgOiB: 


(H0)^P<O>P^O^4*<O>p4o^P<O>P=(0H), 


"0- 


which is i<ioniprir with hexametaphosphoric acid, and rrpTP^DiiWd by tlip liydrdip, 
2Na2O.3PoO5.H2O, or Na4H2P50ig. When the vapour of plioaphorus poiitoMile 
acts on lime at 250°, the resulting caldiim octerohexaphosphatep 2Cu0.3P2^6i 
or(a2P60j7, 


HO 

HO 



Corresponding lead, lithium, and sodium salts have been prepared. The last 
member of this series of salts is represented by the lithium, sodium, silver, and lead 
salts, corresponding with ennerohfixapboBphoric add, U2PeO]e; 


HO, 

0" 


, 0 . 


0 


P<n>P-0-P. 
^ 0' 


“O' “ 


OH 

0 


Bivxbsnges. 

^ T. Fleitmaim and W. Honneborg, L%cbifa Am,, 65 . 30 , 387 , 1845 ; K. Kraut and H. Uola- 
mann, tb., 118 . 00 , lOOl ; M. Stango, Zeit. UTwrg. (%m,, 12 . 444 , 1 B 96 ; Ufbtr ixmgc Altbdhtr- 
kndvngtn dir TripfiMphornawre^ Krotock, 1806 ; P. Gluhmann, BFiira4f tut EtnrdnU dtr Tu- 
jihofphortaurf und ihret Sake, Brilin, 1809 ; M, Kiogel, Uebtr die Eiwvirkvng von Phtnekn auj 
Pyro^ und (ht}utpho*^pborHaurTcliU)v\d, Rostock, 1806 ; F. BobolcS, Zeif, unorg. Vhem,, 12 . 16 , 
1806 ; F. Srhwarz, i 6 ., | 0 . 267 , 1805 ; 0 . F. Gorhaidt, Campl. Uend, Trav. Clim„ 19 , 1849 ; 
M. A. Rakiiflin and A. A. ArBoneeil, C'Aem. Ztg,, 47 . 196 , 1923 . 

” A. Y. KroU, Uiber UUraphosphate, Leipzig, 1912 ; ZpiY. anoi^. Vhtm,, 76 . 387 , 1012 ; 77 . 
1 , 1012 ; 78 . 05 , 1012 ; Jowm. Iron Skd Irud,, 84 . ii, 126 , 1911 ; Stahl Eim, 28 . 676 , 1008 ; 
81 . 2020 , 1011 . 


§ S9. Perphosphoric Aedds 

Orthophosphoiic acid does not react with hydrogen dioxide, and there are no 
signs of the formation of a pcrphosphoric acid, analogous with persulphuiic acid, 
when Boln, of phosphoric acid are electrolyzed. J. Sohmidlin and P. Massini,^ and 
J. d'Ans and W. Friederich found the case to be difierent, however, if phosphorus 
pentoxide be treated with 30 per cent, hydrogen dioxide at low temp., for when the 
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ocxtuM u diluted with ice-cold water, a eoln. is obtained which has oxidizing 
properties spdognuB to those possessed by permonosulphuiic acid. If a dil, soln. 
of ph(^horio acid containing hydrogen dioxide be electrolyzed, pennonophosphotio 
acid is also obtained. Analyses correspond with peroumophoiphoiic aoUi 
HjPOs, or P0(0H)20.01{. a similar compound is obtaiLed with mota- and pyro 
phosphoric acids ; in the latter case, also, a small qmint.ty of periiphCMiplunlC BCUi 
is formed, particularly if the p 3 rropho 8 phoric acid he in excess. IThe 
compositions of the pormonophosphoric and permonosulphuiic acids are different 
since the sulphur in the one case is sexivalent, and the phosphorus in the other 
case is quijiqupvalent : 


HO HO-0. 

HO -V<r or H0-P=0 

110 ^ HO^ 

FoTmonoplicMphoTlc acid. 


O p OH 
O-^I^OH 
O^i OH 
0-^ ^OH 

FeriUpliOBpliiiiic acid. 


The proportion of H 4 P 2 OH wliich is formed is greater the greater the excess of 
pyrophosphorio acid over the hydrogen dioxide ; fur example, with 3 c.c. of dioxide 
to 25 e.c. of syrupy pyrophosphorio acid, the acid formed corresponded with 20 
per rent, active oxygen, and with 40 per cent, active oxygen when the respective 
proportions were 1 : 42. Permonopliosphoric acid oxidizes manganous salts to 
permanganates in the coid, a reaction not shown by Caro’s acid, and it liberates 
iodine from potassium iodide. No salts — perinonophnsphatc^s — have been obtained, 
although soln. (not acidic soln.) give precipitates with silver, iron, nickel, manganese, 
and salts of the heavy metals, and these rapidly change to orthophosphates with 
tlie evolution of ozonized oxygen. Cone. soln. have a smell resembliug that of 
bleaching powder, they do not keep so well as more dil. soln. Neutral and 
alkaline soln. arc less stable than acidic soln. G. 1. Petrenko reported Bodium 
perphosphates (Na 0 )P 0 ( 02 Na) 2 . 6 in 20 , as a result of treating a soln. of sodium 
phosphate with hyJiogcn dioxide ; it is thought to bo sodium phosphate with 
hydrogen dioxide of crystallization, Na 3 P 04 . 2 ll 202 . 4 |H 20 ; and E. Pinerua-Alvarez 
prepared a compound NaPO^ by the action of a soln. of sodium dioxide in aq. alcohol 
on sodium phosphate. A. R. y Miro obtained perphosphates by the electrolytic 
oxidation of phos])hates with an electrolyte containing fluorides ; the anodic oxida- 
tion of phoBjihates was also studied by P. Pichter and J. Miiller ; and the oxidation 
of phosphoric acid {q.v,) by fluorine, by P. Piclitcr and W Kladergroen. B. Asch- 
kenasy made the alkaline earth peqihosphates by dissolving the peroxides in an 
exeeas of phosphoric acid ; on evaporating the soln. under diminished press., 
the perphosphate is produced. If an alkali sulphate be added to the liquid before 
evaporation, the iiltrutc furnishes an alkali perphosphate. F. H. Fuhrmanu 
summarized tlie patent literature on the subject. 


RmfEHBNOlSS, 

^ J. f^chmidliu and P. MaBsini, Prr., 48. 1010; J. d’Ann, ZtU, Elektrochfm., 17. K50, 

1011 ; J. d'Aiis and AV. rriodniirh, Her., 43. 1B80, 1010; Zeit, anorq. C/tem., 78. 348, 1911; 
J. TTantiJi and 0. KalJaunor, tb,, 70. 232, 1011 ; G. I. Potrenko, Jaum. Buaa. Phys. Chem. Soc., 
84. 204, 1902; E. Pineru a- Alvarez, CJiem, Nrwst 04. 209, 1900; Ann, Chim, Ami Appl, 11. 
4i01, 1006; K. Aschkenaciy, German Fat,, 290790, 290BSB, 299300, 1014; .310997, 1915; 

11. Byk, ib., 2S75H8, 1013 ; A, B. y Miro, Anal, Fta, (^tm„ 16. 573, 1018 ; 20. 1^4, 1922 ; 
ndvetica Chim, Actn, 2. 3, 1910; F. Fichior and J. Mullor, 1. 207 1918; F. Fnhtor and 
W. BlodergitiPi], 1 ?)., 10. 540, 553, 559, 500, 1927; F. U. IjAilinnaan, Vlwn, Ztq., 45. 437, 1921 ; 
Chem. Trade Joum., 68. 023, 1921. 


f 80. Fhosphoms Flanrides 

Phosphorus unites directly with the halogens in at least two different propor- 
tions — three, the fluondes, chlorides, and bromides, are of the types, FXs and PX^, 
VOL. VIII. 3 a 
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while the iodides are Pl^ and F 2 I 4 — there is also a chloride ooirespoiidbg with this 
latter compound. The pentahalidea are obtained by treating the trihalides with 
more halogen ; the reaction is reversible, and the vapour of the pentahalide is more 
nr leas dis^ciated ; PZ 5 =s^PX 3 +X 2 . The affinity of phosphorus for the halogens 
decreases with increasing at. wt.^. 9 . the pentafluoride is the most stable higher 
compound, and the pentaiodide, if it has been prepared at aU, is a very unstable 
product ; the heats of formation of the trihalides decrease in the same direction : 

PF, PCI, PBr, PI, 

Heats of formation 108 76 44*6 lO'O Cala 

Hoiling points • —93” 76” 175” decomiiOBes 

Melting points , -100” -111*6” -41-5” 00^ 

The corresponding chemical properties, and also the physical properties, usually 
change more or leas regularly in passing from one end of the series to the other. 
A number of mixed hdides are also known, lor instance, PFsigas), rF 3 Cl 2 (ga 8 ), 
PF 3 Br^(liquid), FF 3 l 2 (solid), etc. ; there are also some oxy-halides, e,g. POCI 3 , 
POBrs, POClBr 2 , rtc., as well as F 2 Q 3 CI 4 , PO 2 CI, etc. 

H. Davy,i and J. B. A. Dumas prepared a fuming liquid resembling phosphorous 
chloride, PCI 3 , by heating phosphorus with lead or mercuric fluoride. According 
to J. L. Gay Lussac and L. J. Thenard, this reaction only occurs in the presence 
of silica, and L. Pfaundler noticed that when the materials are heated in a glass 
tube, most of the phosphorus distils unchanged ; only where the materials are in 
contact with the glass does etching and decomposition occur ; and the product of 
the reaction is a vapour which does not condense at K. W. E. Maclvor 

also said that phosphorus fluoride is a gas at ordinary temp, and prass. It was 
afterwards shown that phosphorus fluoride must bo a gas at ordinary temp, and 
therefore the liquid obtained by H. Davy could not have been the fluoride. The 
nature of the fluorides of phosphorus was not clear until the advent of U. Moissan s 
investigations on fluorine, mainly recorded in his monograph Lefvtor ct scs coinposes 
(Paris, 1900). It is there shown that yellow or red phosphorus burns vigor ouriy in 
fluorine gas ; and when fluorine is led through a fluorspar tube containing a piece 
of dry phosphorus, the pentafluoride is form^, and if the phosphorus be in excess, 
some trifluoride as weU as pentafluoride appears among the products of the reaction. 

In 1884, H. Moissan ^ prepared phoqdmm triflao^ei or phosphoTOiu fluoridef 
PF 3 , by heating a mixture of lead fluoride and copper phosphide to dull redness 
in a brass tube closed at one end, and fitted by means of a cork at the other end 
With a lead exit tube. This end of the brass tube is kept cool by a water-jacket. 
The gas was first passed through a Wash-bottle containing a few c.c. of water to 
remove traces of hydrogen fluoride or phosphorus pentafluoride ; and then dried 
by passage through a vessel containing sulphuric acid. The dry gas can be 
collected over merrary, H. Moissan also made the gas by the action of silver, zinc, 
or arsenious fluoride on phosphorus trichloride ; and by the action of zinc fluoridr’ 
on phosphorous bromide. A. Guntz made it by the action of lead fluoride on 
phosphorus trichloride ; C. Poulenc, and H. Moissan, by the action of hydrogen at 
27)0°^, or of the metals— mercury, aluminium, tin, lead, iron, or nickel— at 180^ or 
of phosphoms at 120'* on phosphorus dichlorotrifiuoride ; H. Moissan, by passing 
induction sparks through phosphorus pentafluoride ; PFs^PFs+Fs ; 6 nd 
A. Simon, by the electrolysis of soln. of the oxides of iron or manganese in molten 
calcium fluoride in the presence of carbon; the resulting Carbon tetrafluoride 
acting on phosphorus or the metal phospUdes yields phosphorus trifluoride: 
2Mn3P2+3Mn+3CF4=3MnaC+4PF3. 

According to H. Moissan, phosphorus trifluoride is a colourless gas which does 
not fume in air, and which can be condensed to a colourless, mobile liquid which do^ 
not attack glass. The vapour density is 3022, and the value calculated for PFs is 
3045. This formula is also in accord with H. Moissan's analysis. The mol. vol. 
of the gas at O'* and 760 mm. is 153-24 c.o. Phosphorus trifluoride does not change 
when heated to 500'* for half an hour in on iron vessel, but in a glass vessel, or in 
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the presenee of Bilica, it decomp^ very quickly : lPFB+3Si02=dSiF4+30244P. 
The amount of oxygen formed is not sufficient to convert all the phoephorua into 
the pentoxide. The b.p. of the liquid is —96® ; and it can be frozen to a snow-white" 
Bolid wiih a m.p. —160®. M. Berthelot obtained lor the heat of formation of the 
gas from its elements 106*2 to 109*7 Cals. When phoap'iorus tiifluoride ie sparked 
in a glass tube with platinum electrodes, H. Moissan found that the spectrum shows 
znany lines due to fluorine, to phosphorus, and to platinum. The phosphorus 
lines are verj mtense, whilst those of fluorine are feebler. The dry gas is decom- 
posed by the electric discharge ; 5 PFb=3PPb+ 2P. If a trace of moisture be 
piesent, the phosphorus deposits on the widls of the vessel, the vol. decreases, and 
the residue contains some silicon tetiafluoride formed by the action of hydrogen 
fluoride on the glass containing-vessol. 

According to H. Moissan, when a mixture of phosphorus trifluoride and hydrogen 
is heated, hydrogen fluoride and phosphine are produced : PF8+3H2=PHB-f 3UF. 
The hydrogen fluoride immediately attacks the glass, forming silicon tetrafluoride. 
The trifluoride docs not bum in air, but if mixed with oxygen, the gas explodes, 
forming phosphoryl fluoride : 2PF8+O2— 2POFg ; and oxygen in excess of this 
proportion remains as an inert gas. A mixture of the gas with half its vol. of oxygen 
explodes vigorously when sparked, but it is not ignited by the flame of coal gas. 
The temp, is here not suificiGntly high, for if the mouth of the gas-jar containing 
the mixture approaches the oxyhydrogon flame, the gas is ignited and the flame travels 
to the bottom of the jar. Phosphorus trifluonde reacts slowly with water at 20®, 
forming phosphorous and hydrofluoric acids ; the reaction is not quite analogous 
to the reaction between water and phosphorus trichloride — mde infra. With boiling 
water or steam, the reaction proceeds more quickly, but not instantaneously. 
The trifluoride is nut absorbed by dry potassium taydfoxifle, but with an aq. 
Boln. of potassium or sodium hydroxide, the alkali fluoride and phosphite are 
produced, and not, as M. Berthelot supposed, potassium fluophosphato. The 
gas is slowly absorbed by aq. soln. of potassium carbonate, or of barium hydroxide. 
Absolute alcohol absorbs the gas with the development of much heat, forming an 
ethereal liquid which does not give oS a gas when boiled. A yellow flame appears 
when the trifluoride comes in contact with fluorine, and the pentafluoride is 
formed ; and H. Moissan, and C. Poulenc found that in contact with chlorine, 
the dirhlorotrifluoride is formed ; with hromiue, the dibromotrifluoride ; and with 
iodine, the dichlorotrifluoride. II. Moissan found that when hydrogen chloride is 
heated with the trifluoride, phosphine, and phosphorous chloride are formed. When 
the trifluoride is heated with sulphur vapour to 440®, no change can be detected. 
The dry trifluoride reacts with dry aitimnnin, forming a white flocculent mass 
which is immediately decomposed by water. No reaction occurs when the gas is 
heated with phosphorus ; and arsenic can be sublimed in the gas without forming 
arsenic fluoride. This ^ows that phosphorus trifluoride is more stable than 
arsenic trifluoride. When phosphorus trifluoride is heated in contact with boron, 
in a glass vessel, the reaction furnishes phosphorus, boron trifluoride, and a little 
silicon tetrafluoride; with silicon, at a full red-heat, phosphorus and silicon 
tetrafluoride are formed : 4rF3-{-3Si=3SiF4+4P, a reaction utilized for analyzing 
tlie gas. A. Simon represented the reaction with heated silicB ; 4PF3-| 3Si02 
=3kSiF4+302+4P ; and, as indicated above, the silica of glass is attacked in 
virtue of a similar reaction. If a piece of sodium be heated m phosphorus tri- 
fluoride confined over mercury, the metal melts, and the vol. of the gas t^cn 
gradually decreases, until suddenly the metal becomes incandescent, and the whole 
of the gas is rapidly absorbed ; with heated copper, the metal acquires a fllm of 
phosphide, the vol. of the gas decreases, and silicon tetrafluoride appears. 
A. Granger said that at a red-heat, copper dipeutitaphosphide is formed. 
H. Moissan found that with mocuiy vapour no visible action occurs at 350®, 
aluminium has but a sLght action even at the softening temp, of glass. This, 
said H. Moissan, seems lemarkable because of the ease with which aluminium fluoride 
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is prepared— the probable explanation is that a protective film of flaoride is formed 
on the surface of the metal. A. Granger found that the phosphorus trifluoride 
reacts with iron, OObalti and nickel at a high temp.i formiug pho^hidea— the 
products are contaminated with fluorides, and decomposition products of the glass 
containing-vesscl. When the gas is passed quickly over spongy idatinum at a 
red-heat, phosphorus pentafluoride is formed ; but if the gas is passed slowly, 
it is completely absorbed by the red-hot spongy platinum. H. Moissan found 
that soln. of chromic add, or of potassinm pemianganatei rapidly decompose 
phosphorus trifluoride, forming phosphoric acid, etc. 

In 18li7, T. E. Thorpe ^ discovered phosphoms pentafluoridep or phosphoric 
fluoride, rifs- He found that when arsenic fluoride is added drop by drop to 
phosphorus pentacKloride contained in a small flask, a vigorous reaction occurs, a 
colouilcSB fuming gas is given off, and arsenic chloride remains. The reaction is 
symbolised ; DAsF^ f 3 P()l 5 - .IPFs-hDAsCls. The gas is contaminated with the 
vapours of arsenious fluoride and chloride. A. Guntz made the pentafluoride by 
the action of phosphorus peutachloiide on lead fluoride ; and II. Moissan made 
the same gas by sparking phosphorus trifluoride : 5 PF 3 — 2 P+ 3 PF 5 ; aud by lead- 
ing a rapid stream of phosphorus tiifluoride through a heated tube of platinum 
sponge- yield 12-13 per cent. A fairly pure product was also obtained by the 
spontaneous decomposition of phosjihorus trifluodibiomide at 15° ; in symbols : 
5 PF 3 Br 2 - 3 l^F 5 -h 2 Fnr 5 . TLq pentafluoride is a gas, and the pentabromide is a 
solid. The gas is containinated with biominc, which can be removed by allowing 
it to stand in a dry flask in contact with mercury. C. Poulenc made the gas by 
heating phosphorus trifluodichluride to 200 °- 2 r) 0 °, 01 by passing an electric dis* 
charge through that gas. H. J. Lucas and F. J. Evriiig obtained the pcnlalluoride 
by beating in an iron tube a mixture of 25 grms. of phosjthorus pentoxidc, and 55 
gnus, of dry calcium (not potabsium) fluoride: r)('aF 2 -+CP 206 = 2 PF 5 + 5 Ca(J* 03 ) 2 . 

According to T. E. Thorpe, and H. Moissan, phosphorus jicntafluoride is a culour- 
lesH fuming gas with a powerful smell ; it rapidly attacks the respiratory organs. 
It is heavy enough to be poured like carbon dioxide from one vessel to anotliei. 
The gas is incombustible and a non-supporter of combustion. It can be kept ovei 
mercury for some time, but its volume gradually diminishes. According to 
T, E. Thorpe, the vujmur density is 126 (H— 2 ), and its formula is therefore PFjj. 
where pliosphorua is undoubtedly quinquovalent. T. E. Tliurpe found tliat at 7° and 
under a press, of 12 atm., the gas exhibits no inarlced deviation from the standard 
gas law, H. Moisvin said the gas htpiclics under a press, of 4(i atm. at ir)"", ami if 
the preas. is partially released the gas solidifies, but rapidly returns to the liquid 
condition. Notwitlistunding the care taken in drying the gas, a certain quantity 
always remains imliqm^fied, but if the pressuie is raised from 40 atm. to 125 atm. 
the meniscus disappeais. The W'hole of the space uliove the mercury lias the same 
index of refraetioii. This is the ciilicnl point, and hence it is possible by means 
of phosphorus pentafluoride to exliibit the liquefacliou, solidification, and critical 
point of a gas at the ordinary temp. The gas can be condensed to a liquid boiling 
at —75°, and frozen to a solid melting at 83°. H. Moissan examined the speclruin 
ol the pas in a discharge tube with platinum electiodea. There are fewer spectral 
lines with the peutafluotido than with the tiifluoride, and this is taken as evidence 
of the greater stability of the former gas. If thoroughly dried, phosphorus penta- 
fluoride is not changed by feeble electric sparks, but is decomposed (PF 5 =PP 3 +F!i) 
by, intense electric sparks, nnd both the glass and the surface of the mcirury are 
attacked by the fluorine ; similarly, T. E. Thorpe, and H. Moissan found that it is 
not affected by feeble electric sjiarks if mixed with hydrof/en or oxyytin, T. E. Thorpe 
said that the pentafluoride is decomposed by water, forming hydrofluoric and 
phosphoric acids ; if the gas is pure, added H. Moissan, the absorption of the gas 
by water is complete. If a trace of moisture is present when the gas is confined in 
a glass vessel, ^icon tetrafluoride and phosphoryl fluoride are formed, and sorns 
of the alkali in the glass loims a fluophosphate, or phosphate. The pentafluoride 
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ifl not attacked by jliiorine, hot oi cold ; nor does ioSAne attack the gas at temp, 
up to 500 ^. The vapour of vuljihwr at 440 ° bae no perceptible action. T. E. Thorpe 
said that the gas forms a yellow phosphorOB hanniptin t|i.w»niiinflii firiB«^ Pp5.5lm3i 
when brought in contact with dry amiyoma ; this compound dissolves in water, 
and the solu. etches glass. E. Tassel found tiiat phosphorus pentafluoride reacts 
with wUrogen feroxiic at —10°, forming a mass of wl-ltc crystals of phospbonu 
dinitroxylj^tafluoride, PF5.N2O4. The crystals of this compound fume in air ; 
and dissociate at ordinary temp., and particularly when heated FF5.N204^FF3 
-I-N2O4 ; water decomposes it into nitric oxide, and nitric, phosphoric, and hydro- 
fluoric acids ; and cone. sul])huric acid liberates the pentafluoride, forming a sub- 
stance which is decomposed by water, forming nitrosyl sulphate. Returning to 
phosphorus pentafluoride, H. J. Lucas and F. J. Ewing did not obtain isoamyl 
fluoride by the action of phosphorus pentafluoride on boiling dry isoamyl alcohol 
for hrs. II. Moissan found that the ppntalluoride attacks fMinum sponge at 
a red-heat, liberating fluoride, and forming a platinum fluophosphide. 

H. Schulze 4 obtiuned phosphorus oi^y^uoride» or phosphoryl fluoride, POF3, 
by the action of phosphorus pentoxide on a flnoride; T. E. Thorpe and 
J, F. llambly, by heating a mixture of phosphorus pentoxide and cryolite in a brass 
tube, anil collecting the gas over mercury as soon as a sample is all absorbed by 
water ; and U. Moissan, by the action of phosphorus pentoxide on anhydrous 
hydrogen fluoride ; by sparking a mixture of 2 vols. of the phosphorus trifluorido 
with one voL of oxygen, or by passing the same niixtiiro over platinum sponge. 
U. Moissan also made phosphoryl fluoride by the action of phosphoryl chloride on 
silver or zinc fluoride contained in a brass tube fitted with a lead delivery tube : 
POCla+SAgF^-SAgCl-f-POFs. The evolution ol gas begins at ordinary temp., 
and it is passed through a tube containing lead fluoride to remove traces of phos- 
phoryl chloride. A. (juntz used lead fluoride in place of silver or zinc fluoride ; 
and C. Poulenc, and 11 . Moissan obtained tho gas by tlie action of water on plios- 
phoriis dichlorotrillaoriJe : rF3(l2+Il20-=-P0F3+2lltl At ordinary temp., 
jihosphoryl fluoride is a gas which fumes in air ; and if thoroughly dried, does not 
attack glass. According to 11 . Moissan, and T. E. Thorpe and J. F. llambly, its 
analysis corresponds with the formula 1^0F3, and this simple formula is also in 
agreement with their determinations of the vap. density. II. Moissan obtained 
.‘btiB to ;h 71 when the calculated value is 3 -G 9 (air unity) ; and T. E. Thorpe and 
J. F. Hainhly, r) 2 ' 3 , when the calculated value is 32-0 (11 unity). 11. Moissan found 
that tho gas can be condensed to a liquid boiling at — ; and solidified to a snow- 
white crystniline mass melting at — When healed iii a glass vessel, phosphoryl 
fluoride does not deroiupose so easily as phosphorus trifluoride, and it forms silicon 
tetrafluoride and an alkali phosphate. The gus is not attacked by fluorine in the 
cold, and Water absorbs the gas with the development of heat, forming phosphoric 
and hydrofluoric acids ; alcohol acts in an analogous way ; and the gas is likewise 
quickly absorbed by a soln. of chromic oxide, 01 alkali-lye. W. Lange found that 
difluo-dioxypbosiitaoric acidi FOF^.UH, is a product of the hydrolysis of phos- 
phoryl fluoride; and the ions of this acid are present in a soln. of phosphoric 
oxide in hydioiluoiio acid, lie also prepared unmoniuni AifluodioxyphOSphatOi 

H. MoLSBan ^ aaid that when phosphorus trifluoride is treated with water, the 
phosphorus is not converted into a phosphite or a phosphate, but into some com- 
pound which cannot be converted into a phosphate even by boiling with dU. nitric 
acid. M. Berthelot said that the heat developed by the action of water is 107*7 
cals, per mol, a lower value than is the case with tho corresponding chloride or 
bromide. This is because bydrofluophospboroos add, IIPF4, is formed analogous 
to hydrofluoboric or hydrofluosilicic acids: 2PF3-f*3H20=HsP(^+2HF-f-HPF4. 
The acid appears to form an fluopbospbite when treated with dil. alkoli-lye. 
The hydrofluophoBphorous acid is stable enough to resist splitting into a phosphite 
and fluoride by boiling with an excess of alkab-lye. If tho liquid obtained by the 
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action of the trifluoride on water be titrated with etandard alkali eoln,, neing mpthyh 
orange as indicator, it appeaie aa if the reaction ia 5PF|+12HsOaBllHF+4^PO^ 
4 -HPF 4 . The nature cl the decomposition probably Tariee according to the 
conditions. The facte are aleo explained by aeauming that a phoaiphoiyl ntmo- 
flouide^ POF, ia formed. Bo that the nature of the reaction has not yet been 
eetabliehed. 

Some fluophosphates obtained by H. Briegleb, and others have been diBcueeed, 2. 
20,39. Free inanaiflhBO-afttllwboBplHiriG add. F(0H)4F, has not been obtained, W 
R. F. Weinland and J. Alfa ■ reported potanhim monflflootnliydlortllOphoaduUe. 
P(OH)j(OK)F, to be formed by evaporating equimolar proportions of potassium 
hydropWphate and potassium hydroxide to dryness, diwlving it in fO per cent, 
hydrofluorie acid, and cooling the concentrated soln, by a freezing mixture. 
Colourless, lustrous plates belonging to the monoclinic system are formed; the 
axial ratios are a : b : 0=0*8501 : 1 : 0*0268. The crystals arc stable in dry air, 
but in moist air they lose hydrogen fluoride. The salt cannot be crystallized from 
water or hydrofluoric acid, and it loses hydrogen fluoride when heated. When 
the temp, is high enough the salt mdts to a glass. It gives ofi hydrogen fluoride 
when treated with sulphuric acid. The corresponding mbidinm monoflaotri* 
hydrarthQphoaphate, P(OH)(ORb)F, and cseiinm numoflnotrihydiortluvIuNphat^ 
P(0H)0C8)F, have been reported. 
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§ 81. Fboophonu INdhloiide ud lUdilaride 

According to A. Gautier, i phosphonu dicMoride, PCI 2 , or perhaps PsCI^, cannot 
be obtained by the action of the coitesponding diiodide on silver chloride ; buti 



PHOSPHORUS 


999 


according to A. Besaon and A. Fournier, on anbmittiiig a mixture of phoeplionia 
trichloride and hydrogen to the action of an electric discharge, a colourless liquid, 
bolding in suspension a yellow solid, is produced. After filtration and purification 
by distillation under diminished pressure in an inert atmosphere, the liquid has^a 
composition corresponding with that of phosphorus dirhloride. It is a colourless, 
oily, and strongly fuming liquid. The fuming is not only caused by the action of 
moisture, but also by oxidation, and under certain conditions the hquid takes fire 
Bimutatieously. It boils, with decomposition, at about 180° at 760 mm. press., 
and at 95°~96° and 20 mm. press, without decomposition; it melts at —28°. It 
is decomposed by water with the formation of phosphorous acid and a yellow solid 
of indefinite composition. It decomposes slowly at the ordinary temperature, and 
more quickly when hested, to form phosphorus trichloride and a yellow to red 
solid of indefinite composition, which is possibly a mixture of amorphous phos- 
phorus with other chlorides. 

J. L. Gay Lussac and L. J. Thenard ^ about 1808, and H. Davy about 1610, 
prepared liquid phosphoros trichloride, or phosphoroos chloride, FCI^, by the 
action of chlorine on phosphorus. If the phosphorus be in excess, the liquid 
Irinhloride is formed, and if the chlorine be in excess, the pcntachloride is produced 
os indicated in connection with the la reaction iris vive between these two elements. 
H. Davy said : 

I introduced plioHphonia into a receiver having a siopcork, which had been exhausted, 
and admitted oxymuriatic acid gas. As Bonn as the retort was full the phosphorus entered 
into cnnibubtiun, throwing forth pale white flanios. A white sublimate cellected m the 
cop of thn retort, and a fluid as limpiil as water tricklod down the Bides of the nock. The 
gas Bcemod to be ontirely abaorberl, for, when the stopcock was opened, a fresh quantity 
of oxymuriatic acid gas, nearly as much as could have filled the retort, ontenxi. The 
Bamo phenomenon of inflammation sgain took place, with similar rcsultH. Oxytnuriatio . 
acid gab was adiniUcd until the whole of tho phosphorus was ronsumed. 

The liquid proved to bo phosphorus trichloride, the solid, phosphorus pentachlorida. 
When made by tliis process, the tricliloride is contaminate with the pentachloride. 
Different ways of preparing the trichloride by the action of chlorine on yellow or 
red phosphorus have been devised by J. B. A, Dumas, V. Rekschinsky, U. Grabe, 
A. A. Vanscheidt and V. M. Tolstopiatofi, etc. 

A layer of sand is placed at the bottom of a retort, and a current of dry carbon dioxide, 
or other mort gas, passed through tlio retort. Add. say, 1(H) grms of yellow phosphorus 
- dried liotwpcn iilter-pajjor, and dipped sucee&sivoly in alcohol and in ether — ^thuu pass 
a current of chlurine tlirough the apparatus while the retort is heated with warm water. 
Tho iiibo dclK bring the chlnrino nliould bo movable, for if it is too near thn phosphoruR the 
phosphorus iH^nnies hot and distilfi, forming a red cniBl in the iTp|)or part of tlic rotort ; whilo 
if it be too far away tho action is slow, and the exceSB of phosphorus forms [ihosphonis 
pentachloride by n side reaction. When the action has begun, a tongue of flame projects 
from the tubo delivering tho chlorine. The retort dnra nut then nued heating. Towarila 
the end, when the phoHpJiorus has all disapiieared, heat the retort very gently so as to 
dnve tho trichloride into the rocoivor. The fumes from the exit tube must he led mto a 
stink closet or into a vessel containing sodium hydroxide. The firoduct can be purilied 
by adding, say, 2 gnns. of yellow phosphorus and rndisiilling. The objnet of the phos- 
phorus is to convert any pentachloride into the irichlondo. J. J. Berzelius, and 1 *. L. Dulong 
recommended a second distillation to remove the excess of phosphorus. Moisture must 
be carefuUy oxcluded. 

U. J. J. Levenier found that the trichloride is produced by the action of chlorine 
on phosphorus tetritoxide ; and A. Besson, on phosphoms hemioxide ; T. E. Thorpe 
and A. E. H. Tutton obtained it by the action of phosphorus pcntachloride or of 
hydrogen chloride on phosphorous oxide ; P 40 e+ 6 PCl 5 =:-GP 0 Cl 3 -f 4 rCl 3 ; and 
P 4 O 3 -I- 6 HCI— 2 PCl 3 -h 21 { 3 P 03 . A. Oppenheim found that it is produced when 
cone, hydrochloric acid is heated with phosphorus in a sealed tube at 200 ° : 
2 P-f 3 UCl-=:PH 3 -f PCls- H. Davy, and J. L. Gay Lussac and L. J. Thenard 
made the trichloride by passing the vapour of phosphorus over heated niercurous or 
mercuric chloride ; and J. H. Gladstone edded that n similar result is pbt&mcd 
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with feme aod cnpiio chlorideSj but not with lead chloride. H. 7. Gaultiez de 
daubij observed that the trichloride is formed when sulphur monochloride is passed 
over phosphorus, the sulphur is set free ; E. Baudrimont observed that a similar 
reaction occurs with selenium mono- or tetra-chloride ; and P. Kochliu and K. Heu- 
mann, by the action of phosphorus on pyrosulphuryl chloride— they recommended 
heating sulphuiyl chloride with red phosphorus in a flask fitted with a rofluz con- 
denser as a mode of preparing phosphorus trichloride : 3S02Cl2'l~*«2P— 

P. P. Budnikofi and E. A. ShiloS found that calcium phosphate can be almost 
quantitatively converted into phosphorus trichloride by beating it with silica and 
charcoal os catalyst, in a current of snlphur monochloride: 4S2Cl2+Ca(POB)2 
^2PC]a+CaCl2+3S02+5S. Some silicon tetrachloride, derived from the silica, 
may be present. 

The trichloride is formed by quite a number of metaihctlcol reactions* In 
illustration, J. H. Gladstone showed that it is produced by the action of chlorine, 
or mercuric chloride on phosphorus tribioniide or triiodide ; A. Gautier, by the 
action of phosphorus diiodide on silver chloride : 3Pl2+0AgGl=CAgI+P+2PC!l3 ; 
and C. Poulenc, by warming at phosphorus with the dichlorotriiluorido : 

3PFa4~2PCl3. J. L. Gay Lussac and L, J. Theiiard said that a little 
tricliinride is funned when glacial phosphoric acid is heated with sodium chloride ; 
and H. llosc, when sodium hydrophosphate is heated with ammonium chloride. 
The trichloride is produced during the thermal dissociation of phosphorus penta- 
chloride, and wlion the pentachloride is reduced by many meials, hydrogen, phos- 
phine, etc. — I’/rfc infra, phosphorus peniachloiide. J. Riban obtained the tri- 
chloride by reducing phosphoryl chloride with red-hot wooil-charcoal ; POCli+C 
=-C0+PCl8. 

The physical properties ol phosphorus trichloride. - At ordinary temp., pho.4- 
phonis trichloride is a transparent, colourless, mobile, fuming liquid. H. V. Itcii 
nault^ gave 4-7464 for the vapour density of ])hosjdiorus trichloride, and 
J. B, A. Dumas, 4*7r>, air unity. H. Davy’s value, 1*45, for the spedfic gravity is 
low; l£.L.BufFgave]-GllUatOM-:»971atlO®,andM712at7(5 ; J. I. Pjorre, 
l'f)1 62 at 0° ; W. Ramsay and J. Shields found at ; and l-r)27 at 46-2 ' ; 
and G. Carrara and L Zoppelari, 1*3911 at ir/4® ; A. Sticfelhagen, 1*613 at IS'’ ; 
T. K. Thorpe, 1*61275 and 1-612!)4 at 94^ and 1*40815 nt 75*95^. J. Timmernians 
Bsiimalcd that the sp. gr. of the liquid at —273'’ is 2-11927 ; and nt higlicr kmip., 
r K., D-=2-ll 927-0't)0139^)94T^ O-OelWIira. F. M. Japer 8 values arc iiidieut ml 
below. J. I. Pierre represented the voluuie. r, at between —35^ anil 74-9’ bv 
t;-l-l-0*f)01128G2fl-|-0-Ofl87288ff‘*i+0-07l792;]00^^ and T. E. Thorpe, by v=r\ 
40*001139370 |-O-()5l668O70^4O'O24O120*— when the vol. at 0® is unity. The 
vol. at 75-!)r)° is 1-09827 wJien the vul, at 0^ is unity. II. Kopp found molecular 
volume at the b.p. to be 93’0 ; II. L. BufI, 93-1)1-93-02 ; E. B. K. Prideaux, 93*34 ; 
E. Itabinowitsch, 93-7 : and T. E. Thorpe, 93-34-93-C8. A. Masson, S. Hugdi'ii, and 
J. A. Groshaus studied the mol. vols. of the family of halides ; and F. Ephraim 
calculated that a 10 per cent, expansion occurs during the furmatiem of the tri- 
chloride. 1. 1. Raslowsky studied the contraction during the formation of the halide 
from its elements. K. M. Stakhorsky studied the mol. association of the liquid. 
£. H. Amagat found the compressibility coi^fl. of the liquid at 10-1'’ to be 0*0472 
between 1 and 500 atm. press. ; 0-0454 betwe.en 500 and 100 atm. ; 0*0445 between 
bX)0 and IWM) atm. ; 0*0438 between 1300 and 2(X)0 atm. ; 0-0433 belweeii 2000 
and 2500 atm. ; and O-O429 between 2300 and 3000 atm. P. W. Bridgman found 
the following relations between the press., p kgrm. per sq. cm., and the vol. of the 
liquid; 
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T. W. Richards represented the fjp-curre of a miDilitie of the trichloride up to 
12,000 atm. by p+6200(v— 0-67)=2050. W. Ramsay and J. Shields found 
the surface tenricm of the liquid to be 28*71 dynes per cm. at 16*1°. and 24*91 
dynes per cm. at 46*2° ; and the values for the spedflc QQhBAoa are respectively 
az==3*49 and sq. mm. ; and the mol. sori^ energy at 16*4° is 562-3 er^ 

and at 46-2°, 499*8 ergs. F. Walden gave 0-00414 for the temp, ooefi. of the surface 
tension, and for the sp. cohesion at 0°, a2=4*05(l— O-UOO33B0). F. M. Jager found 
the sp. gr. referred to water at 4°, the specific oohesion in sq. mm., the surface 
tension, a, in dynes per cm., and the mol. surface energy, fi, in ergs per sq. cm. : 
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B. Lorenz and W. Herz studied some relations of the surface tensions of the family 
of halides. N. de Eolossowsky studied the relation between the capillary con- 
stants and the heat of vaporization. 

The mean cuefi. of thermal ezvansion of the gas given by L. Troost and 
P. HautefeuiUe is 0*1)0489 at 1UO°-120° ; and 0-00417 at 125°-i80°. J. I. Pierre 
gave 0-001154 for the coeff. of cubical expansion of the liquid between —36° and 
75° ; T. E. Thorpe, 0-001211 between 0° and 75° ; and P. Walden, 0-00117 between 
0° and 60°. 1. I. Saslowsky studied the relation between the coefi. of expansion 
and the chemical structure. H. V. Begnault found 0-1346 to 0-1347 for the spedflc 
heat of the vapour at constant press, between 111° and 246°. The vapour pressure, 
p mm., of the liquid found by H. Y. Begnault is : 

-ao" -lO" O" W 20" so* 40’ 50* 

p . . . 37 08 62-88 100-55 165-66 233-78 311'30 485-63 674-33 

The rehuKs were represented by log p=4-7479108-8-1684558a®, where log 
a- -1-9968895 ; and C. Antoine gave log p=l-2112{5-6885-lOOO(0+22B)~^}. 
P. do Moudesir also made observations on this subject. F. M, Baoult measured the 
lowering of the vap. press, by organic substances dissolved in the trichloride. The 
boiling point found by J. B. A. Dumas was between 76° and 78° ; fl. V. Begnault gave 
73-8° at 7G()° ; H. L. Bull, 76° ; P. Kochlin and K. Heumann, 75° ; B. Pawlewsky, 

75- 5° ; JJ. Kopp, and L. Troost and P. Uautefcuillo, 78° ; A. Haagen, 70*7° at 745-9 
mm. ; J. I. Pierre, 78-3° at 751-5 mm. ; T. Andrews, 78*5° at 767 mm. ; F. M. Jager, 
75° at 749 mm. ; P. Walden, 76°-76-3° at 763 ; and T. E. Thorpe, 75-95° at 760 mm., 
and 76-25° at 708 mm. N. de Eolossowsky gave 4-36 to 4-G7 for the ebulliscopic 
constant. H. V. Begnault gave 07-24 Cals, for the heat ol vaporization per kilogram, 
and 9-25 Cals, per mol. ; and T. Andrews gave respectively 51-42 Cals, and 7-1 Culs. 
at 78*5° J. Nattercr found that the liquid does not freeze at —115°, but 8. A. von 
(Vroblpwsky and K. OLschewsky gave about -111-5° for the mdtiiig point ; aud 
F. M. JagcT, - [K)°. G. N. Uuntly found that a mol of phosphorus trichloride dis- 
solved in 100 mols of phosphoiyl chloride lowers the f.p. 0*48°— F. M. Baoult gave 
0-63° ; and 8. U. Pickering found that with benzene as solvent, the molar depres- 
sion was 0*6305° to 0-6382°. B. Pawlewsky found the critical temperature to be 
285*5°, and W. Bamsay and J. Shields, 290-5°. L. Eahlenberg and A. T. Lincoln 
measured the lowering of the f.p. of soln. of phosphorus trichloride in nitrobenzene. 
N. de Eolossowsky studied the relation between the coeS. of expansion and the 
latent heat of vaporization. 

B. H. Wilsden studied the energy involved in the electronic shifts during the 
dissociation of phosphorus trichloride. J. Thomsen found for the heat oI lormatURQ 
of the liquid trichloride (P,3C1)— 75-3 Cals.; M. Berthelot and W. Louguinine, 

76- 6 Cals. ; and J. Ogier, 75*8 Cals. J. Thomsen gave 65*14 Cals, for the heat 

wdution of a mol of the trichloride in lOOO mols of water ; M. Berthelot and 

W. Longuinine found that one eq. of phosphorus trichloride develops 63*3 Cals. 
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when trpated with about 100 times its weight of water ; with a soln. of potaBsium 
hydroxide (1 : 50)i ]32'4 Cals. Observations were also made by F. A. Favre and 
J. T. Silbermann, H. W. Schroder van der Eolk, and J. Thomlmson. 

E. Mascart found the index of refraction of phosphorus trichloride vapour to 
be 1-0001740 for Na-light. F. F. Martins, and J. H. Gladstone and T. P. Dale 
measured the index of refraction of the liquid trichloride, and A. Stiefelhagen gave 
for light of wave length A=263, 394, and 763^, the index /ir=;l-6l)4, 1-54274, and 
1-50340, and u*=l -63317 +0-59309A2(A2—l78'822)“*i. A. Haagen gave for the 
refraction equivalent, 44-3. W. A. lUller said that the colourless liquid absorbs 
completely the so-called chemical rays of the spectrum. C. R, Crymble measured 
the absorption spectrum of the trichloride. J. E. Purvis observ^ no absorption 
bands in the ultra-violet. H Davy found the liquid is a non-conductor of electricity ; 
and F. Walden, and A. Voigt and W. Biltz said that at the dectrlcal condnctlvitF 
of the liquid is almost zero— c/dc infra, phosphorus pentachloride. L. Kahlenberg 
aud A. T. Lincoln found the mol. dectrioal conductivity in ethyl acetnacetate to 
be fii.go=^ 0 * 02 G ; and fi^.4^=^0O97 ; and in nitrobenzene, jUs. 4 s=^-U 26 . and fiie-go 
= 0 -M 2 . W. Finkclstein found the decomposition voltw in nitrobenzene soln. 
to be 0-82 volt. H. Schlundt gave 3-72 for the dielectric constant at 18° ; and 
P. Walden, 4-7 at 22 °. A. Bertin found the coeiHcient of magnetic polaiization to 
be 0-51 when that of flint glass is unity. 

The analyses of H. Davy, J. J. Berzelius, J. B. A. Dumas, and P. Eochlin 
and E. Heumann agree with the empirical formula PCIlg ; the vap. density deter- 
minations of U. V. Regnault, and J. B. A. Dumas agree with the mol. formula PCI 3 . 
This result is also in harmony with the state of the chloride in benzene and phns- 
phoryl chloride solo, determined by G. N. Hunlly, and iS. IT. Pickering; and 
W. Kamsay and J. Shields, determinations of the surface energy agree that the 
mol. wt. of the liquid and gas is the same because the association factor is onlv 
1 - 02 . II. Henstock discussed the electronic structure ; aud G. W. F. Ilolroyd gave 
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The chemical properties of phosphorus trichloride.— H. Davy < likened the 
odour of phosphorus trichloride to that of hydrochloric acid ; aud he said that 
the liquid has no action on litmus. P. W. Butjagin found that air with 0-004 mgrm. 
of the trichloride per litre produced very slight symptiims of a disturbance in 
G hrs. ; air with 3 mgrms. per litre caused the death of animals in 3 hrs. As indi- 
cated above, A. Besson and A. Fournier showed that when a mixture of hydrogen 
and phosphorus trichluride is subjected to the silent electric discharge, ]ihosphoTUs 
dichloride is formed. H. Davy said that the vapour burns in the flame of a candle. 
A. Michaelis said that at ordinary temp, phosphorus trichloride shows no very 
marked affinity for oxygen, but it does so at a higher temp. According to W. Odling, 
phosphorus trichloride absorbs oxygen at ordinary temp., and is thereby trans- 
formed into the oxychloride ; and A. Michnelis said that the oxidation is very 
incomplete even after boiling for 3 days. W. D. Bancroft and H. B. Weiscr found 
that when a cold surface is placed in a flame fed with phosphorus trichloridci 
a dull deposit of red phosphorus is formed. 1. Bemsen said that ozone transfonns 
the trichloride into the oxychloride. H. Davy said that the trichloride reacts witli 
water with a rise of temp, and the gradual formation of hydrochloric and pho<^- 
phorous acids: PCl 3 + 31 l 20 =fl 3 p 03 + 3 HCl. M. Trautz observed no signs of 
luminescence during the reaction between phosphorus trichloride and hot or cold 
water. K. Eraut observed that if water insufficient for the complete reaciion is 
added to phosphorus trichloride, some red phosphorus and phosphoric acid may be 
formed : 5 PCl*H- 12 H 20 --= 3 HaP 04 +lDHCl-f 2 P ; and he thought that the phos- 
phorous acid &st formed reacts with the phosphorus trichloride ; FC] 3 -|- 4 H 3 r 09 
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B3H^F04-fSHCI+2P : whereas A. Geuther represents the reaction : IHsPOg 
s= 3 H 3 P 044 'PH 8 ; and PClg+PHs^2P+3HCl. A. Geuther said that the aepara* 
tion of phosphoiufl occurs only with impure trichloride and that the alleged phos- 
phorus is really arsenic derived from the sisenic chloride contamination. A. Besson 
found that when a small proportion of water is used, some phosphoryl monochloride 
may he formed. The reaction was also studied by A. Michaelis ; and G. Carrara 
and I. Zoppekri found that the progress of decomposition in the heterogeneous 
system : water-phosphorus trichloride can be represented by {IjaSt) log al(a—x)—k, 
where S represents the surface area of the liquids in contact ; a, the quantity of 
decomposable liquid ; x, the quantity of liquid decomposed at the timet ; and k 
is the velocity constant 00002Si7. According to A. D. Mitchell, when phosphorus 
trichloride is hydrolyzed by water the solu. produced has much stronger reducing 
properties when first formed than has a normally produced soln. of phosphorous 
acid ; its acidity is 9S per cent, of the theoretical at first, and gradually increases 
during } hr. to the maximum, probably owing to the intermediate formation and 
gradual decomposition of an oxychloride. The duration of increased reducing 
power is greater than can be attributed to the formation of the oxychloride, and is 
most probably due to the presence of the active tautomeric form of pliosphorous 
!icid, r(OH)s, which is slowly converted into the normal form IIPO(OU)2. 
N. V. Sidgwick discussed the nature of the first attack by water on the trichloride. 

H. Moissan said that phosphorus trichloride reacts with fluorine with 
incandesrence, forming chlorine and the pentafluoride. It was shown by F. Donny 
and J. Mareska, J. B. A. Dumas, J. Fersonne, and A. Schrntter, that chlorine 
converts the trichlnride into the pentarhlorido [q.v.)* H. Wichelhaus said that 
bromine forms a compound with the trichloride only in the cold ; A. Michaelis, 
and A. Prinvault said that reaction occurs at ordinary and at elevated temp. 
A. L. Btcrn found a pTOgressiyo subbtitiition and addition of bromine when the 
proportion of bromine and the temp, are varied, C. A, Wurtz said that iodine 
does not react with the trichloride ; and J. H. Gladstone, that iodine dissolves in 
the liquid without forming a compound. H. Ritter said that a soln. of iodine in 
acetic acid forms phosphorus diiodide. 0. G. Moot showed that if the soln. of iodine 
in phosphorus trichloride is allowed to stand for some time, brown trichlorodiiodide 
is formed. J. H. Gladstone observed that liquid bromine sinks in liquid phosphorus 
trichloride without mixing, but if a little iodine is added, a vigorous reaction 
accompanied by the development of heat sets in: ITlg-f I f PBif* hlt'la- 
E. Baudriiiiont said that the trichloride reacts witli iodine pentabromide, foiming 
phosphonis triiodide and pentabromido. A. Besson obtained the iribromido by 
the action of hydrogen bromide on the trichloride, although some chloiobromide 
may be formed, P. IlauteieuillB said that when the triclilorido is heated with 
hydrogen iodide, hydrogen chloride and phosphorus triiodidc arc produred. 
H. L. Snape found that the trichlnride is not attacked 1)y potassium bromide if 
oxygen and moisture be excluded, while potassium iodide furnishes phosphorus 
iodide. E. Dervin said that there is a vigorous reaction with potassium chlorate : 
3PCla4-KC!108=3P0Cl3 -hKCl. 

J. 11. Gladstone said that sulphur does not react with phosphorus triclilorido 
at the b.p., about 78'’, but at 140”, L. Henry found that thiophosphoryl chloride is 
formed. U. Antony and G. Magri showed that phosphorus triehloride dissolves in 
liquid hydrogen sulphide, forming a colourless liquid ; there is a rise of temp, daring 
the dissolution, 100 c.c. of the liquid sulphide dissolving Odl grm. of the inchloride, 
and the soln. is an electrical conductor. G. S. S^rullas, and E. Baudiiniont found 
that gaseous hydrogen sulphide reacts with the liquid, forming phosplionis sulphide 
and hydrogen chloride. W. Biltz and E. Keuuecke found that dry, liquid hydrogen 
sulphide dissolves phosphorus trichloride without the vap. press, of the soln. curve 
showing any discontinuity; and G. N. Gaum and J. A. Willduson found that the 
soln. are electrical conductors. According to A. Michaelis, sulphur dioiide mixes 
with phosphorus trichloride^ but there is no chemiosl action, even at 140'* ; when 
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passed thiough a led-hot tube, the mixed vapours form sulphui, and pliosphoiyl 
and thiophosphoryl ckloiides. H. E, Aimstiong, and A. Michaelis observ^ 
that tho trichloride reacts vigorously with aolphur trioxide, foimiog sulphur dioxide 
and phosphoryl chloride— the former observed that a by-product, possibly phoa* 
phorus dioxymonochluride, is formed. H. Bose also studied this reaction. 
A. Michaelis found that cono. BalphllliG acid on standing in contact with the tri- 
chloride reacts : 2PClg+3H2S04=2S02+p205-h5HCl+II80iCl ; but A, Geuther 
symbolized the reaction ; PCl3+2H2S04=802-|-2HCl+HP03+HS0iCl. 

A. Michaelis found that when the trichloride is heated at 160 ° with solpillir mono-i 
chloride, the reaction is symbolized: 3PCl3-fS2Cl2=FCl5+2rSUl3 ; and with 
thionyl chloride: 3PC]34SOCl2=PCl5-{-POCl3-hFBCl3; ho also found that in the 
cold ^orosulphonic add produces sidphur dioxide and hydrogen chloride, a re- 
action symbolized by A. Geuther : PCls-|-HSO^Cl— F0C1s-|-B02+nUl. A. Michaelis 
found that pyrosnlphiiiyl ddoride reacts in tho cold, forming phosphorus ponta- 
chloride, phosphoryl chloride, and sulphur dioxide. A. Michaelis said that some 
heat is developed when selenium dioxide is mixed in tho cold with phosphorus tri- 
chloride, and the mixture becomes red-hot ; if heated in a scaled tube at 10U°-110°, 
the reaction is symbolized SeO2+2P0l3— Be+2PUCls; and when sdenyl ctaloride 
is mixed witli the trichloride, some heat is developed, and the reaction is symbolized : 
3 PCl 3 H- 3 BeOOl 2 =~ 8 eCl 44 -Se 2 Cl 243 POUl 3 . E. Baudrimont symbolized the reaction 
with sdenium tetraehlc^e": GPCl3+78oUl4=3(fCl5)28c('l4-i ^Sc^C'lz- V. Lenhor 
found that tellurium dioxide is reduced to tellurium. 

E. A. Schneider found that when passed over magnesium nitride at a red-heat, 
a mixture of the vapour of phosphorus trichloride and nitrogen forms no phosphorus 
nitride. H. Per|)eiot found that by noixing soln. of ammonia and of ])hoBphc)rus 
trichloride in carbon tetrachloride, impure phosphorus hexamminotrichloride, 
P(l2.0KH3, is formed, and he represented the reaetiouR with the tri , penia-, or oxy- 
chloride as involving the pnmary reaction: PC'ln-h^^^Nils— PCl„.2nNll3 and 
PCI/ .iwNHs- nNIl4Cl-f P(NU2)». There is a break on tho time-decompoRition 
cui^ e at 2 U 0 °. J. Perzoz also obtained phosphorus octamminotrichloride, 
P('l3.8NIl3. A. Michaelis and A. Geuther found that nitrogen peroxide reacts 
slowly witli wcU-coolcd pliosphorus trichloride, forming pyrophospUnryl chloride, 
phosphoryl chloride, phosphorus pcutoidfle, nitrosyl cliloiidc, nitrogen, and nitric 
oxide ; and J. Perzoz and E. Bloch said that an explosion occurs when the tri- 
chloride is brought in contact with nitrous acid or with nitric add. II. Duvy siiid 
that warm phosphorus trichloride dissolves a little jihosphorus, and when the 
soln. is exposed to air, it deposits a film of phosphorus ; while paper moistened 
with the soln. takes fire in air as soon as the liquid has evaporated : if the soln. be 
expo.scd to air in daylight, hydrated phosphoric acid is deposited , anti, accorrling 
to U. J. J. Leverrier, in sunlight, phosphorus tetrituxide is dcpo.sitcd. J . J . BcrzeliuM 
said that when tlie soln. is treated with water it forms hydrochloric and phosphorous 
acids with the deposition of clear, transparent phosphorus. H. Rose, and K. Mahii 
found that the trichloride reacts with phospl^, forming hydrogen chloride and 
phosphorus ; A. Besson said that hydrogen diphosphide not phosphorus is pro- 
duced ; and P. dc ^'ilde found that purified phosphine reacts only slowly, and that 
hydio^ heniiphoqihide vapour reacts producing hydrogen chloride anil hydrogen 
diphosphide, not phosphorus; phosphuuium iodide reacts with the trichloride, 
forming hy^ogen chloride, phosphine, hydrogen diphosphide, and phosphorus 
diiodidc. A. Michaelis and M. Fitsch represented the reaction with bypopboS- 
phorous acid: 4HaP0242PGl3=P40-|-HsP03+H8P04-f6HUl. A. Geuther gave 
SHaPOa-f PU13=2H3P0842P43HCL T. E. Thorpe and A. E. H. Tution found that 
phospborous oxide has scarcely any action on the trichloride at ordinary temp., or 
at the b.p., but at 180 °, 5P4Ofl45PCl3=3PCl5+6P2OB+10P. A. Naquet found that 
with pb^horcniB add, phosphorous oxide is formed ; and A. Besson rqiresenicd 
the reaction with a cone. soln. of phosphorous acid : 2fl8P0^+2PCl3^6HC14'^4^^fl> 
and p40e=P204Fs05. When the triddoride is heat^ with phogphorio add on 
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a wat(5r-bath| A* Geuthar Bjmbolized the reaotioii: SH3P04-{-K!l8^3HP0^ 
4'H3FPg+3H01 ; followed by a reaction between the trichloTide and the phoa* 
phorous acid producing metaphosphoric and pyrophosphoric acida. He symbolized 
the reaction with pyrophofiidioric add : 3H4P2O7+FCI3— 6 HFOg+HsPOa+ 3 HCl, 
along with the formation of some red phosphorus. According to F. Erafft and 
U. Neumannii, anenic and phosphorus trichloride do not react at 320°, but if a 
little arsemc chloride be preaciit, the reaction is almost quantitative at 200°. 
J. V. Janowshy symbolized the reaction with andne : AbH3+PC13=PAs+ 3HC1. 
A. Michaelis found that antenic triozide is reduced to arsenic at 100'", and at 130°, 
he symbolized the reaction : 6AB20^+6PCls=iAB-f6AsCl3+3P205 ; but arsenic 
penlmde does not react with the trichloride at 200°. H. Moissan observed that 
with arsenic trifluoride, some dark brown arsenic is formed. A. W. Cronander 
obtained a crystalline mass of ofsenic phosphoctochloride, ABCl5.PCla, by dissolving 
phosphorus pcntachloride in arsenic trichloride. E. Beckmann said that acBCniC 
tiiiodide is sparingly soluble in phosphorus trichloride, while P. Walden found the 
dried arsenic triho^es to be all fairly soluble in that menstruum. E. Bandrimont 
showed tliat heated antimony reacts with phosphorus trichloride, forming antimony 
trichloride and phosphorus ; and F. Kraflt and R. Neumann studied the reaction 
at 2fH)°. R. Malm said that stibine does not react with phosphorus trichloride. 
A. Michaelis fund that the tricliloride reacts with antimony tiiozide, producing 
red p)ios])liurus and aiiHinony trichlnride ; and with antimony pcntozide the 
reaction is symbolized: SbjOs-j-'jPtHa— 2Sb()lj-|-P205. E. Beckmann said that 
antimony triiodidc is sjj.iriiigly soluble in phosphorus trichloride, but P. Walden 
said that antiiiumy trihulidcs arc all fairly soluble. H. A. Kohler observed that 
phosphorus trictiloride reacts with antimony pentadiloiide, forming a complex 
2SbCi5+PL’l3-“fc5l)(''l;|-l Fds.RbCls. A. Michaelis showed that bismath forms a 
little pliosplioruH wlieii heated with phosphorus trichloride ; and at ]til)°, in a sealed 
tube, bismuth oxide reacts with phosphorus trichloride, forming bismuth dickloride 
and pho.sphii1o, and bisiiiuthyl and pho.sphoryl chlorides. F. K. Brown and 
J. E. Snyder observed that Vanadium oxytricUoride is reduced by phosphorus 
trichloride, forming a iirccipitatc. 

G. Gustavson observed no reuctinn with boron tcioxide when heated with 
phos])horns trichloride for 2 weeks at 2 (X)° ; J. Tariblc showed that with boron 
tlibromide, a complex boron phoftpliohexahroinolrir/doridc, 2BBr3.PUl3, is formed. 
Plios])]iorns trichloride reacts with numerous organic compounds— alcohols, 
arid anliydrides, acids, etc.- forming chlorides. It is uu important reagent in 
many organic syntheses. A. (j. Page discussed its use as a catalyst in organic 
chlorinations. This subject was also discussed by Lassar Cohn, i'hospliorus tri- 
chloride is used as a reagent for replacing hydroxyl groups by chlorine. It was first 
employed for this purpose by A. Bcchanip in ISjG, who found that acetic add, 
CH3GOOH, could be converted into acetyl chloride, CII3COOI, by a reaction sym- 
bolized: 3()H3C001I-|^PC1 j‘*H 3PC)8-1-3GH3U0CI. This principle is applied in 
determining the number of hydroxyl groups in acids — e.q. sulphurous and sulphuric 
acids. Many of the oxy-halides ran be regarded as products obtained by replacing 
the HO-group in the acid by chloride— c.y. (I10)4p203, pyrophosphoric auid furnishes 
pyrophosphoryl chloride, F2O3CI4. The action of phosphorus trichloride on the 
aliphatic alcohols was studied by A. B^champ, and T. Milobeiidzky and 
A. Sachnowsky. The first product of the reaction is the normal phosphorous 
ester which is decomposed by the liberated hydrogen chloride into acid ester and 
alkyl chloride. J. W. Walker and F. M. 6. Johnson represented the reaction 
with methyl, ethyl, and n-propyl alcohols by the typical equation : Pl^ls-fSCHsOH 
=2CH8C1+IIC1-1-P(OH)2(OCH3). V. Auger found that phosphorus tricliloride reacts 
at — 20 ° with methyl, ethyl, or propyl io£de to form alkyl phosphines. B. T. Brooks 
found that whou acetic acid reacts with phosphorus trichloride, in addition to acetyl 
chloride there are simultaneously form^ small quantities of acetyl anhydride and 
of acetyl phosphorous acid, (CH3G0.0)F(0H)2. P. Cane found that the trichloiida 
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reacts with ityoend, and with jd^cd • in the fonner case, phoephoroiia estera are 
formed. P. Walden found the trichloride to be a good advent for numeroas oiganio 
compounds, but not for many inorganic compounds. S. Mahn said that "law 
was not perceptibly affected by phosphorus trichloride. A. Bertrand obtained 
arith titanium tetrai^oride the complex iiianium pho 9 p}u)}i€pL(u^ TiCl4.PCl3, 
in crystals melting at 65 - 5 °. T. Earantassis observed that phosphoyiB trichloride 
undergoes double decomposition with titanium tetiaiodide» but the reverse reaction 
does not occur even in sealed tubes at 200°. It is concluded that the chlorides of 
the tervalont metalloids undergo double decomposition with the lodidM Ol carbon, 
aOiocm, titanium, ziiooiiium, Iborium, germanium, and hafnium, but do not react 
with stannic chloride. 

H. Davy said ihat> potassium burns vigorously in the vapour of phosphorus 
trichloride, and J, II. Gladstone observed that the trichloride sets fire to potassium. 
H. Beutler and M. Polauyi observed chemiluminescence in the reaction with 
Bodinm; and V. C. Vouruasoa represented the reaction with heated sodium: 
PClj|-|‘€Na=3NaCl-|-Na3P ; and in boiliug toluene soln., potassium furnishes 
potassium chloride and phosphide. According to A. Granger, when the vapour 
of the trichloride is pass^ over heated copper, or when copper is heated with the 
trichloride, crystalline copper diphosphide is formed ; L. Wolf also studied this 
reaction. According to J. H. Gladstone, the liquid trichloride does not react 
with sQver, but after shaking the mixture 2 weeks at 100°, L. Wolf found the 
reaction: ?Cl3+3Ag=3AgCl-fP occurred. L. Wolf found that phosphorus 
trichloride has only a slight action on magnemiim, W. T. Casselmann, L. Wolf, 
and D. Ueiuitzer and H. Goldschmidt found that with zinc at 100 °, zinc chloride 
and phosphorus are formed ; and G. Denigta said that dry zinc powder does not 
act on the liquid. L. Wolf represented the reaction which occurs when morcaiy 
is shaken a long time with phosphorus trichloride as forming mercury and mercurous 
chloride ; and with aluminium at 100°, PCls+Al- AICI3+P. J. L. Gay Lussac 
and L. J. Thcnaid said that when the trichloride is heat^ with iron filings, ferric 
chloride and iron phosphide are formed — k. Granger represented the phosphide so 
produced by Fe4l3 ; and for the corresponding case with nidtal, and later, 
Ni2p ; and with Cobalt at 500 °, C02P. 

A. Michaelis represented the reaction with copper oxide, 17 CuO-j- 5 PCl 3 
=2Cu3(P04).2+l()CuCl+CuCl2+POCl3 ; and with mercury oxide he employed 
an analogous equation. At 160 °, stamic QXide reacts: 5 Sn 02 +iF(^ 3 ~ 48 nCl 2 
-f-SnCl4-f'-P2C)5 ; and W. T. Caaselmann obtained no complex with stannous 
(boride ; lead oxide does not react at 160 °, but at higher temp., 6PbO-f-2PCl3 
=Pb(P03)2+3PbCl2+2Pb ; and with lead dioiide, 4PbO2+4Pni3=Pb(P0^)2 
+3PbUl2+2FOCl3 ; A. Michaelis said that phosphorus trichloride reacts with 
potassmm dichromate : 30K2Cr2O7+42PCl3=18KCrO^Cl+ir)KPO8+42CrO2 
+27KC1+27P<K;13; with ctaromyl chloride: 4Cr02Cl2+6PCls=.4CrCl3+rCl5 
-I-3POCI34-P2O5 J or CC^02Cl2^-9PCl3“6CICl8-|*7POCl3'4■P^O3 ; H. S. Fry and 
J. L. Donnelly said that the violence of the reaction can be moderated in soln. of 
dry carbon tetrachloride when a complex ehrowyl jJiosph^ryUeLraiCldofidej 
CrOCLPOC]3, is formed. It is decomposed by water. According to A. Michaelis, 
phosphorus trichloride produces only a superficial green film on tongsten trimide at 
200° ; and with molybd^um trioxide, a superficial blue film ; hut in a sealed tube at 
160 °: MoQs+PMs- - MoOg+POCla. followed by 3Mo03+2POCls==3Mo020l8+P206; 
maDganese dioxide, and lenie o^e are not attacked. E. Baudrimont found 
that with potassium, calcium, or barium sulphide, at a red-heat, the correspond- 
ing chloride and phosphorus sesquisulphide are formed ; with mercuric sulphide, 
both mercuric and mercurous chlorides are formed as well os mercury thiophosphide, 
and if the phosphorus chloride is in excess, phosphorus sesquisulphide is produced. 
At a red-heat, antimony trisulplude forms antimony trichloride and phosphorus 
sesquisulphide— and may be a red antimony thiophosphide. The action on lead 
guvhide is similar. L. Wolf found cuprous Chloride fo^hes dicoproUfl phOQhih 
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pmttdllaiMab and a similar prodnct is obtained with coimiB hromide ; no addition 
pioduot is formed with iQw chloride at tnomide. Phosphorus trichloride was 
found by H. Moissan to react with rilvw flnaridei forming phosphorus trifluoiide. 

L. Wolf observed the formation of no complex salt between phosphomB 
trichloride and metcaiy chloride oi bramidet but H. Moiinan found that the 
trichloride forms a complex with rinc flnoride, and, aeoording to A. Gunts, with 
lead flnoride. L. Lindet obtained complex salts with amons nWiwM" and 
ainoaa hromide, namely, anrons phosphotrichlorohromide, AuBr-FClg, and 
anrone phoepho^ac h l eri de, AnCl.PCIg. M. Levi-Mslvano added phosphorus 
trichloride to a suln. of anric chloride in ether and obtained auric phoeiflio- 
hnachloridB, AuCl 3 .PClj|. F. Schiitzenberger also obtained with idatmona 
chloride, the complex platinoOB phoephopentaoliloride, PtCli.PCln ; and P. Schiit- 
zenbor^r and H. Fontaine, platiiioas diphosphoCDCtochlori^ PtCll2.2FClji ; 
G. Geisenhoimer, and M. F. Scliurigin, iridinm triphoephododecadiloii^ 
IrfFClslaCl] ; and G. Oeisenheimer iridinm faiphcephopenfariecachloride, IrPsClig, 
but M. F. Sishurigin could not make this. E. Fink obtained palladons phOBpho« 
pentaddoride, Pdd^ PCla, and palladons phosdUNstochloride, FdCl 2 . 2 FCl, ; and 
M. F. Schurigen obtained mthenio pentaphoBflioeiineadecachloride, Ilu2(rci3)5^. 
M. F. Rchnrigen represented the constitution of these products by the co-ordination 
formuhe with phosphorus trichloride taking the place of ammonia in the ammines. 

P. Biginelli ^ observed that phosphine unites with mercuric chloride to form a 
yellow mass ; and P. Lemoult obsmvod the formation of an nnstablo intermediate 
product when phosphine acts on an aq. soln. of mercuric chloride and potassium 
rhloride. If the gas be confined over the liquid and suddenly shaken, the resulting 
yellow precipitate can be dried in vacuo over sulphuric acid. Its composition 
corresponds with phosphoros triochloromerciiriatc, P(HgC!l]<|, or I]gO] 2 .Png 2 Cl. 
11. Rose obtained a product approximating to a hrmUnhiflrait by the action of 
phosphine on an aq. or alcoholic soln. of mercuric chloride. A. Portheil and A. van 
ilooren worked with an alrohoh'c soln. and said that the phosphine should be 
dilated with an inert gas. D. Vitali obtained a similar substance. The yeUow 
product is decomposed by heat ; by boiling water ; cone, alkali-lye ; hy^ogen 
sulphide ; and by dil. nitrio acid. For analogous reactions with mercuric bromide 
and iodide, vtde in^a. 
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S 82. Phoflphonu Pentachluide or Phosphoric Chloride 

As pioviouhly indicated, thiA compound in formed bb a white solid when 
phosphoius is hurnt in contact with an excess of chlorine. It was first made by 
H. Davy ^ in this way in 1810, but its nature was not definitely established until 
IBIO, when P. L. Dulong’s analysis, translated into modem symbols, showed it to 
possess the ultimate composition FCI 5 . It was also analyzed by J. J. Berzelius, 
W. T. Casselmann, and E. B. B. lUdeanz. The vapour density presents an 
anomaly. The theoretical value, according to Avogadro’s law, is 7-22, the value 
observed by A. Cahours is 5-OB at 182^ and at temp, exceeding 300°, it has the 
constant value 3-65, which is about half what was anticipated. In the struggle of 
Avogadro's hypothesis for recognition (1. 5, 7), the advocates of the atomic theory 
attributed the anomaly to the dissociation of the molecule with rise of temp., 
PC] 5 ^F 01 j+C'l 2 . This stimulated quite a number of observations on the subject. 
The general results show that phosphorus pentachlonde is only partially dis- 
sociated at the lower temp, of observation employed by A. Cahours, and that 
dissociation is complete above 300°. When due allowance is made for this dissocia- 
tion, the vapour density agrees with the formula FCI 5 . ThU formula also agrees 
with G. Oddo and E. Berra’s determination of the mol. wt. from the effect of the 
pentachlonde on the b.p. of carbon tetrachloride. Historically, phosphorus 
pentochloride played a part in the development of the concept of valency- -rule 
supra, the valency of phosphorus — and in the idea of the so-called molecnlai 
compounds. 

Phosphorus pentachloride is made by the action of an excess of chlorine on 
phosphorus, or by the action of dry chlorine on phosphorus tnchloride. Moisture 
should be rigorously excluded so that the two components should be thoroughly 
dried. Since phosphorus pentachloride is a very unpleasant substance to 
manipniate in air, owing to the fact that it rapidly absorbs moisture, forming 
hydrochloric and phosphoric acids: PCl 5 -f- 4 H 20 = 5 HCl+H 3 P 04 , H. Davy, 
E, Baudiimont, etc., found it best to make the compound in the bottle in which 
it was to be preserved. Fit the bottle with a three-hole stoppei^-one hole for 
the tube bringing in d^ chlorine, one for the exit of the chlorme, and the third 
for a tap funnel by means of which phosphorus trichloride can be run into the 
VOL. VUL 3 T 
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Ghloiine drop by drop. Much beat is evolyed during the reaction, bo ibat it » well 
to keep the vessel well covered by a freezing mixture. H. A. Taylor desoribed a 
modification of the process. W. Biltz and K. Jeep studied the thermal diagram 
of mixtures of phosphoios trichloride and chlorine, and the incomplete results, 
Eig. 19, are not incompatible with the assumption that a still higher polychloride 
exists. H. Muller obtained the pentachloride in crystals by 
passing chlorine into a soln. of phosphorus trichloride in carbon 
disulphide, when most of the iientacUoride is precipitated as 
fast as it is formed. A. Michaelis made the compound by 
heating phosphorous chloride with sulphur monochloride: 
3P('l3+S2n2— PCl5+2PSClg, similarly with thionyl chloride ; 
the preseuro of a trace of iodine acts as a stimulant on 
the reaction; 3Rl5+SOCl2‘=POl5+POOl3+PSCl8, and an 
83 per cent, yield can be obtained. H. Davy, and T. Thomson 
observed that the pentachloride is produced when chlorine is 
passed into phosphine , and K. Mahu obtained it by the action 
of phosphine on antimony pentachloride: FHs-flSbCI^ 
FCI5 ; and A. J. Balard, by the action of chlorine on the pentu- 
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bromide. W. T. Casselmann said that phosphorus trichloride slowly decomposes 
on keeping, forming phosphorus and its pentachloride, but this observation needn 
verification. A. Michuplis and M. Pitsch obtained the pentachloride by the actiou 
of an excess of chlorine on phosphorus tetritoxule ; A. Besson, on the heinioxide 
in the presence of carbon tetrachloride ; T. E. Thorpe and A. £. U. Tuiton, on 
phosphorous oxide ; and H. Quantin. by heating ferric phosphate, or calcium 
phosphate, in the vajiour of carbon tetrachloride. (\ Poulenc healed phosphorus 
trifluodicldonde to 200*230°, and exposed it to the action of electric sparks: 
f>PF3Cl2-3PF5+2Pri5. 

Pliosphorus pentachloride at ordinary temp, is a wiiite, cryKt>alline powder 
which fumes in air. Accorilmg to P. Kremers, and A. Khrhaehs. it forms a mass of 
columnar crystals when cooleil from the molten mass ; and when obtained from a 
mixture of thionyl chloridt*, or, according to B. ('oienwinrler, by tiie action of 
chlorine on a sat. soln. of phusplmriis in carbon disulphide, it appears in rhombic 
plates which, according to A. E, Nordenskjold, belong to the tetragonal syKtein, 
and have the axial ratio a : r 1 E. B. U. Prideaiix found the sp. gr. of 

the solid at 1(K( to be 1-bOl, tho sp. vol., 1HI2D : and the mol. vol., 128-9. The at. 
vuL of the contained pliu^phonis is Vrli), The thermal expansion rcpreseiitpil 
by the vol,, v, at 0\ between 160'* and llHr is r -l+0*(»0l07d. E. Mitacherlich - 
found the vap. density to be (air unity) at 183' ; and A. Cahours gave for the 
vap. densities at different temp., 


182^ 2aic 2.40* 2r.O® 274* 800* 327* 3.10’' 

Vap tlenmly . 5 U78 4 Kr>l 4 302 3 U9J 3 h40 3 <>34 3*1156 3 650 

Dibisoriation . 41-7 4S5 67*4 60 67*5 06 2 1)7-3 97 3 per cent. 

60 that above 300°, the vap.^^deiisity corresponds with 3*61, that of a mixture of 
equal vols. of phosphoru.s trichloride ond chlorine. H. St. T. Dcville noticed that 
the vapour ha.H a yellowish -green colour at the higher temp This is due to tho 
presence of free chlorine ; the colour b(»comes darker the higher the temp. Paper 
moistened with starch and potassium iodide solo, also shows a blue coloration, 
chaiacterihtic of that produced by chlorine, when immersed in the vapour of 
phosphorus pentachloride at ir)7'‘*158°. A. Naumann calculated tho percentage 
dissociation of the vapour, and his results are indicated above. A. Bmith and 
R. H. Lombard obtained the following values for tho vapour density ; 

DO* 100* 120* 140* lOO* 

Graina per c p. 0-0,197 0 0,332 0*0,929 0 0,22^6 0*0,4933 

Mole per litre 0 0»91fi OOU159 0*00446 0*01096 0*02366 
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vapour density at 90" is rather greater than the valae required for tne un- 
disBociated vapour ; hence it is inferr^ that in the vicinity of 100°, some mob. of 
the vapour are associated into compleoces. Above 110^» dbeociation b evident. 
The dissociation of the pentachlo^e will be represented by the equation: 
ra^^FCl^+Ols. If (7poi,i Cpcii|» and Cn^ respectively denote the cone, of phos- 
phorus pentachloridej phosphorus trichloride, and of chlorine, then, aceoiding to tiie 
mass law, for equilibrium : fcCpci|=i'Cpci,Coi,. Suppose that 1 grm. of phoe- 
phoruB pentachlorido be heated in a closed vessel of vol. v. Let « represent the 
fraction dissociated at any given temp., then there will be Cpcij> or (1— ®)/e mob. of 
the pentachloride per unit vol. ; Cpci,» or xjv mob. of the trichloride ; and Cci,, or 
xfv mob. of chlorine. Hence for equilibrium, the preceding equation reduces to 
K=klk'=-x^l(l^x)v, It follows that by increasing the cone, of one of the 
products of the reaction, the dissociation of the pentachloride will be restrained. 
C. A. Wurtz confirmed this by showing that in the presence of an excess of the 
trichloride or chlorine the vap. density b near that required for the undissociated 
pentoxide. B, Wegseheider showed that in C. A. IVurtz’s experiments the db- 
Bociation amounted to only 3-10 per cent. The reaction has been abo studied by 
H. Wichelhaufl, L. Troost and F. Hautefouille, H. Debray, A. Horstmann, 
J. W. Gibbs, 0. Brill, S. Dushman, B. Wegseheider, P. Blackman, C. HoUand, and 
A. Smith and B. P. Calvert. A. Smith and B. H. Lombard gave for the dissociation 
press., p, of phosphorus pentachloride : 

90* inO» no* 120* 130* 140" IW 160" 

p . . . :(5 G7 117 191 294 445 670 mm. 

They represented the results by log p=—6724'22r"i— 19-1978 log T+68-9701 
for press, up to 100°. Ihb result enables the mol. heat of vaporization to be 
calculated : 

oo* 100 - no* 120 * no* j3o* loo* 

Ileiit of vapori/ation . ■ 142 166 166 169 156 14 0 14-9 Cals. 

W. T. Casselmann 3 paid that phosphorus pentachloride sublimes without melt- 
ing when heated in air, but a very slight increase of press, suflices to melt it ; 
vobtilizatioii occurs as low as 100'’, and it sublimes rapidly at 160‘’. A. Naumann 
said that the b p. is 1(K)MG3‘’. £. B. R. Frideaux found that a thermometer 
placed in the vapour of pho«<phorus pentarhloride subliming freely, and condensing 
on the bulb, reuiains steady at 160°. When the hquid pentachloride is slowly 
cooled, it begins to solidify at 162°. H. U. Pickering measured the lowering of the 
f.p, of benzene by phosphorus pentachloride. C. Feliciani found that the vapour of 
the pentachloride at 100 mm. press, has a thermal conductivity of 0'U00165 at 148°, 
and 0-000234 at 201°. There are maxima, 0-00032 and 0-00033, respectively, at 
230° and 270°, with a minimum of 0-000276 at 248°. M. Bertholot gave for the 
heat of formation (P, 5(1)- -107*8 Cab.; J. Thomsen, (P,5Cl)=104-90 Cals., and 
-29-C9 Pals. The heat of decomposition of phosphorus pentachloride 
by water was found by J. Thomsen to be 123-404 Cab. ; J. J. B. Abria, 102-368 
Cub. ; T. Andrews, 109-504 Cab. ; and P. A. Favre and J, T. Silbermann, 100*373 
Cals. M. Berthclot and W. Longuinine found that one eq. of phosphorus penta- 
chloride reacts with water evolving 118-9 Cab., and with a soln. of potassium 
hydroxide (1 : 50) evolving 220-1 Cals. The subject was discussed by 11, W. Schroder 
van dor Kolk, and J. Thomliiison. C. B. Crymble measured the absorption spectrum 
of the pentachloride. H. Davy, H. L. Bu^ W. Hampe, and A. Voi^ and W. Biltz 
said that this chloride b a non-conductor of electricity, Phosphurus pentachloride 
behaves like an electrolyte in a suitable solvent — eitfe ia/ra, phosphorus penta- 
bromide. A sat. soln. of phosphorus pentachloride in nitrobenzene was shown by 
Q. W. F. Holroyd to be a conductor, and the introduction of phosphorus trichloride, 
and of hydrogen chloride reduced the conductivity ; a soln. of the pentachloride 
in ethylene dibromide, benzene, or phosphorus trichloride passed no currentp 
II. Henstock, and B. Bi^plen discussed the electronic structure ; and in accord with 
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the eholirolTtic oharadiei of the peatachloride, G. W. F. Holroyd repieaented ih« 
electxonio Btniotnre, in n maimer analogom to that of ammonium oUoride : 



According to T. M. Lowry, it is a general role that if one atom shares two electrons 
with another, but contributes both electrons to the common stock instead of only 
onoi it acquires a positive charge, whilst its neighbour (which has acquired a halt 
share in two electrons not originally belonging to it) becomes negatively charged. 
E. B. B. Frideauz added that rega^ng the PCI5 mol. in this manner we see that 
the pail of chlorine atoms are both united to the phosphorus by a single duplet, 
and thus completely take the place of an oxygen or sulphur atom, and may be 
nq)laced by these but ni»t by OH-groups. The ^th phosphorus valency is an electro- 
vdency, but is not quite the same as an ordinary electro valency : no electron has 
passed across and there is no ionization possible, except by passing into the tauto- 
meric form of the h'HACl-type. That this mode of union may be a strong one is 
shown by the fact that FF5 does not behave as a iluorinating agent. In the case 
of all halogen compounds which show that maximum valency of the element, 
halogen atoms equal in number to the hydrogen (or alkyl) valency in each ease and 
replaceable by OH are unit-ed in a different manner from the remaining halogen 
atoms which are replaceable by oxygen or sulphur, or are left free in the lower 
valent compounds. This gives for phosphorus pentachloride : 

Cl 

Cl-r ^ CJ, 

Cl^ 

explaining the easy detachment, by gaseous diasocintion, of the two chlorine atoms. 

The cbemical properties ol pbosphorus pentachloride.— There ure two 
important characteristics of the chemical reactions of phosphorus pentachlonJc : 
(i) The facility with which chlorine is given up by the sciasiuii of the molecule : 
this shows itself by its acting as an energetic clilorinating agent; and (ii) The 
tendency of phosphorus pentachloride to unite addi lively with other chlorides 
to form complex compounds. £. Baudriniont^ found that a mixture of the 
pentachloride with hydrogen when passed through a red-hot tube, furnished .<)ome 
phosphorus, phosphine, hydrogen chloride, and phosphorus trichloride. H. Uuvy 
said that the pentachlorifle bums when placed in the flame of a candle , and when 
the vapour is mixed with oxygen and passed through a red-hot tube, phosphoric 
oxide and chlorine are formed, and, added E. Baudrimont, some phosphoryl 
chloride is produced at the same time. J. A. Wanklyn and A. Kobinson found 
that the vapour at 3 ri 0 ^ begins to oxidize in air. According to H. Davy, phosphorus 
pentachloride reacts with water, forming phosphoric and hydrochloric acids; 
PCl5-l-4H20=IliF04-hi)HCl ; but with steam, 0 . A. Wurtz observed the forma tiun 
of pho.sphoryl chloride; H20-f-F0l5=F0Clg-l-2HCl. G. Oddo assumed that 
when a mixture of phosphorus pentachloride with vaiying quantities of water 
is heated in a reflux apparatus, there is evidence of a step-by-step formation of the 
products : (i) CI4F.O.FCI4 ; (ii) ClaF-Oa-PCla ; (iii) ; <iv) (POgCljz; 

and (v) PzOg. The first and penultimate products have not been isolated from 
the products of the reaction. With the mixture 2PCl5-t-Tl20, half of the ponta- 
ohloride is converted into oxychloride, the rest being unchanged ; the mixture 
2PCl5-|-2H20 yields the theoretical amount of oxychloride ; the mixture 
2PGI5+4H2O, or (l'0Cla)2+H20, gives mainly oxychloride accompanied by a 
little pyrophoaphoryl chloride, P2O3CI4, and phosphoric oxide ; and with the pro- 
portions 2PClg-flH20, or (P0Clg)2-|-3H20, the same prodnets as in the previous 
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em ire obtainedi the amount of ozynhloride beiiig ooneiderably diminiihed, and 
that of phosphoiio oxide correspondingly increased, M. Tiauta otiseryed no 
lumiuQSoenoe when phosphorus pentachloride reacts with cold or warm water. 

H. Moissan found that when the pentachloride is treated with Afinriiin, the 
whole mass becomes incandescent, and the pentafluoride is formed ; hhlorina and 
hromina have no action; and W. Biltz and E. Meinecke observed that tbs 
pentachloride is insoluble in liquid chlorine ; and K. H. Butler and D. McIntosh, 
that the pentachloride has no action on the b.p. of liquid chlorine. According 
to E. Baudrimont, iodine reduces a part of the pentachloride and forms an 
addition product, phosphorus iodohexachloride, PCI5.ICI, thus : SPCls+Is^PCiU 
+2FCl5(ICl). G. Ooie found that the pentachloride is vigorously decomposed 
by dry hydrogen fluoride at — 18 ° to — 29 °, forming a white powder ; and 
the pentachloride dissolves in liquid hydrogen ddoiide, forming a colourless 
Boln. J. H. Gladstone said that when heated with hyd^en faromide there is 
no reaction ; but with hydrogen iodide, C. A. Wurtz observed the formation of 
phosphorus trichloride, hydrogen chloride, and iodine. W. Spring said that when 
ohloiine trioxide is passed over phosphorus pentachloride, there is often a vigorous 
explosion, chlorine monoxide being formed. B. Weber said that iodio add decom- 
poses the pentachloride at ordinary temp. H. SchiS observed that with potasrium 
chlorate, phosphoryl chloride is formed. 

J. H. Gladstone, and E. Baudrunont found that when phosphorus pentachloride 
and sulphur arc fused together, thiophosphoryl chloride is formed. H. Goldechmidt 
obtained 8ulj)hur monochloride by the reaction : 2S+PCl5=PCl3H-S20l2 ; and 
0 . Ruff found a soln. of phosphorus pentachloride In phosphoryl chloride reacts 
with sulphur in the presence of iodine forming sulphur monochloride. 6. S. S^ruUas, 
and £. Biiudrimont represented the reaction with dry hydrogen sulphide : 
PCl5+H2S==2HCl+PSCl3 ; while if a mixture of the two be passed through a 
red-hot tube, hydrogen chloride and phosphorus pentasulphide are formed. 
W. Blitz and H. Keunecke found that thiohydrolysis occurs when liquid hydrogen 
trisulphide is bi ought in contact with phosphorus pentachloride. H. Schiff 
represented the reaction which occurs when the pentachloride is warmed with dry 
sulphur dioxide by PCl 5 -|- 802 =~P 0 Cl 3 +S 0 Cl 2 ; F. Kiemers, and J. Pereoz and 
N. Bloch seem to have tlioughl that the product was a chemical individual — 
the former called it schurfliqsaures Phosphoruhloridt and the latter chlorophosjthaU 
biactdsulphvi A. Michaelis, and K. Heumann and P. Kochlin represented 
the reaction with dry sulphur tiioxide : F0l5+2S0^=S2O5Ul2+POCl3; the 
reaction is slow, and requires the application of heat ; if the phosphorus penta- 
chloride is in excess, the pyrosulphuryl chloride is decomposed S2O5CI2+PCI5 
=P0Ul3-|-2Cl2+^S02, and no thionyl chloride is formed. The reaction was 
examined by A. W. Williamson, and U. Rchiff. A. Michaelis reprcBented the 
reaction with cone, sulphuric BCid : 3H2SO4+PCI5 -8S02(0H)Cl+HP03-f-2HCl ; 
and the chloiosulphonic acid reacts : 2S02(0II)Cl+PCl5=:S20&(^l2+**^li^l+PGCl3, 
S- Williams represented the reaction ; PCl5+II«SO4=-SO2(OH)Cl-l-P00l8+Hdl, 
and 2PCl5-|-H2804= S02Cl2+^P()^^s+2HC1 ; but A. Micha^s said that no 
snlphuryl chloride is formed, and F. Baumstark, no phosphoryl chloride, and he 
represent the reaction with the fuming acid by 4H2B04-f-PCl5— 4S02(0H)G1 
-fHCl+H3P04. S. Williams added that the phosphoryl chloride reacts with tho 
sulphuric acid : 2H2S04+P0Cl8=2S02(0H)Cl-|-HP0i,-|-HCl The reaction witih 
ohloTOSdphoniC add is indicated above, and with a smaller proportion of acid, 
A. Michaelis represented the reaction : 2S02(0H)Cl-|-PCl5=S205Cl2+2HCl-|-F0Cl3. 
He also found that sulphuiyl dlloride is slowly decomposed into thionyl and 
phosphoryl chlorides, and chlorine; H. E. An^tiong, and A. Michaelis, that 
pyiosnlpliuiyl dlloride, sulphur dioxide, phosphoryl chloride, and chlorine are 
formed, while A. Geuther represented the reaction : S205Cl2+I^Cl5=2B02-|-2Cl2 
-{-FOCI3, and PCl5-f-B02=F0Cl3-|'S0Cl2. A. Michaelis and 0 . Schumann found 
that with nitEUKylsalphonio add, the reaction can be symbolized : S02(N02)UH 
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+K 9 gBSO|(OH)Cl+NOCl+P 9 ^* Nplinim and U. CKmwitsoli found tliat 
MaMowdriliinic add gi^ unidoBu^huryl, phosphoryl, and hydrogon ohloridea ; 
and they abo reported the formation of the complex Nli^.SOtClFClr*-pAo«jiAonM 
mtidoiidfAurybelraMmde, W. Spring examined the action of the pentae^ride 
on thiorafpliatH ; ‘and K. Kraut found that with thiosulphates it forma thionyl 
(hloride. L. Carina said that oddom lOlplilta la decomposed by phosphorus 
pentacbloride ; and E. Kraut found that with aodiiim fUuanlphatei thionyl chloride 
is formed. According to C. Pape, and J. Y. Buchanan, laid thiOBOlphate is deeom- 
posedwhenheatedintheTspourof phosphomspentaohloride, andC. W.Blomstraud 
represented the reaction ; PbSsQg+^K/lgssPbClg+POOlg+FSCli+SOiClg. 
E. Baudrimont found that when the pentaohloride is heated with the 

reaction is: PClg+2Se=PCl3+Se2Cl2. According to A. MichaeUs, — 
dinxido reacts : SSeOg+dPOls-SKeOC^+SPOCli, and the products then interact : 
SSeOClg+SPOCls =;3SeCl44Pa0s : K. Baudrimont said a yellow product is formed 
with ■slwninm mwnnnhliwMy gt ordinary temp., and this becomes red if heat be 
employed, but no selenophoaphorus chloride is formed. B. Metzner obtained 
tellunvm phosjJutridfcaelUonde, 2TeCl4.PClg, by heating Mhufaim tetrucldoride 
and phosphorus pentachloride in a sealed tube at 220°. B. Weber found that 
lend adflOide forms lead cbloride and a red liquid which gives selenium and hydrogen 
selenide with water. E. Baudrimont reported that load soleniJe at a red-beat 
forms lead chloride, phosphorus trichlondr, and selenium tetrachloride, while 
Utimony triawlwniil^ yields phosphorus and antimony trichlorides, and seleiiiiiru 
luouuchloiidc. 

II. Davy said that phosphorus pentachloride forms a definite compound wjtli 
nmnimiia ; Bud H. Bose observed that ammonia is slowly absorbed by the well 
cooled pentachloride— vide phosphorus. The complex phosphorus chloronit rites 
product by the action of ammonia on the pentachloride, were examined by 

J. von Liebig and F. Wohler, J. H. Gladstone, J. U. Gladstone and J. i). Holmes, 
A. Laurent, 11 . Wichelhaus, H. N. Stokes, J. Persoz, etc.— vufr 8. lit, 73 . If ainmuiii.i 
he paiwed into a soln. of phospborus pentachloride m carbon tetrachloride, A. Besson 
foniid that phoqphonu octaouiiinopentucllloride, PClg.8NHs, is foniud as a a lute 
riystalline mass, which, at about 173 °, decomposes into a cbloronitnte, 11. 1’erperul 
found that when soln. of ammonia and of phosphorus pentachloride in 
carbon tetrachloride are mixed, impure phoaphnu decamminopentachloride, 
PClg.lUKHg, is formed — ride lupra, phosphorus trichloride. There is a brcal. 
in the time-decomposition curve at 3 l(t° in agreement with that for ammonium 
chloride. Ucnce it is assumed that the deromposition product is a mixtnro (•! 
ammonium chloride and phosphorus pentamide. 11 . N. Stokes also found tint thi* 
chloTonitrites are produced by the action of the pentachloride on ammoninm 
chloride. W. P. W mter observed that phosphorus pentachloride and Bodium amide 
react vigorously when warmed, ammonium and sodium chlorides ate subhmeil, 
and a compound— possibly P 0 (NH)( 0 H) or 0 P=N( 1 — is formed. B. Muller found 
that the pentachloride reacts with nitlOffBa pnonde, forming nitrosyl and 
phospboryl chlorides and chlorme. According to J. Persoz and N. Bloch, both 
miraiu and nitric addl react with the pentachloride, forining phosphoric acid, 
nitrogen, chlorme, and an oxygen compound; while H. SchiS obtained with 
nitric acid, hydrogen chloride, phosphoryl chloride, and a blood-red liquid 

K. Weber decomposed ailuer nitrate by phosphorus pentaohlonde ; and A. Naquet 

observed that with potaniim nitratei nitrosyl and phoqihoryl chlorides are 
formed. J. H. Gladstone said that j^anphnmi has no appreciable action in the 
cold, but when heated it violently reduces the pentachloride to tiie tncblorido. 
According to H. Bose, a small proportion of pli«a|^n« reacts : I’Ng 

aBSHCl-fiPCl, ; and with phosphine in excess, 3P01 b+SP 14=16NC1-|-8P. 
The reaction was also studied by R. Mahn. T. E. Thorpe and A. E. H. Tutton 
observed that with ^UMphoNOa there is a lively reaction, and phosphor/ 
and phosphorous chlorides ate formed ; M. Bakunin, and J. Petaoa and N. Bloch, 
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tbat ihWBlillilB fllSb yidda pbospbotyl oUoridB, but H. flohiff said that phoaphonia 
Mntozida readily abaotba the Taponta of the pentachloride, fomung the eomplez 
P2O5.2PGIS, or PtOsCliot jihoBjihoffu fenl<ai(ieoaehhnie. Thia xeamon waa abo 
emni&ad by C. Gerhardt, and C. Gerhardt and L. Chioaaa. A. Genther found that 
the pontaoUoride reaota irith hypaphoapholOiiB acid : HgFOt+ 3 FC 4 ‘*^ 2 POC 9 s 
+ 2 ]^+ 3 HCI, and with phoapbotoiu add; B^F< 4 + 3 PClssPC 4 -|- 3 POCl, 
+SHCL H. Schiff aaid that the pentachloride does not react with heated rnahk 
phoqdunte acid. A. Gruther, however, repreaented the reaction : HF03+2 ^)b 
=K 3 POClgH-HGl ; with pyrophoephotio add, H^P|07+5PCl{=7P0CIs+4HCl, or 
U4Fe07+PCl5=s2HP(4+POC4+2HCl; and with orthophoephorio add, 
HgPOg+SFClg — IPOClg-fSHCl. H. Schifi said that the reaction pfinepharifl add 
is very dow. B. Weber found that lodiTim hydnphoBPhate ie decompoaed by 
the vapour of phospborua pentachloride. A. Genther and A. Michaelis found a 
reaction with pyipphoQlhoiyl chlocida : P2(4Cl4+PCl5=3POCls- £• Baudri- 
mont repreecnted the reaction with thiophoapho^ oWnrifle : 5 PSClg+ 3 PCIIg 
= 3 FBrg+ 5 FSCl) ; and B. Weber, the reaction with phopdionia pentasolphidB, 
p2Ss+3F('ls=!>P^^> B. Baudrimont, and H. Goldechmidt repreeented the 
reaction between powdered azaenio and the pontarhlorido by dAa+GFGIg 
sstAeCIg+fiFClg* M* Hurtzig and A. Genther found that the reaction with 
anenic tliozids reeulta in the formation of arsenic trichloride, but no ozychloride, 
and with anenic pentodde : AegOg+bFGls- 2A&Cl34-2Gl2+5PO('l,^A. Michaelie 
said that arsenic pentoude does not react with phosphorus pentachloride at 200^ 
T. E. Thorpe showed that with anenic trifluoride, phosphorus pentafluoride is 
formed; OAsFs+SFGlssSAsClg-l-iiFFs. A. W. Cronander said that ataenie 
trichloride reacts with the pentachlondp, forming orimtous pho^phoctorhlondr, 
PClg.AsClj, and oricnic phosphodnaehloride, AsOlgPCIg. E. Baudrimont found 
that the anenideB are decomposed when heated with phosphorns pentachloride ; 
realgar, AaS, eaady, but the lollowing with difficulty ; mispickel, FeAsS ; speuit 
cobalt, (Co,Ni,Fe)A82 ; prouslite, AgjAsSs,’ pyrargyrUe, AgjSbIls; bournonite, 
CuFbSbSg ; Jahlen, (Cu2,Ag2,Fe,Zii)3{(As,8bJ^}2 ; and areenwal iron, FeAs2. 
E. Baudnmont eaid that powdered aotiiuony reacts with the pentachloride more 
readily than does areenic, forming antimony and phosphorus trirhloiidca. B. Mahn 
found that stibine produces phosphorus and antimony trichlorides, and hydrogen 
chloride. H. tichiii found that antimony pentonde is not attacked when healed 
in contact with the pentachloride. E. Baudnmont observed that antimony 
trichloride foiniB a complex with phosphoma pentachloride, and B. Webrr, and 
A. W. Cronander showed that both antimony pentadlloride and trichloride form 
onttmonv phoiphodrcachlonde, SbClg-FClg. T. Karantassis found that phosphorns 
pentachloride reacts mth antimony tiiiodide hberoting iodine and foiming 
phosphorns trichloride, and the complex, l’Gl5.28bGlg — anltmotiy phosphopeHttt- 
dea»UorMie--6FCl5+2Sbl2==5FCl3+2l2+PCl5.2SbCl5. E. Glatzel found antimoiy 
tria nlphiilB is converted into this antimonyl sulphide. 

H. Schifi observed that potasainm cimnide, and potaaaiam letiocpamde are 
not decomposed by phosphorus pentachloride ; but with potasaUim thuicyanatei 
a little sulphur monochloride, thiophosphoryl cUoride, potassium chloride, sulphur, 
and phosphorns trichlorids are formed. G. Gustavson found that some carbonyl 
chloride is produced when sodinm caihooaie is heated srith the pentachloride. The 
use of phosphorus pentachlonde for chlorinating organic oomgoimdB has been 
ducussed by Lassor Cohn. It is in general use for replacing hydroxyl groups by 
chlorine, e.q. (CH2,COOH)2+2PCls=(CH2.CO.ei)g+2FOCl,+2HCl; and with the 
acid anhydrides, (CH^COigO+FGlgsPOClg+lGHg-CO.Cllg. The alcohols famish 
the alkyl chlorides ; and the amides their chlorine derivatives ; the carbonyl oxygen 
of the aldehydes and ketones is replaced by Clg ; chloral forms CClg-CHClg ; etc. 
These reactions were inveatigated by G. F. Gerhardt, A. Gahouis, A. BSohomp, 
H. Lies-Bodart, B. Bathke, E. Patemo, C. A. Wurtz, etc. G. T. Liebetmann and 
L. Landshoff found that with ether the complex (C|Hg)20.3FC4 is formed. 
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Aoooiding to B. Uahni ribttM slowly redaoei phosphorus psntaohloride to the 
trichlorids. B. Weher said that iQica is oo&Tsrted to sHicon tetraohlorido— the 
reaction with quarts is slow. B. Weber found that titaiiiiuii dhllide yielda a 
volatile chloride, and J. Tuttschefi showed that the complex ti^antumpiospmmiisa- 
oUoritZe, TiCl4.PCl5, is formed, S. R. Faijkul obtained tirconium 
oUor^, 2ZrCl4.PCl5, by the action of lireoniam totrachlarido on phosphorus 
pentacUoride in a sealed tube at 240'’. According to 6. Gustavson, when boiic 
Glide is heated with the pentacUoride for 3 or 4 days at 140^» boryl chloride is 
first formed, and later boron trichloride ; J. Tarible found that with bGron tti- 
bnunidev a complex loron phosphopentacJihroliexdl^ 2BBr3.PCl5, is formed. 

Phosphorus pentachloride transforms many metals into chlorides, and some- 
times the excess unites with the metal chloride to form a complex — phosphorus 
trichbride is simultaneously formed. If the temp, is high enough, a metal phosphide 
may be formed. H. Davy found that if potossilim is heated in the vapour of 
phoq>horuB pentachloride there is a lively combustion. A. C. Vournasos observed 
that the pen^hloride reacts like the trichloride towards potassium. £. Baudrimont 
showed that cold sodhim in contact with phosphorus pentachloride acquires a 
protective rind of sodium chloride. Molten sodium may inflame and detonate in 
contact with the pentachloride, forming phosphorus trichloride, but if the sodium 
is in excess, sodium phosphide is formed. According to H. Goldschmidt, copper 
reacts; 2Ca+PCl5=2Cu01+PCl3, if an excess of toe metal is present; 130u 
+2PC!l5=CusP2+100uCl; with ilver, 2Ag+PCl5=2AgCl+PCla ; and, accord- 
ing to E. Baudrimont, with gold, auric and phosphorous chlorides are formed. 
E. Baudrimont, W. T. Casselmann, and H. Goldschmidt found ihiii with warm sane, 
zinc and phosphorous chlorides are readily produced ; but with the red-hot metal, 
zinc phosphide may be produced ; E. Baudrimont found that Radmhim behaves 
like zinc ; and H. Goldschmidt represented the reaction with mercury : Ifg-f PCli* 
=HgCl2+PCl3---vtde infra, mercuric cbloride. He also representod the rear*tinu 
with alnmininm : 2Al+SPCl3^2AICl3+3FCl5. £. Baudrimont said that if the 
aluminium is red-hot, the phosphide may be produced as well ; the aluminium 
chloride fonns a complex with phosphorus pentachloride. The reaction was also 
studied by C. Matignon. E. Baudrimont found that tin forms stannous chloride 
which in turn forms a complex ; with the pentachloride no phosphide was observed 
when the reaction occurs at a high temp. H. Goldschmidt symbolized the reaction : 
Bn+2FCl5=:SnCl4-|-2PCla. E. Baudrimont said that with iron filings, fenous, 
ferric, and phosphorous chlorides are formed, and the excess of the pentachloride 
forms a complex with ferric chloride. H. Goldsohinidt represented the reaction : 
Fe+PCl5=FeCl2+PCl3, and with the pentachloride in excess, ferric chloride is 
formed. M. M. Sobcl said that phosphorus pentachloride fumes attacked every 
single metal tested up to 2fK)° ; but not so with nickdt and it has only a diglii 
effect on mcmel meUto E. Fink found that with paUadium and phosphorus penta- 
chloride in a sealed tube, at 250°, a complex is formed. E. Baudrimont found 
that spongy platinam is easily converted into the tetrachbride which forms u 
complex with the excess of phosphorus pentachloride. P. Sohutzenberger thus 
obtained plaJl%nou9 phosphohe^achloTide, FtCl2.FCl5. These reactions were studied 
by A. Bosenheim and co-workers. W. B. Hodgkmson and F. K. S. Lowndes 
showed that a pbtinnm wire heated electrically in the vapour of phosphorus 
pentachloride forms a fusible platinum phosphide. G. Geisenheimer found that 
toe pentachloride does not attack irUttlUlL H. F. Sohurigin, however, found both 
iridium and rntheDium are attacked at 300°, forming respectively iridium in 
phosphododeeatdiloride, IrC!ls.3P0i3, and ruttmium perdaphosphoeM^^ 
WPCaalfiCli. 

The metal oxidea decompose at a red-heat in the vapour of phophorus penta- 
chloride, forming the metal chloride and pho8])horyl chloride. Thus, B. Weber 
observed that magneahim oxide so reacts with brilliant incandescence ; cadmiiun 
oxide is likewise decomposed ; and ibuniiuilin oxide produces a phosphochloride— 
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WWniftlBi and sglnd are but dowly attacked. B. Weber foimdtbatatiliilioC(d^ 
fomu staniiio chloride. H, Bchiff found that ohromio cndde is converted into the 
violet chloride ; and molybdeniiin trioiide acts in the cold, foim'ng white crystals 
of acid molybdenum chloride, and a sublimate of molybdenum Mchloride, and, 
according to A. Fiutti, the complex M0OI5.POCII3. E. F. Bmith and G. W. Sargent 
heated molybdenum trioxide in the vapour of phosphoruB pentuchloride and 
chlorine, and obtained first phosphoryl chloride, and then the complex molybdemm 
phosphodecaMoride, M0CI5.FCI5; no sign of molybdenum hexachloride was 
observed. A. W, Cionander found that chromyl cUoiide forms violet ditomio 
phoaphoctachhridet CrCl3.PCl5 ; and H. Schifi said violet chromic chloride and 
chlorine are the products of the reaction. J. Persoz and N. Bloch said that tong- 
eten trioxide forms tuf^qsten WO3.PCI5 ; 0 . F. Geihardt, 

C. H. Ehrcnfeld, and H. SchiS and A. Piutti said that a sublimate of tungsten 
oxychloride is formed ; and N. Teclu, that tungsten hexachloride and phosphoryl 
chloride aio formed. A. W. Cionander found that tungsten pentadiloride forms 
tungsten phosphoenneachhridet WOI4.PCI5 ; and with uraniom trioxide in a sealed 
tube, }ollow uranmn pliosphodecachlondey UCI5.PCI5, is formed. R. Weber found 
that manganese oxide is dpromposed ; ferric oxide forms a complex ferric phos- 
phochlonde; and that titaniferouB iron, chrome-ion, and franhlinite are 
decomposed. 

H. Sebifi said that potassium chloride, bromide, or iodide is not decomposed ; 
and A, W. (Vonander added that the idkali chlo^es do not form complex salts 
with phosphorus peiil.iehloride. L. Pfaundlei found that molten sUver flooiide 
and the vapour of phosphorus pentachloiide furnish phosphorus pentafluoride and 
silver chloride. L. Lindet found that with auric Chloride the complex auric phos- 
pAocnneachhndr^ Aul i4.P0l5, is formed. E. Baudrimout prepared a complex with 
mercuric chloride, muon it pfmphohuadvcaclilonde, 3H|s;Cl2.2FCl5, as a sublimate, 
by heating mercury or a cLilondc with phosphorus pentachloiide. A. W. Cronau- 
der obtained the complex molylHirnum phosphodecachhrtde, M0CI6.PCI5, when 
molybdenyl chloride is heated in the vapour of phosphorus peutachloride ; if 
the temp, is not so high, molybdenum dtphosphotefradeDachlor^e^ M0CI4.2PCI6, 
is formed. He also obtained with ferrous or ferric chloride the complex feme 
diphosphoclochlonde, According to R. Weber, and E. Baudrimont, 

the metal sulphides react with phosphorus pentaohlonde, forming thiophosphoryl 
chloride, the metal clilonde, sulphur monochloiide, and maybe a thiophosphate. 
E. BHudrimont found that potassium sulphide forms potassium chloride, thio- 
phosphoiyl chloride, and phosphorus pentasulphide ; analogous product are 
obtained with calcium sulphide, and barium sulphide. R. Weber found that bis- 
muth sulphide ; sphalerite ZnB ; galena, PbS ; and marcasite, FeS2, are easily and 
completely decomposed. R. Weber found that barytes is decomposed when heated 
in the vapour of plio^phorus pentachlonde ; C. F. Geihardt found that anhydrous 
alum furnishes a phosphate and hydrogen chloride, but no phosphoryl chloride. 
L. Carius observed that lead sulphate forms lead phosphate and sulphuryl chloride, 
while A. Mirhaelis obtained sulphur dioxide, chloriue, and phosphoryl chloride 
with a little tluouyl and pyrosulpliuiyl chlorides, and a trace of sulphuryl chloride. 
J. Persoz and N. Bloch found that with mercuric sulphate, the complex phosplutrus 
stdphatodecaMoride, SO2.2PCI5, is formed. C. F. Gerhardt said that the products 
are phosphoryl, sulphuiyl, and mercuric chlorides. 

RirXEBNCSB. 
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J. Thomlinaon, Chem. A'ewe, 85. 145, 1007 ; W. Hampe, Chem. Ztg., 11. 816, 1887 ; A. Voial 
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§ 83. The Oxychlorides ol Fhosphoros 

In 18 i 7 j C. A. Wiirtz^ obtained phosphoryl chlmde, POdn, in his study of the 
action on phosphorus pentachloride, and since then a number of other oxychlorides 
havebeenieportcd— r.y. G. tiustavson’s wiefttj)AcwpAc)ry/c/!/or?f/ts POoCl ; A. (ieiither 
and A. Michaelis' pyrophosphoryl chloride, P203014 ; and A. lies^un's phnsphtnyl 
monochloride^ FOOL In addition, G. N. lluntly showed that the reaction between 
phosphorus trichloride and phospliorus pentoxido at is more complex than 
that represented by the simple equation : POCls-f P205=!}r02CI, because pyro- 
phosphoryl chloride is formed as well as another substance ''which ciinuot have a 
simpler formula than F7O15CI4,'’ and which " may prove to be a mixture.'’ It 
might be added that a mixture or solid sob. PsUs+oPUjsCl has the required 
composition P7O15CI5. 

The so-called jiho^lioryl chloridei FOGI3, or phosphoryl trichloride— ^hi^n it is 
desired to distbguish it from the monochloride, POOl— or phoaphorug oaychlonde, 
or phosphoric oxyddondcf or orthophosphmc ckhnde, is formed in a great many 
reactions. Thus, it is produced durmg (i) tho oxidaiion of phosphorm trichloride 
when heated in air (W. Odling ; and by the action of oxygen on the boilmg 
trichloride (A. Miclmelb). Other oxidizmg agents may be used— ozone 
(I. Bomsen) ; potassium chlorate (G. Deivm) ; sulphur trioxidc (H. E. Armsfrong, and 
A. Michaelu) ; selenium dioxide, thionyl chloride, or selrnyl chloride (A. Michaelis) ; 
and nitrogen trioxide (A. Geuther and A. Michaelis). A. A. Vansrheidt and V, M. Tol- 
stopiatofi made it by the simultaneous action of water and chlorine on phosphorus 
trichloride. This is affected by passing a stream of chlorine through phosphorus 
trichloride and adding, drop by drop, an equivalent quantity qf water ; the end 
of the reaction is recognized by the formation of phosphorus pentachlonde and the 
yellow coloration of the liquid. The heat of the reaction mamtains the liquid at 
the boilmg point until the end ; the boiling is then continued artificially for about 
half an hour, Phosphoryl chloride is produced during (ii) the oxidation or hydrolf/sis 
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of ^^jlhofua jienfoGUmcfa when the vapour mixed with oxvgen ii heated to 
remeas (B. Baudrimont) ; by the action d moiet air or water m quantity msoffi- 
dwt to form orthophosphoiio acid (C. A. Wurtz, and 0. Oddo) ; by the action of 
add hydrates (C. F. Grerhaidt, and H. Schifi) ; sulphur dioxide (H, E. Armstrong) ; 
sulphur trioxide or the various sulphur oxychlorides (A. Mioha^a) ; by potassium 
perchloratoi and by nitric add (H. Schiff) ; by phosphorous oxide (T. E, Thorpe and 
A. E. H. Tutton) ; by phosphorus pentoxide (C. F. Gerhardt, H. Schifi and A. FiuttL 
J. Fersoz and N. Bloch, and T. E. Thorpe) ; metaphosphorio add (A. Geuther) ; 
pyrophosphoryl chloride (A. Geuther and A. Michaelis) ; by various metal oxides 
or oxygenated salts (L. Carius, A. Michaelis, J. Y. Buchanan, H. Schifi and A. Fiutti, 
and N. Teclu) ; and by the action of oxygenated organic compounds (A. Cahours, 
and C. F. Gerhardt). (iii) The action of a small proportion of water or acetic acid on 
phosphorus trichlorodibromide was found by A. Geuther and A. Michaelis to yield 
phosphoryl chloride. Fhosphoryl chloride is also produced (iv) hy the t^dorinaition 
of pAorpAorus or tAc pAospAonis oaidea or Aydrid^— thus, the action of chloro- 
^phonie acid on red phosphorus (K. Heumann and F. Eochlin) ; chlorine on 
phosphorus tetritoxide (A. Michaelis and M. Fitsch), phosphorus oxide (T. E. Thorpe 
and A. E. H. Tntton), or phosphoryl monochloride (A. Besson) ; sodium chloride 
(H. Kolbe and E. L&utomann) or carbon tetrachloride (G. GustaVBon) on phosphoric 
oxide ; chlorine on ethyl phosphate (H. Wichelhaus) ; and sulphuryl or thionyl 
chloride on phosphine (A. Besson), (v) By the ih€rmal decomposition of the ojy~ 
chlorides— c,g. by heating phosphoryl dichlorobromide, or pyrophosphoryl chloride. 

C. F. Gerhardt prepared phosphoryl chloride by distilling phosphorus penta' 
chloride with half its weight of thoroughly dried oxalic acid, or over one-fifth of its 
weight of boric acid. E. Dervin recommended oxidizing phosphorus tiiclilorido 
with potassium chlorate : KC10 b4 SFCIb^SFOUIb [-KCL The reaction is somewhat 
violent; 500 gims. of pure phosphorus trichloride free from uncombined phosphorus 
are placed in a retort of 750-llXX) c.c, capacity, connected with a reflux condenser, 
and 160 grms. of finely powdered potassium chlorate are added through the iubulure 
in quantities of about 4 grms. at a time, care being taken to wait each time until 
ebullition ceases before adding more chlorate. When the whole of the chlorate 
has been added, the liquid is distilled. The yield is very satisfactory, and the phos- 
phoryl chloride contains but traces of chlorine, if too much chlorate be used, 
chlorine is produced: 2F0C13+KC10 b=KCH-F 205+3C1 s, and G. Oddo said that 
this usually occurs towards the end of the operation. F. Ullniann and A. Foriiaro 
said that to avoid the formation of chlorine oxides, the chlorate should be quite 
dry ; and to avoid risk of explosions, the chlorate should be covered with a little 
previously obtained phosphoryl chloride, and the phosphorus trichloride added 
gradually. A 95'6 per cent, yield can be obtained by this process. 

According to J. Uiban, when chlorine is passed over a mixture of normal calcium 
phosphate and carbon, or when chlorine and carbon monoxide are passed over 
normal calcium phosphate alone heated to incipient redness, small quantities of 
calcium chloride and metaphosphate are formed, but no further change takes place. 
If, however, a mixture of Corine and carbon monoxide is passed over an intimate 
mixture of calcium phosphate and carbon bone-black), heated in a glass tube 
to 330°-340° in an oil-bath, phosphoryl chloride, calcium chloride, and carbon 
dioxide are produced. After some time, the calcium chloride formed interferes 
with the reaction, but if it is removed by washing, the phosphate can be completely 
decomposed. The carbon plays no chemical part in the reaction, and is found 
practii^ly unaltered at the end of tho experiment. It is, however, essential to 
the production of the reaction, and probably acts by condensing the gases in its 
pores. The reaction occurs in two stages, thus : CaBF£Og+2CO-f 2Cl2=^CaF20o 
4‘2C02“h2CaCl2, and CaF2O0“f’^^^”l"^^l2“2FOClj"|"4CO2"l“^*^^l®" The reaction 
takes place slowly at 1B0°, and proceeds rapidly between 330° and 340°. Analogous 
processes were used by G. Erdmann, and A. Ogliagoro. E, I. du Font de Nemours 
ct Cie. made it by the action of carbonyl chloride on a phosphate at say 300°-500°-* 
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tjg. F 6 p 04 + 3 CI 0 ClassF 0 Cl 3 +SC 02 +^eCls. According to P, P, BndnikoS and 

B. A. Sohilofi, for the reaction iCa(P 03 ) 2 + 2 C 0 +Cl 2 ^iCaCl 2 +P 0 C 9 B+ 2 C 0 a+ 73 -P 
Ob]b.p the equilibrium constant JCasp^coP^oii/ppociJ’^co.; and log £i^3-B+l*75j 
p— 16200T"1 ; and for the reaction : iCa(PU 3 ) 2 + 2 COCl 2 — 2 C 02 +F 0 C^ 4 *lCad 2 p 
£ttjj*ooci|/j^o 0 |ppooi,* and log ir=3’i— 1*75 log I*— 5690Z*”i, 

llie imyiicu proiiartieB A phoqdioryl eUoride.— Phosphoiyl chloride is a 
eleari colourless, fuming liquid with a smell like that of phosphorus trichloride, 

C, A. Wurtz 9 gave 1 -7 for the epedflc gravity of the liquid at 12’’ ; H. Wichrihaus, 
1*06 ; A. Oahours, 1*673 at 14*^ ; D. I. Mendeleeff gave 1-662 at 19'5° ; H. L. Bufi, 
1*6937 at 10°, 1-6887 at 14 -irj", 1*64945 at 51“, and 1-5091 at 110" ; T. B. Thorpe, 
1*71165-1 -71185 at 0", and l-609G7.at 107*23"— the b.p. ; and T. E. Thorpe and 
A. £. n. Tutton, 1*71185-1-71190 at 0". C. A. Wurtz found the vaponi density to 
be D-334 at 151", 6-298 at 215", and 5-295 at 275". T. E. Thorpe obtained 1-13378 
for the vol, of the liquid at the b.p. when the vol. at 0° is unity. For the mcdecilltf 
VOhime at the b.p., T. E. Thorpe obtained data between 101 '37 and 101*57 ; 
E. B. R. Prideaux, 101-3 ; H. L. Buff, between 101-44 and 102-24 ; and E. Kabino- 
witsch, 100. 0. Masson, S. Sugden, and J. A. Groshans studied the mol. vols. of 
the family of halides. Accnnling to W. Ramsay and J. Shields, the SDzlace 
tension at 18° is 31-01 dynes per cm., and at 4G-1", 28-37 dynes per cm. ; while the 
spedfle cohesion at IB" is a" -3-88 per sq. mm., and at 46-1", 3-55 per sq. mm. 
The snrlace energy (r(Mi')t— 047-7 ergs at 18", and 588-0 ergs at 46-1". N. von 
Kolossowsky studied the relation between the capillary constants and the heat of 
vaporization. 

The thermal expansion, represented by the vol, v, at 0", when the vol. at 0" 
is unity, was found by T. E. Thorpe to be : 

l)“ 20* 40" 00’ BO* IDO" 107 23’ 

V . . l-OOUOU 10217B 1-04471 l-OOOOC 1-09507 M2300 1-133616 

and hprepresented the results by v=l+0-0010643099+0-00()001] 2G6Cfl2+O-0B529!)fl3. 
A. Geuthcr and A. Michaelis said that when the liquid is cooled to —10°, it can be 
solidified so as to furnish colourless, long, tabular or columnar cry.stals. The liquid 
is very liable to undercooling, but A. Besson found crystallization occurs when the 
surf used liquid is seeded with a crystal of phosphoryl chloride or chlorobromide. 
A. Geuther and A. Michaelis gave —1-5" for the melting point ; A. Besson, -|-2° ; 
and G. Orldn, H-l'782°. The boiling point found by (J. A. Wurtz, A. Cahouis, 
11. L. Buff, and H. Wichelhaus approximated 110° ; E. Dervin, and G. Oddo gave 
107"-108"; T. H. Thorpe, 107*22"-107-23" at 700 mm.; P. Walden, 105-8" at 
753 mm, ; and F. Ullinaiin and A. Fornaro, 104-5 °-105-.3" at 783 mm. W. Ramsay 
and J. Shields gave 329° for the critical tempcratoie ; and D, A. Goldhamiiier, 
331-8°. The effect of phosphoryl cliloride on the b.p. and f.p. of a number of 
solvents has just been indicated. 6. Oddo gave G9 fur the f.p. constant ; and 
21-3 cals, for the heat ot fusion ; and P. Wuhlen, 52-7 cals, for the hrot of 
vaporization. The heat of formation found for the liquid by J. Thomsen is 
(P,0,3C1) =146-0 Cals.; M. Bcrthclot and W. Louguinine gave 143-9 Cals., and 
M. Bertlielot, 145-9 Cals. J. Thomsen also found for (PCl3,0)=70*6G Cals., and 
for the heat of solution, or decomposition by water, 72-19 Cals., and M. Berthelot 
and W. Louguinine found that one oq. of phosphoryl chloride develops 74-7 Cals, 
when mixed with water, and with a (1 : 50) soln. of potassium hydroxide, 148-7 
Cals. J. C. Thomlinson made some inferences about the constitution from the 
thermochemical data. 

0. A. Wurtz found the liquid refracts light strongly. W. A. Hiller examined 
the absorption Gfpectmm of the liquid and showed that it completely absorbs the 
so-called chemioal rays. H, L. Buff showed that the liquid is a non-conductor of 
electricity ; while P. Walden found that at 105-0" and 753 mm. press, the sp. 
electrical condactivity is 0-0000022 mho, and is about equal to that of water of an 
average degree of purity. If the liquid has been in contact with moist air, the 
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oouductivitj may lise 10 ox 100 times this value. W. Finkelsteiii measuied the 
daoompositiOD potential of the oxychloride dissolved in bromine. H. Schlundt 
gave 13-9 for the didectric oonstant at 22^ 

Analyees of phosphoryl chloride by G. A. Wurtz,* J. H. Oladetone, A. Cahonrs, 
C. F. Gerhardt, T. E. Thorpe, 0. Oddo, E. Dervin, and I. Remsen agree with the 
empirical formula POCls, The vapour density determinations of C. A. 'WurtZi 
and A. Cahours are in agreement with the simple molecular formula FOCls- 
W. Bamsay and J. Shields found no sign of the association of the molecules of the 
liquid when tested by the surface tension rule. The observations of G. Oddo and 
co-workers on the raising of the b.p. of soln. of phosphoryl chloride in carbon 
tetrachloride indicate that the molecule is more than doubled ; while in benzene, 
and in carbon disulphide, there is a partial association of the simple molecules. 
The effect on the b.p. of chloroform, and ether agrees with the simple mole- 
cule. The mol. wt. for the doubled mcdecule is 307, and for the single molecule, 
153*5. The means of the observed values are : 

cai|(b.p.) C,H,(b.p,) C3.(b.p.) CHCJ,(b.p.) (C|H,),0(bp) C«H,((.p.) 

MoL vt. 332 29B 232 161 152 161 

E. Mameli found the effect of phosphoryl chloride on the f.p. of cbloroacetic acid 
indicates a mol. wt. less than normal at low cone., and, increasing with cone., 
exceeds the normal value with a 1-3 pet cent. cone. 

There are two possible modi6cations of phosphoryl chloride, ClsP.OCl, and 
UlgP : 0 ; in one, the pliosphorus atom is tervalent, and in the other, quinquevalent 
— viie the at. wt. of phosphorus. All attempts to isolate isomeric forms 

have failed. A. Mirhaelis and W. la Coste, however, did prepare derivatives of 
the two isomers, namely, phenoxydiphenylphospkine, (UeH5)2p.O.CBll5, and 
phosphoryl triphenyl, (05115)31^ * 0. The former is a thick, oily liquid which is 
reailily acted upon by bromine, oxygen, sulyihur, and selenium, and yields crystalline 
addition products with the alkyl linlides; whereas the latter is a solid of m.p, 
153-5°, mid it resists the action of the agents just indicated. T. E. Thorpe and 
A. E. II Tutton found that the phosphoryl chloride derived from phosphoric oxide 
is identical with that derived from phosphorous oxide. II. Wichelhaus thought 
that the constitiitinn of phosphoryl chloride miint be Clji : P.OCl because it is 
obtained by the action of chlorine on ethoxypbosphorus dichloriile, C 2H30.PC'l2» 
in which it is highly probable that the oxygen is directly united with the phos- 
phorus ; the assumption is made that the reaction proceeds : C2lT50.1^l2-| CI2 
^Csl^Cl-f C10.P('l2i l^at A. Geuther and A. Michaclis have yjointed out that it is 
possible the chlorine acts first by forming phosjihorus trichloride : C0H5O.POI2 
-fClo CallsOCH Pt'lj ; and the ])rodiicts of the reaction iniciact : PCI3 f G2H5OCI 
-0211501+^0013. T. E. Thorpes conclusion that the sp. vol. of the contained 
phosphorus agrees with a tervalent phosphorus atom was shown by W. Uamsay and 
I). 0. Masson to be ill-founded. The generally accepted formula 0 : P ; GI3, based 
upon the quinqucvalcncy of phosphorus, is not therefore inconsistent with 
H. WichelhauR* reaction. It agrees with the formation of phosphoric acid when 
phosphoryl chloride is treated with water. It is also in agreement with B. Rcinitzrr 
and U. Goldschmidt's study of the action of phosphoryl chloride on the metals ; 
no signs of any difference in the nature of the three chlorine atoms were observed ; 
in all cases cither none, or all three chlorine atoms were taken up by the metal. 
This agrees with the work of R. M. Caven, who progressively substituted the 
chlorine atoms in different ways with organic raijicles and was not able to find 
any evidence justifying the assumption that the chlorine atoms are differently 
oriented within the molecule. He added : the centre of gravity of the three 
chlorine atoms lie at the angles of an equilateral triangle ; and if an imaginary 
line is drawn through the centre of this triangle and at right angles to its plane, 
the centres of gravity both of the phosphorus atom and of the oxygen atom are 
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sitDftted m this line. B. B. B. Ptideeiix repiesents the eleotronie itnioture oi 
^oqibacyl ohloiide: 




Cl 


in which both electionH are contributed by the phosphozus atom, which has only 
half share in a pair originally belonging wholly to it, and is therefore positively 
charged— inde supra, phoephoros pentachloride— while the oxygen atom, having 
half a diaie in the same pair of electrons, to which it has not contributed, is 
negatively charged. A. E. Makovetzky made observations on the molecular 
structure ; aod H. Henstock, on the electronic structure. 

chemical propertiee ol phosphoiyl ehloride.— H. F. Cady and B. Taft^ 
studied a number of electrolytic reducing reactions with phosphorus oxyrhloiide 
as a solvent, lor soln. of potassium iodate, and ferric chloride are reduced although 
no hydrogen is present. C. A. Wurtz represented the action of water on phosphoiyl 
chloride ly the equation ; POCls+SHsO^HsPO^+SHCl. According to A. Besson, 
if a cunent of moist air is passed through phosjihoryl chloride, a senes of inter- 
mediate products of the oxidation to phosphoric acid are formed : (i) 2P(X'l3+H20 
=2HCl+P20aCl^; (ii) P0Cla+H20=2Ha+P02Cl; and (in) POda+SHaO 
=s3HCl-f-H3p04. 0 . Oddo also said that with one or two molecular parts of water, 
pyruphosphoryl chloride is formed along with some phosphoric acid, and that the 
proportion of the latter increases with that of the water. The speed of the reaction 
with water was measured by 6. Carrara and I. Zoppellari as in the analogous case 
of phosphorus triebloride (q.v.) ; the velocity constant £^ 0 * 0000348 . 

II. Schiff, and J. 11 . Gladstone observed no reaction between phosphoiyl chloride 
and chlorine, bromine, or iodine. W. Biltz and £. MeinEMsko found that phos- 
phoryl chloride is only slightly soluble in liquid chlorine. G, Oddo and M. Tealdi 
sud that phospLuryl chloride dissolves iodine monochloride. A. liesson found 
that diy hydrogen bromide does not act at the b.p. of the chloride, and in a sealed 
tube, there is only a little artion, but if the mixed vapours be paa^ed through a 
tube at 4 (X)‘'“WX)“, the mixed and substitution products P0n2BT, rOl'lBr2, POBr^, 
and PBfq are said to be foimed. He also found that hydrogen iodide dissolves 
in the liquid chloride and forms phosphorus triiodido and metapbosplionc acid — 
possibly also a little oxyindide. 11 . Schiff found that phosphoiyl chloride hberates 
iodine from potassium iodide. P. Walden also found that phosphoryl chloride dis- 
solves the alkali iodides, foimmg yellow soln., also manganese, cadmium, mercuric, 
and stannic iodides. According to W. Spring, when the chlonde is added to a cold 
soln. ol potassium chlorate, a yellowish-green gas, possibly chlorine, is evolved ; 
and G, Oddo reprcbented the reaction : KClOg+ZPOOla- P2O5+3CI2+KCI. 

H. Piinz observed no reaction between phosphoryl chlonde and sulphnr when 
the mixturo is heated in a sealed tube at 2 (X)'* lor a li/hg time. U. A. Wuii i observed 
no reaetion between hydrogen sulphide and tlie chloride when the mixture is 
exposed to sunlight ; but A. Besson said that if a sola, of dry hydrogen sulphide in 
phosphoryl chlonde be allowed to stand for some time, at there is a reaction : 
2POOI8+3H2S--6HCI+PASJ; and at 100 “, 2rOCl3-|-Il2«-^lI01-t-P2O28Cl4. 
G. Oddo and M. Tealdi found sulphur monochloride and monobromide dissolve 
in phosphoryl chloride. L. Carius represented the reaction with calcium sulphite 
at IDO", 2PO0l3+3CaS03=.3S00l2-|-Ca3(PO4)2, but E. Divers said that no oxy- 
chloride of sulphur is formed when calcium, sodium, or lead sulphite reacts with 
phosphoryl chloride ; 2P0Cl8+6CaS03=3CaCl2+Cag(PU4)2+C8l)2. A. Michaclis 
represented the reaction at 160 “ with sulphur tzioidde : 6S03+2P0Cl8=P202 
+3S2O5CI2 ; G. Oddo and A. Casalino studied the f .p. of the binary system ; 
"POCly^Og-^-vide sulphur trioxide; and S. Williams, and A. Michaelis, with 
Bulphuzio add : 2H^O4H-FOCl3=2S02(OH)Ul+HP(^-|-HC!l. L. Carius repre- 
sented the reaction with BUlphatee : 3PM04+2P0Cl3=:3S02Cl2-|-Fb3(P04)2, 
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birt A. Miohaelis could not verify ihia. E. Eiaut observed no reaction with 
ttlilMnilphileS. A. Besson observed no reaction in the cold with hydrOKm Betanl^ 
but, at llO*’, 4POClB+5H2Be— 10HCl+p2Se5+2P02Cl. A, Michaelis observed 
that with aelanyl chldridoi phosphorus pentozide and selenium tetrachloride are 
formed. V. Lenher found that when warmed with teUniium diozide, tellurium 
tetrachloride is formed ; and with an excess of phosphoryl ohloridei the complex 
tdhmum TeCl4.F0Cls. 

C. A. Wurtz found that a white solid is produced when ammonia reacts with 
phosphoryl chloride; and H. Schiff represented the reaction; POCI3+6NH3 
s=PO(NH 2)3+3NH4C1. J. H. Gladstone found that at 0®, pAospSoryl didUoroamidPi 
PO(NH2)Cl2, is formed by a reaction which may be symbolized ; POCI3-I-2NH3 
=POCl2(NH2)+NH4Cl ; and at ordinary temp, there is a slow formation of 
phosphoryl chlorodiamide, P0(NH2)201, by the reaction : POCI3+4NH3 
=POC1(NH2 )s+ 2NH4C1— this change is rapid at 100“. When these substitution 

? roduct8 ore heated, they decompose POCl2(Nn2)>-2]in-f-NHPO ; and 
DCl(NH2)2=Nll4pl+NHPO, 11. Perp 4 rot mixed soln, of plio^^phoryl^ chloride 
and of ammonia in carbon tetrachloride, and obtained impure phosphoryl 
hoxamminotrichloridOv POOI3.GNU3 — ou2e rupra, phosphorus IrLchlorido. If |)Los- 
phoryl chloride be sat. with ammonia, or mixed with ammoniam chloride, heated 
to 100'’-220^, and the product treated with water, clinmido- and triamido pyro- 
phosphorio acids are formed (7.V.]. F. £. Brown and J. K. Bnydrr found that 
phosphoryl chloride and vanadium ozytrichloride are miscible in all proportions, 
but almost immediately a reaction sets in, and a brown precipitate forms. A. Mente 
also studied these reactions, and with ammonium carlKmate he observed no forma- 
tion of phosphoryl triamide. E. J. Mills found that phosphoryl chloride reacts 
with nitrate^ forming the corresponding metal chloride, phosphorus pentoxide, 
etc. H. Schifi, and J. H. Gladstone obaerved no reaction with phosphonis, but at 
200 °- 250 ° in a sealed tube, B. Beinitzer and H. Goldschmidt said that there is a 
vigorous reaction resulting in the formation of phosphorus teiritoxide (7.1?.) ; 
4P+P0Cl3=P40+PCl3. H. Schiff, and J, II. Gladstone said that phosphoryl 
chloride does not react with phoqphine ; and A. Bchsod said that tkcTc is no reacliun 
with cold phosphonium bromide, but in a sealed tube at 150 “, phosphorus hemioxide 
is formed (7.0.) ; and with phosphonilim iodide, phosphorus diiodide and meta- 
phosphoryl chloride are formed. G. Oddo and M. Tealdi observed that phospborus 
trichloride and pentachloiide as wril as phosphonu tribromide and pentabromide 
dissolve m this menstruum. G. Gustavson heated equimolar proportions of 
phosphoryl chloride and phosphomB pentozide to 2 (K)“ in a scaled tube for 3 G hrs., 
and represented the resulting furmation of nietaphosphoryl chloride ; F2O5-|-P0C'l3 
=3F02C1. a. G euther said that phosphoryl chloride does not react with phosphoric 
add in the cold, but when heated with a large piopoitiou of the chloride meta- 
phoaphoric acid is formed : 2H3P04+P0Cl3=3HPU34-3H(n ; ami with a siunll 
proportion of the chloride, pjrophosphoric acid is prodnceil; 5Jf3F04-fF0C'Jj 
Bi3il4P207+3HCl ; the reaction with pytophosphoiic add is verjr slow ; 2IT4P207 
+POCl 8 -= 5 nP 0 i+ 3 H 01 ; with phoBphoraiu add: 2 HgP 03 + 3 POCl 3 r= 3 Hl’O 3 
-j-SPClg+SHCl ; and with hppopluMphorou add: dlfsPOg-i-SPOClg^SUl’Os 
-i-2H3PCi^-|-4P-f 9 HC 1 . H. Schifi observed no reaction with dlvw phoaphato. 
L. Csrine obtained thii^hoqihoiyl chloride and phosphorus pentoxido by 
heating to 150 ° a mixture of phoaphonu pentundphide and phosphoryl 
chloride. B. Beinitzer and H. Ooldechmidt found that witii anwnic at 250 °, 
phoephoms and arsenic trichloridee, phoqihorue peutoxide, and pyropho^ 
phoryl chloride axe formed. A. liichaelis observed no reaction with anooio 
triodde at 160 °. Q. Oddo and M. Tealdi observed that phosphoryl chloride 
disBolves anenic flnoridei chhnide, and bromide ; and F. Walden, anenic 
triiodide, and mtiiiioiiy triiodide. B. Weber obtained the complex aiitimmy 
fhoajhorylocloMondet BbCl5.POC33, with aotimODy pentachlori^ and phoe- 
pho^l chloride; 0 . Oddo and M. Tealdi also obtained thie oomponnd: 



PHOSPHOBIJS loss 

And thoy found thftt biimnth ddoridu Bod tunuiiildA dissolve phospfaoiyl 
ehloiide. 

J . Biban found that the vapour of phosphoiyl chloride is decomposed by red-hot 
oaAoili forming phosphoiua trichloride. H. Sohiff observed no reaction with 
carbon dioiide ; and 11. llubuer and 0. Wohihane, none with olvec cysttide at 180^ 
P. Walden found that numerous organic compounds dissolve in phosphoryl chloride ; 
and O'. Oddo and M. Tealdi, that carbon tctraddoride dissolves in that menstruum. 
S. Cloez, and A. Oeuther and F. BrockhoS found that the leaition between phos- 
photyl chloride and sodium eihoxide results in the formation of ethyl phosphate ; 
8 C 2 li 60 Na+POCl 3 = 3 Na(Jl+PO(OCaH 5 )g. D. Balarefi said that when the calcu- 
late quantity of ^cbhol is added drop by drop to phosphoryl chloride cooled in a 
freezing mixture, hydrogen chloride, and methyl or ethyl chloride are evolved 
when the mixture is warmed, and alkyl metapliospliate remains : PUCla-I ^O^sOH 
=21ICl+POOl(OUsiH5)2; and P0Cl(0C2HB)2=C2ll5Cl+C2nBP03. M. fiiogel 
studied the action on phenol. As shown by A. Bechamp, II. Bitiei, C. F. tierhardt, 
H. Schill, and 1 . 1 . Kanonnikofi, phosphoryl ohloride is used for preparing chloro- 
derivatives of alcohol; 3C2H30H-t-P0Cl3-=3(l2llB^l+H8p04; and with BOdium 
acetate: 2CU2COONa4-POUl2~Na01-f‘NaP03-|-2CH8COC'l, but not from acetic 
acid alone. A. Bi' champ and C. 8 t. Pierre found that with silver acetate : 
3CIJ3COOAg-f-2 P0CI3 -3(3ll3f J001+3Ag01-|-P20B. The use of phosphoryl chloride 
in organic clieruistiy was discussed by Lassar Cohn. G. 0 (ldo and M. Tealdi 
found that phosphoryl chloride dissolves silicon tetrachloride and tetrabromide. 
A. Wolirliii and E. Giraud, and B. Wobei prepared tituuium phosphoiyl- 
hepljichloride, TICIb-POOIs ; and 0 . Kuf! and K. Ipseu, iilanmm diplmplwryldeca- 
rldoridf^ TiCl4.2P0Cl2, by the action of titanium tetrachloride on phosphoryl 
chloride. G. Gustavnou found that with boric ozida and phosphoryl chloride in a 
EK^filed tube there is formed a complex boron plmphorylheiachltinde : B2U3 |*2POCl3 
l'B04-f BClB.POCla ; and the same complex is formed by the action of boron 
trichlo^e on phosphoryl ohloride. G. Oddo and M. Tealdi obtained boron phos- 
plioryl tribromotrivhlonde, BBrB.POClg, with boron tribromide ; and II. Moissan 
found that boron triiodide reacts vigorously with this chloride. 

J. 11 . Gladstone observed no reaction between phosphoryl chloride and 
potassiam at ordinary temp., and B. lieinitzer and U. Goldschmidt also observed 
no reaction with the alkali metals at 100 ^ but at 180 "', in a scaled tube, tlie reaction 
is explosively violent. Finely divided copper reacts between ir) 0 ^ and 200 '; 
3 i)Cu-H 10 POCJ 3 =- 30 C‘uCl-f 3 Cu 3 PsiH^l'A; and BzOg+tf OCI3’' 3 PA(^% ; with 
silver at 2 r) 0 ^ 2Ag-|-P0Cl3=AR20-l-Pris; 3Ap20-f-P0Ul3^Ag3P04-l-3A^l, or 
DAg20-|-2P0Ul3— =Ag4P207-l-CAg('l ; Ag8p04-[-P0Ul3— P2OB 1 3 AgCl ; and PjOb 
+ 1:P0C13=3P203C14. At ordinary temp., magnesium reacts very slowly with 
phosphoryl chloride ; the reaction is energetic at UK)'’, and phosphorus trioliloride, 
magnesium chloride and phosphide, and a red substance, possibly the suboxide, 
are formed; idnc also reacts slowly at ordinary temp., and rapidly at lOO”, 
9Zn-HPOCla=^6ZnCl2+3ZnO-hP40; and 4 ZnO-|- 2 POUl 8 -Zn(POa) 2 + 3 ZnCl 2 ; the 
reaction was also examined by W. T. Oossclmann. G. Deniges said that if a good 
pinch of zinc powder is placed in a test-tube and one or two drops of phosphoryl 
chloride are added (the zinc must be in excess), there is frequently an instautaiieous 
production of flame ; in all cases, on the addition of a lit lie water, minute flames 
of hydrogen phosphide apjicar. With the trichloride, tins leactiou is not pro< 
duced. According to B. Keiniizer and H. Goldschmidt, phosphoryl chloride and 
an excess of mercuiy at 290 ° react, foruuDg ineicuric chloride, a red phos- 
phide, phosphorus tcicliloride, pyrophosphoryl chloride, and a trace of phosphorus 
pentoxide. At 100 °, aluminium furnishes phosphorus tiichloiide, aluminium 
chloride and phosphate, and a red substance— possibly the suboxido. Only slight 
signa of a reaction were observed with lead at 250 °, but tin reacts at 100 °. At 
100 °-l 20 °, iron filings react ; Fe-|-P 0 Cl 8 =Fe 0 -|-Pn 8 ; 6 FeO-i- 2 POCl 8 

-=3FeCllg-hFe8(P04)2 ; and 2POCl8+Fe8(P04)a=3FoCl2-h2P20B. 

VOL. YUl. 3 U 
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Aeoording to H. Basaett and H. S. Taylor. or eoBilo caUe fonidiaa 
the chloride aa the main product u^hen in oont^t with phosphoiyl ohloride either 
at ordinary temp, or at IW. On the other hand, when fr^y ignited caMBm 
oadde and phosphoryl ohloride are mixed and allowed to stand at the ordinary 
temp., or gently boiled, a complex calcium oxybUjJmphioryUfu^^ Ca 0 . 2 P 001 s, 
is formed ; while under different conditiona calcium (csytriaphoapha^ 
Ca 0 . 3 P 0 Gls, may be produced; H. Garino and M. Rafiaghello observed 
the formation of the complex ealdum dihydr(CDyhi8pIu>8pkoryUri^^ 
Ca(0H)2.2P0Cl8, with ealdum hydroxide. There were also formed com- 
plexes (3a(OH}2.2POCl2.2U2H5(NH2), and Ca(0H)2.2P0Cl2.2(C2H5)2O. Similarly, 
magneanim hydroxide forms mo^no^tum d%hydroxybi8phcsjSu>ryUr^ 
Mg(011)2.2P0Cl2. 11 . Bassett and H. S. Taylor found that magnMam oxide in a 
sealed tube at 110 ° forms either magnmum oxybisphosjJioryUrichhndef Mg 0 . 2 P 0 Cls, 
or oxytnsphoiiplwryUrichlori^ IffgU-SPOCl^; similarly, dno oxide 

furnishes zinc oxytru^phcspharyUru^loride, ZnOsSPOCls; naiiminfii oiide reacts at 
ordinary temp, or at 100°, forming cadmium chloride as the chief product ; like- 
wise al^ mercuric oxide, and alumina, Un the other hand, mangancue oxide 
furnishes ymnganese oxytnapImphoryltnchbiidcMT^^^ ; while ferric oxide, and 

oobattoua oxide yield the metal chloride as in the case of copper, cadmium, mercury, 
and aluminium oxides. If the reactions occur in the presence of organic solvents^- 
acetone, methyl benzoate, or ethyl acetate— complex pyrophosphoiyl compounds 
are formed. M. Ganno and M. Uaffaghello obtained with nickdons hydroxide an 
impure complex, nickdous d^hydroxybLphospharyUnchlmde, Ni(011)£.2rUCl8. 

P. Walden found that phosphoryl chloride ^solves euric (Uoride in the cold. 
W. T. Casselmaun found that phosphoryl chloride unites readily with many metal 
dilorides, thus, with magnesmm chlonde it forms magnesium phosphoryllicpta’ 
ohloride, 2]lrIgCl2.PUCls , with aluminium chloride it forms dumtmum phosphofyl^ 
hexaMmde^ AICIS.POCI3. G. Oddo and M. Tcaldi obtained both these rom- 
pounds. E. P. Kohler obtained with slumiiiium bromide, aliminvwm phosphoryl^ 
iTibfwr\olriclilQf\de^ AlBr3.POCl3 * H. Moissan obtained with zinc filioride, zinc 
chloride and phosphoryl fluoride; and analogous products were obtained by 
A. Quntz with lead fluoride ; while W. T. Casselnu^ obtained with stannous 
chloride the complex stannous phosph^nyViepiachloride^ 2SnCl2.POUl3 ; and also a 
complex with sta^c chloride, SnGl4.FUCls, slam%c phobphwyU^^hride, while 
G. Oddo and M. Tealdi represent as slanrm phospharylheHachlortdef 2SnCl4-PO(l3. 
W. T. Casselmaun obtained with chromyl iddoiide the products chromic oxide and 
chloride, and phosphoric acid. A. Pmtti reported molybdenum phosphorylhexa- 
chlonde, M0CI3.FOCI3, to be formed by the action of mc^bdenum trichlorite and 
phosphoryl chloride in a sealed tube at 170 '. 1 \ Walden, and G. Oddo found that 
sublimed ferric chloride forms a yellowish-brown soln. with phosphoryl chloride ; 
and G. Oddo, that idatinic chloride is dissolved by the menstruum. 

A. Besson ^ prepared pbOBPhoiyl monocdlloride, FOCI, by the action of a small 
quantity of water — whether hquid, or as atm. moisture — on phosphorus trichloride. 
The compound is isolated by distilling off tbe trii'hlonde, at first on a water-bath 
and finally under low press. This oxychloride is a yellowish, hyaline solid of the 
consistency of paraffin, with an odour recalling that of the Quinary phosphoryl 
chloride. It is very hygroscox^ic, and dissolves in water with a strident noise, 
the products being hydrochloric acid, phosphorous acid, and a small quantity of 
an amorphous yellow solid. It is rapidly decomposed by light with formation of a 
pale yellow precipitate which changes to reddish-yellow if the action of light is 
prolonged. The oxychloride is insoluble in most solvents, but diB>iolve8 in phos- 
phorous trichloride. It combines slowly with chlorine, and ^elds phosphoryl 
chloride, FOOI3. The yield of phosphorous oxychloride is always very small, 
probably because its formation is limited bv its extremely hygroscopic nature. 

A. Geuther and A. Michaelis? prepaid pfiophoBpb^l chloride, P2O8CI4, by 
the action of nitrogen trioxide or peroxide on well-cooled phosphorus tri^or^c-* 
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the ttichloride yielda about one-tenth its weight of the pyiophoq»horyl diloride. 
B. Beiniteer and H. Goldsclunidt obtained it as a by-pioduct of the action of oopper» 
B&yer, mero^, phosphorus or aiBenic on phoaphoiyl ddoride ; and 0. N. Huntly* 
fay the action of phosphorus pentoxide on phosphoiyl cUoride^the product 
obtained at the same timep vide supra. A. Besson said that in the 
preparation of phosphorus hemioxide (f.o.) fay the action of phosphonium bromide 
on phosphoryl chloride, when the filtrate is heated in vacuo, pyrophosphc^l 
chloride distilled oil after the phosphoryl chloride— metaphosphoryl chloride 
remains as a residue, A. Besson also found that pyrophosphoryl cUoride is formed 
fay the action of a current of moist air on phosphoryl chloride, 2P0Cl3-fH20 
s=;2HCl-|-p£(^Cl4— *some phosphoric add and metaphosphoryl chloride arc formed 
at the same time. He also heated 300 guns, of phosphoryl cUoiide and 30 grms. of 
water first on a water-bath, and then in a sealed tube at 100‘', When the product is 
heated in vacuo, pyrophosphoryl and phosphoryl chlorides distil over, and meta- 

E hosphoryl chloride and phosphoric acid remain behind. When the distillate is 
eat^ in vacuo at the phosphoryl chloride distils ofi, and about D grms. of 

pyrophosphoryl chloride remain. 0. Oddo also prepared this chloride fay heating 
a mixture of 2 mols of phosphorus pentachloride and 3 mols of water under 3 cms. 
press, between 125^ and 127°. 

Pyrophosphoryl chloride was analyzed by A. Qeuther and A. Michaelis, Q. Oddo, 
and G. N. Huntly, and the results are in accord with the empirical formula P2O8CI4. 
If pyrophosphoryl chloride has the symmetrical formula CI2 : P0.0.P0 : CI21 the 
rupture of the molecule m the reaction P2(^Cl4=P0Cls-fP02Cl must be att^ed 
by the transfer of a chlorine atom from one part to the other, and D, Balarefi 
supposes that the uiisymmctrical formula for the pyrophosphoryl chloride, 
Cl3|P<02>P0.('l, best explains this reaction. The symmetrical and the im- 
syminctrical fonuulie explain equally well the reaction with phosphorus penta- 
chlonde : P20jl%-f V(\ 3POCI3, but with phosphorus pentabromide, the reaction 
is Bomewlmt runuus ; with the unsymmetneal formula it is represented : 

Cl Q 

(■|■^P<2>P<°+Br,PB^,^CI^P*0+P0B^*+J;>P<” 

Cl cs 

end with the symmetrical formula: 


P0(CIJ 

PO((3l2) 


>;o H 


Br^ Brj->POBr,+ 


POClJBr 

POCl,Br 


A. Geuther and A. Michaelis consider this to be the strongest argument in favour 
of the symmetrical formula, but D. BalareS argues that the reaction is here so com- 
plex that it has not yet been mode out whether P0Cl2Br alone is formed or whether 
phosphoryl chloride, POGla, is produced along with phoqihoryl bromide, POBrj. 
U. fialarcff also considers that the chemical properties of pyrophosphoryl chloride 
agree very well with the unsymmetiical formula for the chloride, and the 
chemical properties of pyrophosphoric acid with the unsymmetricud formula 
(H0)P0<02>P(011)9. 

Pyrophosphoryl chloride is a colourless, fuming liquid which remains liquid at 
temp, where phosphoryl chloride is solid, A. Besson did not solidify the liquid at 
—50°. A. Geuther and A. Michaelis gave 1-58 for the sp. gr. at 7^ and 210°-215° 
for the b.p. It cannot be distilled without some decomposition: 3F2Q2CI4 
=:4POCl3-|-r8G5 ; and A. Besson said that at 110° and 10 mm. press., the com- 
pound decomposes : F203Cl4~F0Cl8+F02Cl. A. Geuther and A. Michaelis said 
that water decomposes it foster than it does phosphoryl chloride, forming hydro- 
, chloric and phosphoric acids ; alcohol reacts : 2P2(^Cl4+4G2H50II=4P0(0C2H5)Cl2 
+2H2O. followed by P0(0C2H5)Cl2-f2H20^P0(0C2H5)(0H)2+2HCl; phosphoma 
pentachloride reacts : i phosphorus pentabromide : 

F2QBCl4+PBr5s:2FOBrC^+FOBr2. M. Bie^ studied its action on phenol 
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H. Ban^ and H. B. Ta7lot foimd that vhen lime u added to a boId. of phoephoi^l 
ddoride in acetone, ethyl acetate, methyl benzoate, or ethyl benzoate, whiw had 
been dried over calcium chloride and redistilled, a Tigotous reaction oconrred vhioh 
in the first two cases was sufficient to cause the solvent to boil, Some hydrogen 
chloride is evolved during this process, and the lime passes into soln. The 
aohi. on cooling deposits prismatic crystals of eelnhini oinvnwIlMriiond 
nUnride, C!a0.P20^Cl4, associated frith two moUi of the solvent ketone or ester: 
CaO,F(Q|C94,2C!gHfO j Ca0,F20|C!l^,2C4llg02 j Ca0F2Q3Cl4,2CgHg02 j and 
GbO,F£(^C14,2C9H]o 02> In agreement with this view is de fact t^t the organic 
part of ^e molecule can be changed by simple recrystallization fimm another 
solvent. Thus, by recrystallizing the ethyl acetate compound from acetone, the 
acetone compound is obtamed, and mbs versa. Similar compounds of the organic 
ester or ketone associated with coppet osypyiophoqihoiylchlofidn, C!n0.F202Cl4 ; 
magiMwinni (oypyiophlMphoCjrlcIlloride. Mg0.F20^Cl4 ; eailwiinin mppyipphoi- 
ptaoqdchloride, CdO.FjQgO^; and manganese mppyratfUMphonichlotide, 
Mn0F20^Cl4, can be prepar^. The formation of these organic compounds is 
brought about by traces of moisture present in the organic solvents, or which are 
absorbed during the course of the experiment, and there is some reason for thinking 
that the moisture acts preferably on the previously formed compound CaU,2POCl2, 
rather than on tile phosphoryl chloride. In any case, the organic compounds can 
be obtained equally well by treating the previously prepared compound, Cb 0,2P0013, 
with the organic solvent in which it dissolves, yielding a solu. from which the 
organic derivative of the compound CaO,F2^Cl4 crvstallizes. The zinc and 
cobaltouB compounds could not be obtained in a crystallme form. 

6. Gustavson ^ prepared metaphosphoryl cfaloride, PO2CI, by heating eq. 
quantities of phosphorus pentoxide, and phosphoryl chloride in a sealed tube st 
SOU*’ for 36 hrs. : F2O5+POCI3— 3 FO£C)l G. N. lluntly could not obtain this sub- 
stance in this way — he always obtained a mixture of pyrophosphoryl chloride and 
FjOisOs, indicated above. T. E. Thorpe and A. E. H. Tuttou obtained it by passim; 
a current of chlorine nut toe quicUy over phosphorous oxide: P40a-|-4('Ij 
=2F0Cl3-{-2P02Cl. The phosphoryl (ffiloride can be distilled from the meta- 
phosphoryl chloride — 10 grms. of phosphorous oxide yield about 11 gems, of 
phosphoryl chloride and 9 grms. of metaphosphoryl chloride. A. Besson observed 
that metaphosphoryl chloride is formed during the action of hydrogen sdenide on 
phosphoryl chloride : lFOCl3-|-5H2Se=-10HCl-t-F2Se5-)-2FO2Cl; os a by-product 
in the action of phosphonium bromide on phosphoryl chloride in the popnration 
of phosphorus hemioxide — ride supra, pyrophosphoryl chloride ; by the action of 
moist air on phosphoryl chloride— oiilc supra, pyrophosphoryl chloride ; and by 
heating pyrophosphoryl chloride at 110 ” and 10 mm. press . — vide supra. The 
syrupy moss was found by A. Besson to decompose when heated : 3F02Cl=F0Cl2 

+F205. 
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f 84. The Fhoophonu BromideB and Oiybromidea 

The obsorvationa of A. J. Balard,^ H. Bose^ A. Schrotter, and V. Men and 
W. Weith on the union of bromine and phosphorus have been indinated in con- 
nection with phosphorus itself. W. Muller-Erzbach said that phosphorus has a 
smaller affinity for bromine than it has for chlorine. There arc two well-defined 
bromides, analogous to the tri- and penta-ohlondes ; a heptubromide has been 
reported. A. Besson and L. Fournier attempted to prepare fho\pharu9 dtbrv/ntde, 
FBr 2 , or P 2 Br 4 , analogous to the corresponding rhlondo and lodirle, by the action 
of the silent discharge on a mixture of phn<iphoru8 tribroiuide and h\ drogen, and 
by the action of hydrobromic acid on phosphorus dicblnride, but without sucee>^. 
A reddish-yellow solid of indefinite composition was obtained, and this is suppobed 
to be a decomposition product of the dibromide. 

The lonukicm and pnmration ol phosphonu tribTomidB.-A. J. Balard 
first prepared phoqihcinis tribomide, PBr^, by very slowly adding bromine, drop 
by drop, to dry phosphorus. 0. Luwig added small pieces of phosphorus to anhy- 
drous bromine until the liquid is colourless, and the tnliromide was distilled from 
the excess of phosphorus. A. Lichen said that if the phosphoiun, etc., is well- 
roolod by a freezing mixture there is no risk of explosion. In order to avoid the 
risk of an explosion, U. Bose recommended introducing dry phosphorns into a glass 
Lube sealed at the bottom and placed upright in liquid bromine contained in a 
wide-mouthed bottle, so that the bromine vapour may slowly come in contact 
with the phosphorus. The tribromide is also produced by slowly adding bromine 
to red phosphorns, and distilbng the product ; J. Yolhard moderated the reaction 
by first moistening the phosphorus with phosphorus tribromidc. B, Bchenck, and 
A. C. Christomanos said that when an excess of phosphorus is employed the product 
is always contaminated with phosphatic products which cannot be removed by 
many rectifications ; and B. Schenck preferred to use an excess of bromine which 
is more easily removed by fractional distillation. F. A. Kekul^ dissolved 239-68 
parts of bromine, and 31 parts of phosphorus sepaiatdy in carbon disulphide ; 
slowly mixed the products ; and separated the solvent from the tribromide by 
distillation. This method was employed by J. Yolhard, Y. Bekschinsky, and 
0. Oddo and M. Tealdi, while A. C. Christomanos added that the solvent is not a 
suitable one since it is difficult to obtain pure, and it is liable to 3deld a product 
contaminated with sulphnr compounds. A. C. Christomanos said that an M per 
cent, yield gf tribroQU^ of a hi^ degree of purity can be obtained if bromide be 
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»Uoired to act cm yoDow phoqikonuj free from arseniOi under a layer of benzene free 
from thiophene. A, Lieben prepared the tribromide by passing the vapour of bromine 
in a ourrent of carbon dioxide over dry phosphorus; allowing the product to stand 
for a day in contact with phosphorus ; and distilling the decanted liquid, No 
considerable rise of temp, occurs so long as the bronune vapour is in contact with 
phosphorus, J. I. Pierre employed this process, but A. C, Christomanos added that 
the operation consumes a lot of time, the yield is poor, there is a loss of bromine, and 
the product is contaminated with other phosphatic products. C. Ldwig passed the 
vapour of phosphorus over mercurous or mercuric bromide heated in a glass tube, 
and collect the product in a cooled receiver. The liquid was rectified by frac- 
tional distillation. He also observed the formation of a little tribromide by the 
action of phosphorus on warmed cyanogen bromide ; A. Besson, by the a''tion of 
hydrogen bromide on pbosphorus trichloride; and E. Baudiimout, by passing 
carbon dioxide over phosphorus pentabromide heated in a flask on a water-bath. 

The phystcnl prop^es ol phosphorus tribromide.— Phosphorus tribromide 
is a clear, mobile, fuming liquid with a smell recalling that of hydrogen bromide. 
A. G, Christomanos said that usually the liquid becomes family turbid on standing 
for some time on account of the separation of phosplioius helfl in soln. The soln. 
clears again if warmed up to near the b.p. The liquid colours the skin orange-yellow, 
and paper dark yellow or black, especially if warmed. J. 1. Pierre gave 2*9249 for 
the sp. gr. of the liquid at 0° ; T, E. Thoipe, 2-92311 at 0°, and 2-49541 at 172*9”, 
the b.p. ; 0. Carrara and I. Zoppelari, 2*9132 at ll'^/4° ; and A. C. Christomanos, 
2-8B467 at 0°, 2-85234 at 15^ and 2*82053 at 27'". 0. Masson, S. Sugden, and 
J. A. Groshans studied the moL vols. ol the family of hnlides ; and F. Epliraim cal- 
culated that a 10*8 per cent, expansion occurs during the f nimation of the tribromide. 
F. M. Jager found for the sp. gr. referred to water at 4'*, the surface tension, tr, in 
dynes per cm., the specific cohesion, per sq. mm., and the mol. surface energy, 
Ml in ergs per cm, in nitrogen gas : 
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R. Lorenz and W. Herz studied the relations between the surface tensions of the 
family of halides. H. Kopp gave for the mol. vol. at the b p., 108-G ; E. B. R. Fri- 
deaux, 108*8 ; T. E. Thorpe, 108*28 ; and E. BabmoMtsch, 111. The rap. density 
found by A. C. (Iinstomanos was 135-44 for hydrogen unity, at 182*^ ; and for air 
umty, 9-3589. This in conjunction with C. Lowig s analybis is in agreement with 
the formula FBr 3 . Q. Oddo and M. Tealdi found that the mol. wt. obtained from 
the effect on the f.p. of phosphoryl chloride is 271 ; anil benzene, 2G1-8 — ^the 
theoretical value for FBis is 271. T. E. Thorpe, and J. I. Ficrre observed that the 
thermal expansion is extremely regular ” ; T. E. Thoipe gave for the vol. at 
different temp, when the vol. at 0° is unity : 

40* so* so* IDO” 120* 110* 172 0* (bp.) 

Vol. . 1-0000 1-0348 1-0530 1 0720 1*0961 1-1123 1*1310 M7140 

and he represented his results for the vol., v, at 6° by 0=1+0*03841179 
+0-05r)428929*+0-OBlB893ff'* ; and J. I. Pierre found for temp, between 0° and 
100®, v=l+0-(i8472094-0-0e43G729«+0-0g252893; and between BO® and 175®, 
w=l+OK)882427fl-|^-Oo9142l92+()-Oio5093. D. I. Mendcleeff, and P. de lleen 
made observations on this subject. A. C* Christomanos found the coefi. of 
cubical expansion to be 0-0007554 at 15®, and 0*0007876 at 27®, so that the effect is 
greater than is the case with mercury. 1. 1. Saslowsky studied the relation between 
the coeff. of expansion and the mol. structure ; and N. de Kolossowsky, the relation 
betw^Q the coeff. of expansion and the latent heat of vaporization. A. J Balard 
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did not freeze the liquid at --^12% nor did J. 1. Pierre at —13*6'’ ; but A. 0. CSuietO' 
manoB gave —41-5° for the f.p, at 761 mm. press. F. M. Jager gave —50*’ for the 
£p., and —40'’ for the m.p. J. I. Pierre gave ITD'S'* for the b.p, at 760*2 min< ; 
F. A. Kekul6, and H. Kopp, 175'’ ; T. E. Thorpe, 172*9” ; F. M. Jager, 170*2” at 
750 mm. ; P. Walden, 172° and 757 mm. ; 0. Oddo and M. Tealdi, 170° ; and 
A» C. Ohristoinanos, 170*B° at 760 mm. and 171° at 761 mm. 0. M. Guldberg oal- 
eulated the oritical temp, to be 441°. M. Berthelot gave for the heat of forma- 
tion, (F,3Bruq )=PBr^iq +42-6 Cals.; and M. Ber&elot and W. Longuinine, 
(P,3Brgu)=I^Brs]ui +54*6 Cals., while one eq. of the tiihromide in reacting with 
water yields 64-i Cals., and with a (1 : rO) solii. of potassium hydroxide, 130*5 Cals. 
A. 0. Christomanos found the index of refraction to be 1*6943 at 19*5° with Na- 
light. P. Walden said that phosphorus tribromide is a non-coudiiotor of electricity, 
and does not ionize dissolv^ salts and acids ; he also measured its conductivity 
in liquid sulphur dioxide and arsenic trichloride. H. Schlundt obtained 3-8H for the 
dielectric constant at 20°. 

Ibe ebemical properties ol phosphom tritaomide.— A. Besson and 
L. Fournier said that when a mixture of hydrogen and the vapour of phosphorus 
tribromide is exposed to the silent discharge, there is formed an unstable dibromide 
— vide supra. According to J. H. Gladstone, phosphonis tribromide is not attacked 
by oiygra ; and A. 0. Uhristoinanos also found that oxygen has no appreciable 
action on the cold liquid, but E. Demole showed that if oxygon be passed through 
the boiling liquid, an explosion occurs after a ccitain time with the liberation ol 
bromine, etc. He represented the reaction: 2PBr^-i ; 

POBr+i5r2— POBra ; and PBra+firtt'-PBra ; while A. C, liinstomanos attributed 
the reaction to the liberation of bromine, and the combustion of the phosphorus 
with a yellowish fbimc of '* blinding brilliance : 2PBrj+*)0— PjOa-f ilBrg. He 
also said that the trlbromidc is non-combustible, and does not ignite at ordiiiury 
temp., nor does the vapour from the boiling liquid iniianip, though it does burn 
with a yellowish flame when in the vicinity of another flame— pho.sphorus pentoxide 
and bromine are formed. A. J. Balard, and G. Lowig said that in the presence 
of moisture, pho'^phonis tribromJde reddens blue Utmus ; and A. J. Balard, and 
A. 0. Christomanos found that the tribromide reacts M-ith water, foriuiug phos 
phorous and hydrnbromic acids, anil, if only a little water is employed, hydrogen 
bromide is evolved as a gas. The reaction, added 0. Lowig, is slow at 8°, but ^ cry 
rapid at 35°. O. Carrara and I. Zoppdari found the velocity coiistant of the 
heterngcueons reaction to be 0-0111 at o\ and 0-0212 at 10°. 

A, J. Balard, and J. H. Gladstone found that the tribrumide reads with chloxinc : 
2rBr3+3nisj- 2 P(‘l 3 -| 3Bro , and, according to C. Lowig, it roads with bromine, 
forming the peutabroniide (f/.c.). J. 11. Gladstone, and A. C. OhrisinmanoB foiiiid 
that iodine dissolves in the liquid tribroniide without reacting chemically. The liquid 
is cherry-red. A. Damoiseau observed that the tribiomide is decomposed by cuiic. 
aq. soln. of hydiohromic add. E. Baudrimoni showed that thiupho^horyl bromide 
is formed when phospliorus tribromide is heated in contact with sulphur. U. Antony 
and 6. Magri found that the tiibromide dissolves in ]if|uid hydrogen snlphidei 
forming a yellow, conducting soln. J. II. Glad'^tono represented the rooctinu 
with hydrogen sulphide : ‘iPBr^ *| 6HBr. Q. N. Guam and J. A. Wil- 

kinson observed that the soln. in liquid hydrogen sulphide is an electrical conductor. 

H. Rose said that the tribromido bebave.s like the tricUoride when treati^d with 
ammonia ; and liquid ammonia, according to C. Hugot, reacts with tlie tribromido, 
forming phosphorus triamide (y.r.). A. Beshon found that dry ammonia acts on a 
Boln. of phosphonis tiibromide in carbon tetrachloride, forming pAosp/wruB cnwcfl- 
afn7niru>fnbromtd€t PBr^.^iNHj,. A. Oouther and A. Michaelis observed that nitrogen 
peroxide, and trioxide react nvith the tribromide, forming phosphorus pentoxide 
and phosphoryl bromiilc. G. Ijiiwig, R, Scbenck, and A. C. Ghristomanos observed 
that the tribromido dissolves phos^oruz which separates oat when the soln. is 
decomposed by water-Hiide supra, ted phosphonis. K. Kraut said that lie tri- 
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brot&ide reacts with phixiplioroiis acid like fj|ie triohlDzide, but at a eomewhat 
hig^^ temp. P. de Wilde said that ptaosiphina leacte qnioUj with the tribromide, 
forming hydrogen diphosphide and, added A. Besson, the reaction oocors 
ereu at — '20^. A. Michaelia found that fliiophosphoiyl bromide dissolves in the 
liquid ; and P. Walden, that the trihidides of arsenic and antimony are rea^y 
soluble in the cold liquid tribromide. 

J. Tarible found that with boron tribromide much heat is developed and Imn 
pho8phoheT(Aromidef PBr 3 .BBTs, is formed, A. C> Christomanos said that the 
liquid is very corrosive towards organic matter— leather, wood, paper, cork, rubber, 
etc. ; he also found that phosphorus tribromide dissolves in carbon 
ether, acetone, ddorolorm, and benzene, forming clear soln. without developing 
heat. When the ethereal soln. is evaporated, much hydrobiomic acid is formed. 
P. Walden also showed that many organic compounds ore soluble in the liquid 
bromide — e.g. hydrocarbous, acids, ketones, esters, tertiary amines, etc. A. 0. Chrifr' 
tomanOB found that absolute alcohol reacts tuibulently with the tribromide, without 
inflammation, forming traces of esters or phosphines. J. W. Walkei and 
F. M. G. Johnson studied the action of methyl, ethyl, and n-propyl alcohols on 
phosphorus tribromide. The reactions are typified by PBr8+30H30H=2CH3Br 
+HBr-|'r(OH) 2 (OCIll 3 ). V. Auger found that phosphorus tribromide reocia 
with methyl, ethyl, or propyl io^e to form alkyl phosphines. A. 0. Ohiisto- 
manos studied the action of the tribromide on glycerol, and phenol. K. Sohenck 
found that glass is strongly attacked by the tribromide at an elevated temp. 

A. C. Chiistoinanos found tliat a small pi(H;e of sodium floats on the cold or 
warm liquid losing its inctiillic lustre ; hut if a little hot or cold water be sprinkled 
on tlic surface, there ih a violent cx]>lu8iou ; sodium-amalgam under simllai con- 
ditions gives burning hydrogen, and magnesium acts hke sodium, but the reaction 
is less violent and there is no explosion. A. Granger obtained copper phosphide 
by heatiing the tribromide with cevper in a sealed tube ; and when iron, nicl^ or 
cobalt is heat('d in the vapour of the tribromide, the metal phosphide is formed. 
A. C. Christomanos found that copper nitrate, solid or in soln., reacts vigorously 
with the tribromide, and cuprous bromide, bromine, and nitrogen peroxide are 
formed; L. Liiulet observed that wJien heated with auious bromide, aurous 
phofiphotctrabromidc, AuBr.FBrg, is formed. J. H. Gladstone observed an inter- 
change of the halogens when phosphorus tribromide reacts with mercuric chloride ; 
and 11. l^luissan iepre.sented the reaction with zinc fluoride : SZnFg+^PBrs 
=: 2 FF 9 +i*iZnBr 2 ; a similar reaction occurs with lead fluoride, but it proceeds more 
slowly. P. Walden found that the stannic halides dissolve in the cold liquid 
tribromide, and that with the iodide, the soln. is yellow. H. S. Fry and J. L. Don- 
nelly found that phos]jhoriis tribromide reacts like the trichloride towards chromyl 
chloride. 0. Goiseukeimor observed the complex iridvum iriplmphododccabromidet 
IrBr8.3rBrs ; and M. F. Rchurigen, mdhnn phosphohexcibromide, IrBrs.PBrs, when 
the tribromide is heated with iridium in a scaled tube at 300^; and ruthenium 
under similar conditions yields ruih&imm ptrdxkplmplmnvcadei^ 
Ru2(PBr8)5Br4. 

n. Kose observed that phosphine forms a brownish-yellow precipitate with a 
soln. of mercuric bromide ; and P. Lemoult observed that by the action of phos- 
phine on a soln. of mercuric bromide in one of potassium bromide, a brown com- 
pound is formed, phos^iorna bromomercuriate, r(HgBr) 3 .FHg 2 Br. 

The lormatioii and preparation of phosphorus pentabromide.— A. J. Balard 
first obtained phoephonu pentabromide, PBre, as a sublimate when an excess of 
bromine acts on phosphorus ; and A. J. Balard, and C. Lowig obtained it by mixing 
theoretical proportions of phosphorus tribromide and bromine. W. Biltz and 
k. Jeep studied the thermal diagram of mixtures of phosphorus tribromide and 
bromine, Fig. GO, and obtained evidence of the existence of three polybiomides, 
phoephorus heptabromide, FBtB.Brs; phosphorns enneabromide, 
and phosphorus beptade^bromide, PBiB. 0 Br 2 . The pentabromide can 
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developed by the reaction; 2PC!ls+l2+5Brt 
— 2 PBr 5 H- 2 lC] 8 ; H. Moissan showed that when 
phoephoras trifluoride is passed into bromine 
cooM to —15^ brown liquid phosphorus 
dibromotrifluoride is formed ; this gradually 
decomposes ; 5PFsBr2=^3FF5-f‘2PBr(, the penta- 
bromide remains in the tube, the pentafluoride 
osoapes as a gas. A. Michaelis obtained it by 
the action of phosphorus pentachloride on thio- 
phosphoryl bromide : 5PSBr3+3PCl5=5PSCIe 
+3Pfir5 ; A. Besson, by passing a mixture of the 
vapours of phosphoryl chloride and hydrogen 
bromide through a glass tube at 400‘’-^b00'^ ; 
E. Demo1c« by the action of oxygen on boil- 
ing phosphorus tribromide— iidc supra ; and 
T. E. Thorpe and A. E. II. Tutton, by the action of bromine on phosphorous oxide 
in a sealed tube at ordinary temp. 

The properties ot phosphonu pentabromide— Phosphorus pentabromide 
at ordinary temp, is a lemon-yellow solid which A. J. Balard described as appearing 
in rhombohedral crystals after melting, and in needle-hkc crystals after subhma- 
tion. According to A. E. Nordenskjiild, the rhombic bipyraiuids have the axial 
ratios n : & ; c^O'6032 : 1 : 0*4010. E. Baudrimout said that the crystals are red 
when the molten pentabromide is cooled slowly, and yellow, if cooled rapidly. 
H. Moissan made analogous observations. (Consequently, it has been main- 
tained that the yellow rhombic and the red prismatic varieties arc albtropic forma 
of the pentabromide ; but J. H. Kastle and W. aV. Beatty explained the difference 
on the assumption that the red form is pho>)phorus heptabroinide— infra — 
and the yellow form the pentabromide. The former in contact with water pro- 
duces white phosphoryl bromide, and the latter passes into solii. without forming 
this product. E. fi. It. Frideaux found the sp. and mol. vols. of liquid phosphorus 
pentabromide at 85° to be respectively 0'3r>3() and 1 ; at KH)”, 0*3621 anil 1 56*0 ; 

at 130°, 0*3755 and 1()1*7 ; and at 165°, 0*389f) and 168*0. The at. vol. of the 
contained phosphorus is greater with the bromide than with the chloride ; and 
greater with tervalent than with qiiinquevalcut phosphorus. There is a point of 
inflexion in the expansion curve at 1(X)° corresponding with that of sulphur at 159°. 
The expansion from 85° to 100° is represented by 0-1^86(1 +0*001 US), and from 
100° to by o=-VmQ(l+0*(XJl29). Analyses by C, Lowig, H. Moissan, and 
T. E. Thorpe and A. E. H. Tutton agree with the formula PBrs, and 0. Oddo and 
M. Tealdi's observation on the lowering of the f.p. of phosphoryl chloride, and of 
benzene by the dissolved pentabromide agree with the simple mol. PBrs. According 
to A. J. Balard, when the pentabromide is heated, it melts to a red liquid which, at 
a higher temp, gives off red vapours, and, added J. H. Gladstone, a mixture of 
phosphorus tribromide and bromine is formed at 190°, and the pentabromide is 
reformed on cooling. E. Baudrimout said that if carbon dioxide be passed into 
a bulb containing the pentabromide heated by a water-bath, bromine passes off 
and the tribromide remains. J. H. Eastle and W. A. Beatty said that the dis- 
sociation of the pentabromide dissolved in car1)on disulphide or tetrachloride soon 
attains a limiting value. E. B. R. Frideaux gave 106° for the estimated b.p. at 
760 mm. The observed vop. press., p mm., being ; 
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According to J. Ogier, the heat of formation of the solid pentabromide is 
(P|5Br^^J=63-5 Cals. ; (P,5Brp,) = 83*0 Ol^ls. ; (P,5Breoi4)=63*3 Cals. ; 
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(PBr3iBT£U9.)*^90*3 Cab. F, Walden examined tiie dectrio conductivity of the 
{mtabromide dissolyed in liquid sulphur dioxide or arsenic Ixichloride. W. A. Plot- 
nikoS observed that phosphorus pentabromide dissolved in bromine conducts an 
electric cuiient, depositing phosphorus on the cathode, and combines with bromine 
to form pentabromide. W. Fi^ebtein measured the decomposition potential of 
the pentabromide in bromine, liquid sulphur dioxide, arsenic trichloride, and nitro- 
benzene. 

A. J. Balard said that the pentabromide is not reduced by hydroKUn, it fumes 
strongly in Biz» and deliquesces in humid air, forming, according to J . H. Gladstone, 
phosphoryl bromide. A. J. Balard recognized that the pentabromide b decom- 
posed by water, forming phosphoric and hydrobromic aci^. M. Trautz observed 
no signs of luminescence when hot or cold water reacts with phosphorus penta- 
bromide. A. J. Balard showed that the pentabromide is decomposed by cblozine^ 
forming bromine and phosphorus trichloride. W. Finkelstein observed that when 
suln. of phosphorus pentabromide in bromine are electrolyzed, the phosphorus 
moves towards the cathode. J. H. Gladstone showed that iodine reacts; 
3PBr5-fl2=3FBr3-|-2IBr3. E. Baudrimont found that with hydrogen sulphide 
thiophosphoryl bromide is formed : PBrs-j-HAS—FSBis f'2HBr ; and F. Clans- 
nitzer, that cone, sulphuric add forms hydrogen bromide, bromine, sulphur 
dioxide, and sulphur bromide. A. Besi^on found that dry ammonia passed 
into a Holn. of the pentabromide in carbon tetrachloride furnishes pho^phom^ ennea- 
amminotetrahromidf, PBr5 ; and J. H. Gladstone, that with phosphine the 
first stage of the leaction is to be symbolized : SPBis-f-PHs^^lPBrs-fSHBr, and 
then PBr3-|-FIIs=r2lM 311 Br. K. Berger observed that phosphoms pentoxide 
forms phosphoryl hroimric. A. Michaelis found that thiopyrophosphoryl bromide 
is converted into thiojihosphoryl bromide , and A. Geuther and A. Miohaelis, that 
pyrophogphoiyl chlo^e reacts; p203Cl4+FBr5=r2P0(1oBr-i-}M)Brs. E.Bandri- 
iiiont found that antimony trisulphide rcacte : ^b^Ss+SPBr^ ~3PS£r3-f 2SbBr3. 
U. Gustavbon showed that boric oxide reacts with phosphorus pentabromide with 
difficulty, forming boron tribromidc. J. Tanble added that a soln. of boron tri« 
bromide in carbon disulphide furnishes crystals of boron plmpJioctobrowide^ 
BBrj.PBrs. The pentabromide reads with acetic add : rBr5+CHgCOOH=POBr3 
-l-llBr-l-CHgt'OBr; and E. Baudrimont, with oxalic add: PBr5-|-(COOH)2 
P0Br3+2HHi+C0+C02. A. J. Balard observed that when heated in conta^ 
with the metals, phosphorus pentabromide usually forms the metal phosphide 
and bromide; with gold, L. Lindct obtained aitrtc p/mphoctvirowuhf AiiBr3.PBr3. 
A. Rosenheim and W. Levy said that platinum reads at 17O''-2U0'’, forming 
plat^ncms pho^phopeniahromidc, FtBr2.PBrg. M. F. Schungen found that in a 
sealed tube at 310° iridium and ru^nium are attached by phosphorus penta- 
hromide, forming respectively indium plmphohexcAroimde, lTBr3.PBr3, and 
ruthenium pentaphosplioenneadecabromidc, Ru2(FBr3)5Br4. U. Lowig observed that 
copper and mercozy oxides form bromides and phosphate ; and E. Baudrimont 
with lead oxide, the reaction is attended by a glow of the mass. 

Ffansvhorus heptabromide, PBr7, was prepared by J. H. Eastle and W. A. Beatty 
by mixing equimolar proportions of bromine and phosphorus pentabromide in a 
sealed tube, and subliming at 90°. The product occurs as bright red, transparent 
crystals. The red form of phosphorus pentabromide is considered to be the hepta- 
bromide. Its formation by subliming the yellow pentabromide at 90° is said to be 
due to a partial decomposition into heptabromide and tribromide ; phosphorus 
tribromide reconverts it into the yellow pentabromide. Bromine vapour converts 
the yellow pentabromide into the red compound, whilst when left in contact with 
bromine absorbents the reverse change takes place. In contact with water, phos- 
phorus pentabromide gives a colourless soln. of phosphoric and hydrobromic acids, 
whilst the red compound liberates free bromine. 

J. n. GUdstone found that when phosphorus pentabromide is oxidized by 
exposure to air it deliquesces, forming a red syrupy liquid of phoephozyl taomUIVb 
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FOBts, or c^sybromi^ t Bsrgor ozidued the pentabromide by the 

pentoxide : PsOs+SPBis^SFOBis; and, as indicated above, H. Bitter obtwcd 
it by the reaction of acetic acid on the pentabromide ; and E. Baudrimont, by 
the action of oxalic add. A. Gcuthcr and A. Miohaelis also obtained it by the 
action of pjnrophosphoryl chloride on the pentabromide : PBr 5 +P 20 ^Cl 4 =POBr 3 
+ 2 FOB 1 GI 2 ; and by treating phosphorue dibiomotrichloride with water: 
3 PCljBr 2 + 3 H 20 = 2 P 0 Cl 3 +P 0 Br 34 - 3 HCH- 3 HBr ; or with acetic acid : 2 PCl 3 Br£ 
+ 30 H 30 OOH= 3 CH 8 C 0 Cl+rOBr 3 +POClB+HBr+H 20 . Phosphoryl bromide ia 
also produced by oxidizing phosphorus tribromide— E. Demole, by the action 
of oxygon on the boiling tri bromide ; and A. Gouthcr and A, Uichaelis, by the 
action of nitrogen peroxide or trioxido on the wcU-cooled tribromide. A. Besson 
observed that phosphoryl bromide is produced when a mixture of the vapour of 
phosphoryl chloride and hydrogen bromide is passed through a tube at 400‘‘-500*’, 
and by the action of a soln. of bromine in carbon tetrachloride on phosphorus 
hemioxide. T, E. Thorpe and A. E. H. Tuttou noted its formation by the action of 
bromine on phosphorous oxide ; p 40 B-|- 4 Br 2 =- 2 P 0 fir 3 -)- 2 P 02 Br. 

E. Baudrimont describc^d phosphoryl bromide as an orange mass consistiBg of 
thin, colourless pistes ; H. Bitter also said that the crystals are colourless plates, 
with sp. gr. 2 *^ 22 . Analyses by J. H. Gladstone, II. Bitter, and £. Baudrimont agree 
with l^e formula POBT 3 ; and the values of the vapour density 10*06, obtained by 
J. H. Gladstone, and lU-ll, obtained by E. Berger, arc close to 9 94 required 
for POBrj. G. Oddo and co-workers found the mol. wt., calculated from the ellect 
on the b.p. of chloroform, to be 298 ; on the b.p. of benzene, 344 ; and on the f.p. 
of benzene, 300. The value for FOBrj is 287. H. Ritter gave for the m.p. 4[)°-46° ; 

E. Baudrimont, 35*^ ; A. Besson, 56^ ; E. Berger, 5^>^-56^ ; and T. E. Thorpe and 
A. E. U. Tutton, 45'’. J. U. Gladstone said that the b.p. U between ITO"" and 2 (Kr ; 
H. Bitter gave 195° ; E. Baudrimont, 193° ; E. Berger, 189*5° at 774 mm. ; 
T. E. Thorpe and A. E. H. Tutton, 195° at 760 mm. ; and P. Walden, 193° at 758 mm. 
J. Ogier found the heat of formation of solid phosphoryl bromide from solid 
phosphorus to be (F,U,3Brii(,.)=sl08 Cals., and E. Berger, 109*65 (*nl 8 . ; while 
J, Ogier pve (r,O,3BTgag)=:120 Cals., and E. Berger, 120-75 Cals. £. Berger 
also found (PBr3i„i,0)=64-85 Cals., and for the decomposition by water, 75 C^. 

F. Walden said that the liquid is an electrical conductor, and suggested that it 
contains the tervalent ion PO 

According to J. 11. Gladstone, phosphoryl bromide is not miscible with wataTp 
but is decomposed by that reagent, forming phosphoric and hydiobromic acids ; 
it is decomposed by chloime with the expulsion of bromine ; bromine forms yellow 
crystals which liquefy and decompose mto bromine and phosphoryl bromide. 
E. Baudrimont found that bydiogen sulphide converts phosphoryl into ihiophus- 
phoryl bromide ; and A. Stock, that liquid hydrogen sulphide dissolves phosphoryl 
bromide, and on evaporating the soln. thiophosphoryl bromide remains, while if 
the soln. be allowed to remain for some time m contact with phosphorus pentoxide 
before it is evaporated, some phosphorus pentasulphide is formed. E. Baudrimont 
found that phoqihonus does not attack heated phosphoryl bromide ; that antimony 
is brominated ; and that the products of the reaction with antimony tcidiloride 
are phosphoryl chloride, phosphorus sulphide and tribromide, and antimony 
tribromide and oxybromide. Ethyl bromide is produced by the action of alootud 
on phosphoryl bromide. J. H. Gladstone said that metals are not attacked ; but, 
added E. Baudrimont, tin is brominated. 

A. Michaelis did not succeed in making pyrop/mqiAoryl bromide^ F 8 (^Br 4 , by the 
action of nitrogen peroxide or trioxide on phosphorus tribromide— the products are 
phosphorus pentoxide and phosphoryl bromide. T. £. Thorpe and A. E. H. Tutton 
said P 02 Bt, is produced by the action of bromine on 

phosphorous oxide as indicated above, and it remains as a residue after the 
phosphoryl bromide has been removed by distillation. 
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5 85, The Phewhonu lodidei and Ozyiodides 

The observations of C. L. Gazzaniga,^ A. Schrotter, and T. S. Traill were treated 
in connection with the action ol io&ie on phosphorus. Some iiideiinite iodides 
Were mentioned by F. Wohler, J. L. Gay Lussac, C. M. van Dijk, U. Boulouch, 
E. I. Lissenko, and F. Sestini. The two best defined iodides arc the diiodide and 
triiodide ; while the existence of the tetritaiodide, the tetratiitaiodidc, and of the 
pentaiodide is not so well established. According to R. Bonlouch, where dry iodine 
18 added to a soln. of phosphorus in dry carbon disulphide in quantity less than is 
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neceasB^ to convert the phosphom into the diiodide, and the miztnze ie eacpoeed 
to Bonlight, ptaogphonui teWtalodidet Pil, eeparates. Thia ie an amoiphoue, tad 
]^dai; it decomposee without melting, forming phoflphoras diiodide (which 
oiBSociateB) and phosphoius vapour, and ia only slowly attacked by water, DiL 
nitric acid attach the tetritaiodide vigorously, liberating iodine, ^ with cone, 
nitric add, it inflames. Cone, soln, of the alkah hydroxide dissolve it, liberating 
hydrogen phosphide, and dil. soln. of the alkali hytjroxides or carbonates convert 
it into F 4 OH, Phosphorus tetritaiodide dissolves in sobi. of iodine, forming 
phoq>horus diiodide or triiodide ; this reaction serves to distinguish it from red 
phosphorus. A. Siemens considers that the alleged tetritiodide is nothing but 
red phosphorus contaminated with a little diiodide. A. Besson assumed the 
formation of pAospAoms tritatetraiodide, F 3 I 4 , in the preparation of red phosphorus 
by the action of yellow phosphorus on a soln. of iodine in carbon tetracMoride. 
The hypothetical compound is supposed to decompose in light Fal 4 =P 2 l 4 +Preii< 

J. L. Gay Lussac said that on bringing together one part of phosphorus and 16 
parts of ioi^e, a grey-black crystallized substance, fusible at 29'", is formed, and 
producing on contact with water a colourless soln. containing hydriodic and 
phosphorous acids ; while one part of phosphorus with 24 parts of iodine gave a 
black substance, fusible in part, at 46°, and dissolving in water with elevation of 
temp., the soln. containing hydriodic and phosphoric acids, and exhibiting a dark 
brown colour from the presence of free iodine. F. Hampton said that there is 
evidence of the formation of phOEfphoniS pentaiodide, PI 5 , when the two elements 
are brought together in an atm. of nitrogen ; but it is difficult to regulate the 
violence of the reaction ; but if carbon disulphide is used as a solvent for the 
phosphorus before adding iodine, the process is more manageable. 

Tbe fomiatioii and prepaiation ol phosphorus diiodide.-^. L. Gay LuRsae,^ 
and C. A. Wurtz obtained phosphorus dliodide, PL, or rj£i 4 , by fusing together 
eq. proportions of the constituent elements. H. W. Doughty recommended heat- 
ing a mixture of 50 grms. of iodine and 4 grms. of red phosphorus in a 250 c.o. 
flask by a free flame until the contents are melted ; and when the mixture has 
cooled to 60°, adding 2-5 grms. of yeUow phosphorus in small pieces at a time. The 
process is said to be quirk and sale. £. Coienwinder made the diiodide by adding 
an eq. proportion of iodine to a soln. of phosphoius in carbon disulphide. On 
cooling the liquid to O**, crystals of the diiodide separate. They are then exposed 
to a cunent of dry air to remove the solvent. MoJifientions of this process were 
used by B. Franke, H. Bcithelot and S. de Luca, and A. Michaelis and M. Fitsch. 
The pioceis was also recommended by A. Besson, and 11. N. Tiaxler and 
F. E. E. Geimaiin. II. Bitter obtained the diiodide by the action of a soln. 
of iodine in acetic acid on phosphoius trichloride; V. Auger and M. Billy, 
by the action of phosphorus inchlonde on magnesium mcthyliodide : 3 PCI 3 
+ 4 Mg(CHa)I=^P 2 l 4 +r(CH 3 ) 4 Cl 4 * 4 MgCl 2 ; A. Besson, by reducing a soln. of 
phosphorus triiodide in carbon disulphide by mercury; A. W, Hofmann, by the 
action of iodine on phosphine ; 8 PU 3 + 5 l 2 -=p 2 l 4 + 6 Pn 4 l ; A. Damoiseau, by the 
action of hydrogen iodide on ordinary phosphorus ; or by allowmg phosphorus to 
stand in contact with cone, hydriodic acid ; P. de Wilde, by the action of phosphorus 
trichloride on phosphonium iodide ; A. Besson, by the action of carbonyl chl 6 ride 
or phosphoryl chloride on phosphonium iodide: 4 PH 4 l-|- 8 COCi 2 =P 2 l 4 + 8 CO 
+2P+16HC1 ; E. and F. Fireman, by the action of phosphorus pentachloride on 
phosphonium iodide at 135° ; T. E. Thorpe and A. E. H. Tutton, by the action of 
iodine on phosphorous oxide ; 5 F 40 Q-f 8 l 2 = 4 P 2 T 4 +Gp 205 ; A. Besson, by the action 
of iodine on phosphorus hemioxide in ^e presence of carbon tetraduoride ; and 
B. Boulouch. by the action of a soln. of iodine on phosphorus tetritaiodide ; or by 
heating the tetritaiodide : 4P4l=14P+F2l4. 

The properties ol phosphnms diiodide.— The pale orange-ooloured, triclinic 
erystals were found by A. E. Nordenskjold to have the axial ratios a:b:o 
«1K)365 : 1 : 0-6362, and a=97° 54', j5=106° 25', and y=B0° 30'. B. Bamberger 
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Mid J. Philipp nid that the oystals aza probably not iaonunidKnu irith tboM 
ol ammio dxiodide. Analym made by H, Bitte, and B. Corenwinder agree 
the formula PI^i bnt the vap. denaty detenniiiations of L. Txooet agree wMi 
the formula Puli, ainoe at 265° and 59-99 mm. presa., he obtained a vap, denaity 
between 18*0 and 20 * 2 --theory for Ps 04 reqiiiiea 19*4. L. Tiooat found that in an 
^tm. of nitrogen under diminished press, the diiodide is not decomposed at 265° ; 
ittt A. Beaaon said that some decompoaition occura during fusion, and at 100M20° 
and 15 mm. press., the sublimate conaista of phoaphorua triiodide, and there is a 
residue of red phoaphorua. There is therefore some uncertainty in the mol. wt. 
deduced from the vap. density. The m.p. given by B. Corenwinder, A. Besaoni 
A, Michaelia and M. Pitsch, and E. and P. Fireman is 110° ; and J. L. Qay Lusaao 
gave 100 °. B. N. Trailer and F. E. E. Germann gave 124-5°, and added that 
when a little sulphur is present, the m.p. is lowered. J. Ogier found the heat of 
formation of the solid diiodide from solid phosphorus to be (P,l 2 BoUd)= 9 'B 8 Cals., 
and (F,l 2 gM)= 20*68 Cals. 

B. Corenwinder noticed that the diiodide is decomposed by water into 
red phosphorus, some phosphine, and hydriodic and phosphorous acids ; and 
A. Gautier said that if water be gradually added to the diiodide the reaction can be 
symbolized: P 2 l 4 + 5 H 20 = 4 Hl+ll 8 PC 4 +^P 02 i Boln. remains clear; 

and with a large proportion of water there is formed a yellow precipitate with the 
composition PsHsO—^idr supra, K. 1. Lissenko, A. Michaelis and M. Pitsch, and 

A. Stock and co-workers consider A. Gautier's product to be impure hydrogen 
diphosphide. U. Antony and G. Magri found that 100 parts of liquid bydrogn 
sulphide dissolve 0-09 part of the diiodide with an absorption of heat and the 
production of a yellow soln. which conducts electricity. l3ry hydrogen sulphide 
does not act on the duodido at ordinary temp., but L. Ouvrard represented the 
reaction at 100° ; 2F2l4+3H2S=P4S8l2+6HJ ; he also represent^ the reaction 
with phosphorus trisulphide : P 2 ^+p 2 l 4 =F 4 S 8 l 2 +l 2 - J* Tarible found that 
with bomn tcibromide, the complex phosphorus hJrofnbromodiiodtde, P 2 l 4 . 2 BBr 3 , 
or Pl 2 .BBrg, is formed ; while 0. Gnstavson observed that the diiodide does not 
react with hoEOn triodde. B. Corenwinder said that the diiodide is soluble iu 
carbon disnlidiide. V. Auger showed that magnesium methyl iodide reacts with 
the diiodide, forming tetrameihylphosphonium iodide; and methylf ethyl, Or 
propyl iodide, form iodides of the alkyl phosphines. V. Dessaignes found that 
tartaric add and water react with the duodide at 100 °, forming mahe acid and then 
succinic acid, but over 120 °, gaseous products are obtained. A. Grauger found 
that when the diiodiilc is heated to 275°-^00° in a sealed tube with mercury, or when 
the vapour of the diiodide is passed over mercury at 250°, or when the duodide is 
treated with mercury, normal mercuric phosphide is produced. A. Gautier showed 
that the diiodide reacts with silver boride at urdinory temp. : GAgCl+ 3 Pl 2 
= 3 PCls+ 6 AgI ; and A, Besson represented the reaction with mercurous chloiide 
by a similar equation. 

The hanmticii and prqiaratiDn o! phosphoms triiodide.— F. Sestini, 

B. N. Trailer and F. E. E. Germann, and B. Corenwinder prepared phosphorus 
triiodide, FI 3 , adding 12 parts of iodine to a soln. of one part of phosphorus in 
carbon disulphide, evaporating the liquid out of contact with air, and cooling the 
syrupy liquid by means of a freezing mixture of ice and salt. The red crystalline 
plates can be freed from the solvent by a current of air at 50°-G0°. L. Ouvrard 
used this process. A. Besson said that the ready solubility of the triiodide in this 
solvent makes the process an unfavourable one, and the product has not a high 
degree of purity. P. Hautefeuille prepared the triiodide by the action of dry 
hydrogen iodide on dry phosphorus trichloride at ordinary temp., and A. Besson 
recommended this process, using hydrogen iodide and phosphorus trichloride alone 
or in the presence of carbon tetrachloride as a solvent. H. L. Bnape made the 
triiodide by heating dry phosphorus trichloride and potassium iodide— with oxygen 
excluded— in a sealed tube : A. Besson, by the action of hydrogen iodide on 
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phosphoiyl choride;L. Ouvrard, bj heating the thiophosphoryl iodide: SF^SIi 
; A. Beeson, by the action of hydrogen iodide on thiophosphoryl 
ohloride : FSC^+SHIcsPIg+I^+EsS+SHCl, by the action of iodine mssolvod in 
carbon tetrachloride on phosphorus hemioxidej and as a sublimate by heating 
the diiodide under reduced press. — eide supra; B. Bonlonch, by the action of a 
sohi. of iodine on phosphorus tetritaiodide; and E. and P. Fireman, by heating 
phosphorus pentacliloride with phosphonium iodide : SPClg+SPHJsPTs+PCla 
-|“12HCl^-4P. 

The inoperties ot phosphorus tEiiodide.^Tho deep red tabular or columnar 
crystals were found by A. E. Nordcuskjold to belong to the hexagonal system and 
to have the axial ratio a : : M009. The analyses by B. Corenwinder, and 

A. Besson, and the vap. density determination by L. Tioost, agree with the formula 
PI3. The vap. density at 250° under diminished press, was 14.-32-14-61 when the 
theoretical value was 14-29. F. M. Jager gave for the suifnco tension of the molten 
triiodide 56-5 dynes per cm. at 75-3'’; 55-5 at 99-9" ; 53-6 at 121-4°; and 51*4 at 
ISC^. B. Corenwinder, L. Ouviaid, F. M. Jager, and H. L. Snape gave 55° for the 
m.p. ; and A. Besson, and R. N. Traxlcr and F. E. E. Geniiann, 61°. By the 
application of some arbitrary assumptions of F. M. Flawitzky, A. M. Wasileefif 
infened that the triiodide is a eutectic of the diiodide and indiuc. B. Coren winder 
said that the triiodide boils with the escape of iodine; anil L. Ouvrard found that 
decomposition occurs when the compound volatilizes. A. Besson, however, said 
that the compound can be sublimed between 10()" and 120° at 15 mm. press., but 
at a higher temp., iodine is set free. M. Berthclot found that the heat of formation 
of the solid triiodido from solid phosphorus is (P,3 Ir,is) ' 26-7 Cals. ; (r,3I,onii) -10-6 
Cals. ; and J. Ugier gave (?,3l)=10-9 Cals. U. Scblundt found the dielectric 
constant of the solid triiodide to be 3*66 at 2U°; and for the liquid, 4-12 
at 65°. 

B. Corenwinder said that phosphorus triiodide is decomposed by moist air, 
and, added L. Ouvrard, this more easily than is the case with the diiodide. 

B. Corenwinder found that the triiodide reacts with water, forming hydriodic and 
phosphorous acids and a yellow solid ; and A. Besson also found 1 hat iodine or some 
other solid separates out. J. H. Gladstone found that the triiodide is converted 
by cblorine into the trichloride. B. Hnnsliau discussed the mol. wt. from the ciTect 
on the f.p. and b.p. of iodine. With a soln. of sulphur iu carbon disiilpliide, 
T. Earantassis observed the formation of phosphorus tetracositfaiotiiiodide, 
Pl3.3Sg. L. Ouvrard represrnted the reaction with dry hydrogen sulphide on 
the molten triiodide by the equation : 2Pl3+21l2S=^4Hl-|-P2S2l2 ; and at 150°, 
by 2PI3+3H21S— P2S3+6HI . C. Ilupot observed that the reaction with liquid 
ammonia above - 65° agrees with: Pl3+ir)NIJ3-P(NU2)8-j-JNU4(NIl3)3l ; oud 
the triamidc is slowly resolved into the imide, P2(NII)3. L. Ouvrard represented 
the reaction with phosphoms trisolphide ; 2P2l^+2Pl3=3P2S2l2, and with an 
excess of the triiodide : P2S3+4Pl3=3P2Bl4. T. Earantassis found that phosphorus 
triiodide undergoes double decomposition with aisenio trichloride, antimony 
tri- and penta-^orides, biamaih boride, stannic chloride, and lead dilofida, 
but the corresponding reverse reactions do not occur. No reaction was observed 
between phosphorus triiodide and silicon or zirconiom tetrachloride. It is 
concluded that the iodides of the tcrvaleni metalloids of low at. wt. undergo double 
decomposition with the bromides or chlorides of higher at. wt. G. Uustavsou 
observed no reaction with boron triozide ; and J. Tarible found that with 
bOEOn trifaromide, the triiodide forms jihosphorus horoiriT/romodiiodulfi 2Fl3-t 2BBr3 
s=P2l4.2BBr3"|-l2. The triiodide was found by A. Besson, and L. Ouvrard 
to be readily soluble in carbon disulphide. J. W. Walker and F. M. G. John^u 
represented the reaction with methyl, e^L Or n-prcipyl alcohol by an equation 
of the type: Fl3-f3C2U50H=-2C3HfiI+HI+F(01I)3(0C2H5). A. Besson said 
that a Boln. of the triiodide in carbon disulphide is reduced by mercury in the cold, 
forming the diiodide, and if the mercury is in excess, mercurous iodide and mercury 
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i^phcmhide are fenned, J. H. Gladstone added that when the triiodide is dis- 
tillea with mercuric cblorid6y phosphom trichloride ie formed. 

P. Lemonlt obtained phosphonu iriaiodomercaiiitev r(ngl)3, by the action 
of phosphinOj diluted with hydrogen or carbon diosido, on a dil. soln. of potassium 
iodomercuriate. The product is washed and dried in variio. It is slowly decom* 
posed by warm water ; and rapidly by alkali-lye. Niliic acid and aqua regia 
decompose it violently. F. Venturoli prepared yellow phosphorus iodolUBiodo- 
mercUrifttOi I.V ; (11^1)2, by the action of phosphorus on an alcoholic soln. of 
potassium iodide. The product is decomposed by heat into phosphorus, and 
mercurous and mercuric iodides. 

The phosphoros ozyiodides.— A. Besson suggested that a small quantity of a 
phosphorus ozyiodido U formed wimn hydrogen iodide acts on pliosphoryl chloride 
because the ichulting phosphorus triiodide gives a relatively small quantity of yellow 
ciystallino plates when decomposed by cold water. Accordmg to S. Burton, 
an oxyiodide with the composition is found in the residue left in the retort 
in the preparation of cihyl iodide, and may bo sopar.ited by treating the residue 
with water, filtcrini;, and evaporating, whereupon it is deposited in red granular 
crystals, wJiich may be puriGed by recTystallizaiion. It dissolves readily in water, 
alcohol, and ether, forming colourless soln. Tt melts at 140®, and at a liiglier temp, 
gives off yellowish vapours, wliich lurn starch-iodide test-paper blue, and condense 
on a (old suif.ice as a}c11owislj-red erysialline deposit, exhibiting all the characters 
of the original substance, which therefore partly sublimes unaltered. Another 
oxyiodide with fhe composition PIg02. or P4l80fl, was observed in the residue 
from the prepnrntinn of fuming hydiiodic acid, and also in the residue from the 
pre|).iration of nietliyl iodide. 
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S 86. The Mixed Halidoe and Oxyhalidea of Fhoaphonia 

A number of mixed halides of phospborue have been reported. H. Moissan ^ 
observed that phosphorus trifluoride unites odditively with chlorine, forming the 
mixed pcntahalide, phosphoms trifloodichloride, PFsOlz ; and C. Poulenc recom- 
mended the following mode of preparation. Two half-litre flasks, provided with 
leading tubes from the upper and lower parts, and filled with chlorine and 
phosphoi™ trifluoride respectively, are connected in such manner that the fluoride 
can be displaced by mercury into the upper part of the chlorine flask. The gases 
contract to half their original volume, in accord with the equation PF8+C92=-PF8CI1 bi 
so that the operation is complete when the whole of the fluoride has been transferred. 
The mixture is left alone for some days ; it must not be shaken with mercury, as 
it is slowly attacked by it even in the cold. The trifluodichloTide is a colourless, 
non-inflammable gas with a sharp, irritAting odour. Its vap. density, 5 * 39 - 5 * 42 , 
is in agreement with 5 - 4 G calculated for PF8C12- It liquefies under ordinary press, 
at —8"^ ; and it is decomposed by heating it to 2 (K)®- 250 °, or by the passage of 
electric sparks : SPFaCln -3PF5+2PCI5. With hydrogen, at it forms phos- 
phorus trifluoride and hydrogen chloride. A small proportion of water decomposed 
it : PF3CI2+II2O -POF3+2liri ; and with a larger proportion, the oxyfluoride 
is decomposed: P0Fg+3H20=ll3P04-|-3HF. It is instantly absorbed and 
decomposed by alkali-lye. It reacts with sulphur at 115 ®, forming sulphur mono- 
chloride and thio])hosphoTyl fluoride (7.V.). When ammonia is brought in contact 
with the gas, a white cloud appears and condenses on the walls of the containing 
vessel— it is phohphorus tnlluodianiide ; with phosphorus at 12 U®, This compound 
is decomposed, forming pliosphorus trifluoiide and trichloride. Absolute alcohol 
absorbs the gas, forming a Lquid which is a mixture of ethyl chloride and fluoride 
and some pliospliorous acid. The gas is completely absorbed by sodium : while 
magnesium, mercury, aluminium, tin, lead, iron, and nickel attack it at 18 ()^, 
forming the metal chlorides, and lil)ciating phosphorus trifiuoride. 

H. Moissan found that bromine rapidly absorbs phnsphorus trifluoride, and if 
the trifluoride be in excess, the hquid is almost decolorized and phosphoms tri- 
fluodibromides FF3Br2, is produced. In preparing this compound, the bromine 
should be cooled by a freezing mixture. Phosplioius trifluobromide is a pale 
brown, mobile liquid which fumes strongly in air, attacking the respiratory organs. 
The liquid freezes to a pale yellow crystalline solid at — 2Ci®, which melts imme- 
diately the freezing mixture is removed. When the liquid is kept at about 15 ® 
it soon begins to decompose, giving oil hubbies of gas and foinung crystals of 
phosphorus jientabrornide : r)PFgBr2— 3PF5 l-2PBi5. The compound is vigorously 
decomposed by water : PF 3 Br 24 4H2O “ilaP04+3HF+2HBr, It does not attack 
glass. H. Moissan also found that iodine absorbs phosphorus trifluoride, forming 
at 300 ®- 400 '^ a yellowish-red sohd— possibly phosphom trifluodiiodidep PFalg. 
The glass containing vessel is at the same time attacked. 

The action of bromine on phosphorus trichloride was first investigated by 
J. H. Gladstone ^ in an attempt to prepare a chlorobroinide. He found that when 
bromine was poured into phosphorus trichloride, it sank to the bottom and two 
layers were formed, the upper consisting of a solu. of bromine in the trichloride 
and the lower of a soln of the trichloride in bromine. These two layers could 
not be made to mix, but on adding a little iodine combination immediately took 
place with development of much heat, and, on cooling, red, crystalline masses 
separated, resembling phosphorus pentobromide with excess of bromine. The 
reaction was probably PCis+BTsIs^^PBrs+IClg. He tried other methods for 
preparing the complex compound, but without success. H. Wichelhaus said that 
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phosphorus trichloride and bromine unite with the development of heat, and the 
well-oooled mixture deposits crjstala of phoqihonu PCl 3 Br 2 , 

but at ordinary temp., the liquid separates into two layers. C. Friedd and 
A, Ladcnburg found an equimolar mixture of phoephorus trichloride and bromine 
behaved as if it wore a trichlorodibromide. A. Michaelis prepared the trichlorodi- 
bromide by keeping an cq. mixture of the trichloride and bromine in a sealed tuba 
at a winter’s temp, for some time ; the compound decomposed into its components 
at 35*^. A. L, Stem also showed that the trichlorobromide is the first product of 
the action of the trichloride on bromine. 

A. Michaelis said that the trichlorodibromide has the appearance of phosphorus 
^oentabromide. It derumposes about 35*’ into phosphorus trichloride and bromine, 
and these components re-unite at a lower temp. The compound is decomposed by 
water; H. Wicholaus represented the reaction rPClaBra+IIgO^POlg-fHOBr+HBr; 
followed by HOBr-fPCla^HCl+POBrClg; while A. Geuther and A. Michaelis 
represented the reaction by 3PCl3Br2+3H20“2P0Cl3+P0Br3+3HCl+3HBr. 

A. Michaelis found that with a soln. of bromine in phosphorus trichloride, it forma 
trichlorotetrabromidc ; and when treated with sulphur dioxide, PCl 3 Br 2 -f BO 2 
=POCl 8 -j-a()Br 2 , followed by 280Br2=802+SBr4. When the product of the 
reaction is distilled, bromine and phosphoiyl chloride pass over, and a black pro- 
duct, probably sulpliur nionobrnmide. remains. Cr. GuRtavson found that with 
borir oxide boron tnehloride and bromine are formed as in the case of pliosphorua 
pcntachloride ; IL Wichelhaus, and C. Friedel and A. Ladcnburg found that the 
trichlorodibromide reacts like the pcntachloride towards hydroxylic organic com- 
pounds; and A. Geuther represented the reaction with acetic acid: 
aPClsBrj+SCHaCOOTI :5CH3CO(l+l*OBr3+2POCl3-f ailBr. II. Wichelhaus re- 
garded the tri<dili)rodibroinidp as a molecular compound of phosphorus trichloride 
and bromine, but this iloes not harmonize well with the thermal decompobition 
r)rCl3Br2=3PL'l5-(-2PBr5 ; and, as pointed out by A. Miohaelis, its reactions do 
nut agree with the assumption that it is a mixture of phosphorus pcntachloride 
and pontubromide. 

A. L. Stern concluded from his study of the action of bromine on phosphorus 
trichloride that when bromine is added to phosphorus trirhloride, two atoms 
of bromine may be made to unite with one mol of the chloride, forming the 
chlorobromide ; when more bromine is added one atom of chlorine in this is 
displaced by bromine, forming phosphorus dichlototzibromide* PCl 2 Brg ; and still 
more bromine being added, this compound unites with part of it, forming phos- 
phorus dichloropciitubroiuide, POli^Brs, and at a lower temp, witli still more bromine. 
The number of atoms of halogen with which one atom of phosphorus can combine 
depends on the temp, ; thus phosphorus in presence of Ifj gram-atoms of halogen 
at temp. 13^0° ran combine with only 7 atoms, whereas phosphorus in the 
presence of 11 gram-atoms of halogen united with 10 gram-atoms to form a com- 
pound diKsociatuig above 10*". All the chlorine in the trichloride cannot be displaced 
by the imaidcd action of broraine, even if such a large exccbs as 12 gram-atoms 
of bromine to 1 mol of phosphorus trichloride be allowed to react for a month ; the 
presence of a small quantity of iodine, however, will enable a much larger quantity 
of the chlorine to be displaced. 

M. Fiinvault reported that yellow crystals of phosphorus tetrochlorobroiiiidet 
PCl^Br, separate when a cold boln. of the dibromoheptabromide in phosphorus 
Irirhloride is heated to its b.p, ; and this compound is also formed by the action 
of bromine chloride on phobphorus trichloride. He said that the ycUow crystals 
can be regarded as a mol. compound FCIs.BrCl. While the three bromochlorides, 
FC!] 4 Br, FOl 8 Br 2 , and FCl 2 Br 3 , can be regarded as substitution derivatives of phos- 
phorus pentachloride, or pentabromide. Compounds corresponding with the 
heptahalide— for example, phosphorus difshloropeiitabroiiiide, FCl 2 Br 5 , prepared 
by A. L. Stem, vide sviwa; and ^l 3 Br 4 , vide infra; with the u^own enneahalide, 

B. p. ; with the unknown henahalide, e.p. PClgBr^— have been reported. 
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The piosphoruB tr%€hhropeniQhm)\ide, PCSsBr^t of A. Michaelis is very doubtful 
It was said to be fonned hj adding bromine to on excess of phosphorus trichloride. 
It may be a supeisaturutcd soln. of ordinary trichlorodibiomide in bromine ; when 
the trichloTodibroniide is added to the alleged compound, phosidionu trichlorototll* 
bromidOs PCl 3 Br 4 , is produced. A. Michaelis obtained the trichlorototrabromide by 
adding bromine to an excess of phosphorus trichloride, and seeding the liquid with 
B mystal of the desired compound ; he also found that in a mixture of phosphorus 
trichloride and bromine, the lower layer immediately solidifipd, the trichlorotetra- 
bromide separated out, just as a supersaturated soln. solidifies when a crystal of the 
salt is dropped into it. M. Prinvault obtained this compound by allowing a mixture 
of equimolar parts of phosphorus trichloride and trichloroctobiomide to stand for 
some days in a scaled tube. He represented the reaction : P0l3BrB+P(^=21*Cl8Br4 ; 
he also obtained it by dissolving the dichloroheptabromide nnd then the trichlorocto- 
bromide in phosphorus trichloride, and allowing the soln. to stand for some days ; 
and also by the n*acrion : Pri4Br+Pri2Tjr7=:2P(1sBr4. The ruby-red prismatic 
crystals of the trichlorotetrabromide have a blue lustre. The crystals were found 
by A. BTichnelis to be always contaminated with adsorbed bromine, or phosphorus 
tiichlorido. The formula agrees with the analyses of A. Michaelis, and M. Prinvault, 
The former regarded these chloTobromidcs os mol. compounds of pliosphorus tri- 
chloride and bromine monochloride. As A. L. Stern pointed out, A. Michaelis' 
hypothesis is untenable in view of the displacement of the clilnrino of the trichloride 
by bromine; A. Geuther represented the at, structure of the tncLlorotctia- 
bromide by 


Bi, 


P- 


M. Prinvault found that the trichlorotetrabromiile decomposes at GO*^ when 
heated in a scaled tube : : 3 PCljBr 4 . when the liil)e is cooled, the 

reaction is reversed m a few days' time. A. Midiaelis said that the crystals melt 
when heated, forming two liquid lasers which ro-umte on c(K)ling to form crystals 
of the original salt. The compound is decomposed by a siiiall proportion of water 
into phos])hoTyl chloride and bromide, hydrochloric and hydrobromic acids, and 
bromine; and by a large propoit ion of uatcrinto phosphoric, hydrochloric, and 
hydrobromic acids and free brunime as recorded by M. Prinvault. A. ]\Iichaelis 
showed that the compound is not altered when shaken with ])hosphorus tricliloiidn, 
and it reacts with sulphur dioxide : i5PCl3J}r4+S02--2P0Ul3+8Br4+2Br2, 
According to W. Prinvault, when phosphorus trichloroctobrnmide is rapidly Jh- 
tiUed above 90*", crybtals of phosiptaoras dichloioheptabroZDide, PCUBr?, apjiear m 
the receiver. It was also formed by adding phosphorus trioLloridrt to bromine , 
there is a vigorous reaction, and after some time, the mixed liquids deposit crystah 
of this compound. The crybtals are said to he very unstable ; and to be decom- 
posed by dry air, by carbon disulphide, and by warming them- -phosphorus 
pentabiomide and bromine monochloiide are formed. The compound disbolvcs in 
phosphorus trichloride, and when the soln. is heated to its b.p., pho.sphorut> 
tetrachlorobromide is formed as indicated above. The dichloioLentabromide is 
decomposed by water into bromine, and phosphoric, hydroi'hloric, and hydrobromic 
adds. M. Fnnvault considered it to be a mol. compound PBis-SBrCl, but 
A. L. Stem said that M. Prinvault's hypothesis is untenable because compounds 
are known with less than 5 atoms of bromine to one of phosphorus. A. Geuther 
supposed that it has the atomic structure 


Br Br< 
Bt ^Br< 


Br 

Cl 

Br 

Cl 


Aa just indicated, H. Prinvault ioiind that ph O d p hO TO I MdilonMiiAninidBi 
Pm.'Rr. in nmdnced when the trichlorotetrabroinide ia heated in a aealed tube t(j 
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60 ^ fie also found (ha( when the homogeneoua liquid obtained by adding bronune 
to phoephoroe trichlozide is heated on a water-bath at 65 ° until btomine ie no 
long^ evolved, the red liquid which remainB fotme brown needles at — 4 ° to —' 5 °* 
A. mohaelis heated a mixture of two mols of biomuiu with one mol of phosphome 
tiiohloride, and obtained an oily liquid which, on cooling, furnished brown needlee 
with a green reflex. Analyses of the brown acicular cry^ls agree with the above 
formula. A. Michaelis found that the compound molts at about 25 °, re-forming 
the original salt on cooling. M. Prinvault said that the compound can be distilled 
below 90 ° without decomposition, but above that temp, it forms dichlorohepta- 
bromide ; wliilo A. Michaelis said that the compound caimot be distilled without 
decomposition, and that the vapour has the colour of free bromine. M. Prinvault 
observed that water decomposes the compound into bromine, and phosphoric, 
hydrochloric, and hydrobromic acids ; A. Michaelis found that at ordinary temp, 
the trichloroctobrumide reacts very slowly with sulphur dioxide, but when heaM 
on a wator-bath, bromine, pliosphoryl cUoride, and sulphur bromide are rapidly 
formed. M. Prinvault said that the compound is soluble in carbon disulphide, and 
sparingly soluble in phosphorus trichloride with which it fonns phosphorus tiichloro- 
teirabiomide ; A. ^chaelis made some observations on this subject — vide supra, 
phosphorus trichloropcntabromide. M. Prinvault regarded this substance as a mol. 
compound of Phr4 and SRrCl ; and A. Michaelis as a mol. compound ol 
PClgiir2.*JBr2. A. Cleuther regarded this compound as having the structure: 

&>'■=(»' li). 

C. 0 . Moot ^ reported what was probably phosphorus trichlorodiiodidB, FCl3l2> 
though the analysis corresponded with P(H)1. It was obtained by adding an excess 
of iodine to phosphorus trichloride, and allowing the mixture to stand a few days. 
The crystals were dried in a current of air, and recrystallized from carbon disulphide. 
The rcil, six-sided crystals ore decomposed by moist air, and they are very hygro- 
scopic. They decompose at 259 ° uith the separation of iodine. E. Baudrimont 
prepared phosphonu hezachloroiodide, PCI5I, or FCls.TCl, by the action of iodine 
mono- or Iri-rliloride on phosphorus pentachlorido ; PCl5+lC'l3=PCl6.ICl+Cl2; 
by direct addition of iodine trichloride and phosphorus trichloride ; and by the 
action of iodine on phosphorus pentachloride : «')FCl5-|-l2=2PCl|}I-}-PCl3. The 
compound sublimes at about 200 °, faiuishing oiange-ied needles or plates. Its 
vap. density is 4-993 at 260 '’ when the theorelical value for the undecomposed 
compound is 12-8 and for the compound, when dissociated; FCl5.ICl=ICl+Cl2 
H-P(fls, it is 4 - 27 . The compound fumes in moist air, and deliquesces rapidly ; it 
is decomposed by water : PCl5l01+4H2O=H3rO4+5HCl-fICl. 

A scries of phosphoryl chlorobromidcs has been reported, including, with the 
terminal members, POCI3, PO(l2Br, FOClBr2, and POBrs. N. Mcnschutkin* 
reported phosphoryl dichlorobromide, P0Cl2Br, to bo formed by treating 
phosphoryl cthylchloride, F0(C2H5)Cl2, with bromine drop by drop. The more 
volatile ethyl bromide so product can be separated by fractional distiUation from 
the phosphoryl dichlorobromide— phosphoryl ethylchloride is produced by the 
action of phosphorus trichloride on alcohol. Other phosphoryl al^lchlorides gave 
a similar product. According to II. Wichelhaus, phosphoryl dichlorobromide is 
produced by the action of bromine on a mixture of benzoic acid and phosphorus tri- 
chloride when phosphorus tiichlorodibromide is first formed ; FCl3Br2-f CsIIs-COOH 
s3pOCl2Br+HBr+C3H5CO01 ; but A. (kuther and A. Michaelis, and K. Eraut 
did not succeed in confirming this result, and they represented the reaction 
3PClBBr2H-3O0H5COOH=s2POCl3-j-POBr3+3C|iH5COCl+3HBr as in the analogous 
case wi^ water— vi'cie supra. A. Besson said that the ^chlorobromido is formed 
when the cUorodibromide is heated to its b.p.; 2POClBi2=POCl2Br-|-FOBr3 ; and 
when a mixture of hydrogen bromide and the vapour of phosphoryl chloride is 
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paased throng a ^laas tabe at 400”-^BOO* ; at tha aame time then arc tonned 
phosphotyl ohloTodibromide, and bromide. Thew can be e^aiated b7 feaetiaoal 
diatiUatioii. A. Geutber and A. Hiohaelia obtained it bj the action of phoephoina 
pentabromide on pyiophosphoiyl chloride : FBis+F20^Cl4ss2FOBtClE+POBri ; 
and A. Qeuther and 0. Hergt, by the action of the pentabromide on phosphonu 
ethoxydiohloride : F(OC|H5)CI{+I‘BrgsspOCl2Br+PBrs+C2H5Br, or on pW 
phoiyl ethoiydichloride ; PO(OC2Hg)Cl2+FBr5=POt'l2Br+POBr3+Cl2U2Bi. 
Analyses by N. Henschutkin, and H. Wichplbaiu apee with the above formula ; 
and N. Hensohutkin's value 7*52 for the vap. density agrees with the value 6’B6 
calculated for POCIeBt. Phot^hoiyl dichlorobromide ia a pale yellow, refracting 
liquid which, according to A. Geuther and A. Michaelis, freezes to colourloea, tabular 
crystals at 0°, and the solid melts at 11°. A. Besson gave 13° fur the m.p., and 
added that the liquid is very readily undcrcooled, and that crystallization is 
then induced by seeding with the dichlorobromiile or the chlorodibromide. 
N. Henschutkin gave 2-059 for the sp. gr. at 0° T. £. Thorpe, 2-12065 at 0°, and 
1*83844 at 137-6° and the mol. voL at the b.p. is 107-38. If the vol. at 0" is unity, 
that at the b.p. is 1-15894. He represented the vol., t<, at 0‘, by «— 1+0-001005186 
-|-0-0g490530^-f0-04410656’’. N. Henschutkin gave 137'' for the b.p. ; A. Besson, 
135°-138° ; and T. £. Thorpe, 137-6°. 0. Masson, and J. A. Groahans Btudieil 
the mol. vols. of tbe family of halides. E. Chambon, and A. Besson found that 
when fractionally distilled, or when heated in a .sealed tube at 185°, phraplmr}! 
dichlorobromide is decomposed into phosphoryl chloride and bromide. N. Men 
schutkin showed the dichlorobromide is decomposed by water, forming phosphono 
acid ; and E. Chambon, that phosphorous acid yields a mixture of bydrorhlonr, 
metaphosphnric, and orthophosphorio acuLs. 

Aa indicated above, A. Besson obtained phogphoryl chlorodibromide, VOClBr., 
by fractional distillation from the products of the action of dry hydrogen btoniule 
on the vapour of phosphoryl chloride at 4(Xi''-ri(X)°. The solid melts at .‘i() ’ ; boils 
at 163° ; and the sp. gr. at 50° is 2-45. As in the case of the dicblorolironiicle, it 
shows a great tendency to undercooling, and crystallization can then he induced 
by seeding with the dichlorobromide or the chlormlibroinide. The coinpoiitnl 
fumes in air, and is at the same time slowly decomjNised ; with water it forni- a 
mixture of phosphoric, hydrochloric, and hydrobroinic acids. When the Ininid 
IS boiled in contact with air, tbe bromine is jiartially displaced by oxygen, and I In- 
product contains phosphoryl chloride, bromide, and dicblurohroiiiule. AVlirn 
heated in a sealed tube, the reactions are : 2rOClBrE— POCl2Br+FOBr2 ; and 
3POClBr*=POl’l,+2POBr,. 
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I 87. The PluMphonu SnlpUdei 

'rha history of the rompounda of phoapbonia and aulphvr is truly a oomedy of etron. 
CSonpoonda diligently inveatigated and carefully deaciil » d by one worker could qot be 
prepared by another worker or else are reptesented aa mixtures. — B. ilKiMoonci. 

A. S. Marggral ^ recogniaed that tbe reaction of sulphur with phosphorus is 
very vigorous at an slevated temp,, indeed, when a mixture of the dried elements 
is heated in a test-tube so much heat is evolved that an explosion may occur. At 
a lower tciop. the fused elements mix in all proportions. Before any test was 
available as to the individuality of those products quite a large number of phos^ 
phorus sulpbides was reported by B. PeDotier, M. Faraday, A. Dupr 4 , A. Levol, 
R. Bottger, J. J. Berzelius, 6. Lemoine, etc. These include P^S, P4B2. P4^, 
PS, PA, PsSii, PrSj, PsSb. P487, PaSe. P489, PzSb, PsRo, and P^Sig. J. J. Berzelius, 

S ided largely by the analogy between sulphur and oxygen, said that “ phosphorus 
rzns with sulphur a series of compounds precisely analogous in composition to 
those it forms with oxygen. Moreover, some of these compounds may be obtained 
in two allotropio forms in one of which the phosphorus appears to exist m its 
ordinary state, in the other, in its red modifications ” 


J. J. Borzolius degorihod the pToparation of j^hoftphorua tetriiaardphidPf by mrlting 
sq proportions of the two element? under water, or on a water-bath ; W. U icke said that 
the union may be efferted at oidiiiary temp A red riiodiiication vtoa said to be obtained 
when the orflinary form, or the honiiaulpliido, ig lipiitid in rontnit with an electiopositive 
metal sulphide— say noilium siilplude J. J Bei/oliu? also desf iiljf'd yellow and red forma 
ol hmtwlphid4>, P^S, or P 481 , obtained in a similnr wav bv unmg eq proporlions 
of the two elements. Accoidmg to H. Seliulze, G Kanimo, /V. HcM, and F. Isambert, 
these hypoaulphidis are mixtures of sulphur with red or yellow pliosphoniH, though 
G fjemoine was inclined to icgaid them as chemical iiiilividuiila It Boul'iiuh reported 
phosphonia tttritapfrUasulphukt p 4 »S 5 , to bo formed by addmf? u cr\stal of lodmn to a mixed 
sohi. of sulphur (0-7 grnia ). and the tetritatTibulphido (23 grms ) lu carbon disulphide 
(200 0 c ). The crystal? wiuch sopamto m a louple of (lavs rotam the bolvsnt very 
tenaciously, and melt at 180^-210^ flo added tliat the bulphide 1 ? probably a solid soln. 
£. Dervui also reported pimphorwt oili/a/ enamlphtdf , to bo formed when a mixture 
of tlie tetiitatrisulphide and a carbon dihulpJiide soln of not 
enough aulphur to form is lusted in a sealed tul>e ab 
180°. The pioduct ib separated roorhoniraily from tlio 
The same sulplude was said to be formed by heating the totrdairi- 
sulphide with or P^Rq m the presence ot caibon disulpliido at 
180^ The crystals are not idsiilical with tho*>o of and both 
E. Dervin, and K Boulouch behove that tho product is proUtbly 
a solid soln. li. Houlouch reported the formation of plioitphotut 
intaptfnkuntlphtdp, m small crystals by the action of sulphur 
on an excess of phosphorus dissolved 111 carbon disulphide con- 
taining a httle iodine This ib probably not a ( hemical individual, 
but rather a solid boln The phobphona ppr^i^lphida or dode(a 
iulphide, of J J. Uorzehus, wos obtained by dissolving 51 — Fusion Curve 

■ulphur m homd betmsulphide. The produet appeared in crystuK AJixtures of Phos- 

resembhng those of sulplmr. This product is probably a solid phorus and Sulphur, 
soln. of sulphur m one of the other pliobphorua sulphides, although 
it appears os a maximum on H. Giron’s m.p. curve, Fig. 51, A Dupre's phoephonu 
hexantlphide, P|S«, obtained m an analogous manner, is probably a similar solid soln. with 
less sulphur. G. Homme apparently so regarded it. 



/brcent,fiksjp/iofus 


According to R. Bouloucb, the f.p. curve of varying proportions of phosphorus 
and sulphur associated by fusion at temp, below 100'' cousibts of two lines. Fig. 61 , 
which cut sharply &t the eutectic temp., 9 * 8 ^ and 22’8 per cent, of sulphur. Hence, 
there is no evidence of the formation of a definite compound of the two elements 
below 100 °. Mixed crystals, or sohd soh., rich in sulphur arc formed, and these 
are isomorphous with octohedral sulphur ; similarly, mixed crystals, or solid soln., 
rich in phosphorus, are isomorphous with phosphorus. F. Isambert found that 
when a mixture of phosphorus, even with a large excess of sulphur, is distilled at 
100° in vacuo, all phosphorus distils over, and a residue of sulphur remains. 
H. Qiran heaM nodxtuies of ths two elements in sealed tubes at about 200°, and 
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after cooling, found the temp, at which oomplete liquefaction oooumd. The reralte 
ace indioat<3 in Fig. 52. The formation of four difierent oompounds is mdioated by 
four temp, maxima on the corves representing the dependence of the liquefaction 
temperature on the composition. The maximum temp, are 167^, 296”i 272^| 
and 314'^, the conesponding composition being express^ by the formulas P4S3, 
respectively. The four eutectics at —40®, +46®, +230®, and 
+213® correspond approximately with the compositions F2S, PS, I^, and PS3 
respectively. The mixtures of sulphur and phosphorus, which are liquid at the 
onUnaiy temp., exhibit supcr-cooling to a marked degree ; solidification can only 
bo brought about by pooling to about —80®. 11. Boulouch added that there is not 
a eutectic at —40^ with 33'D per cent, of sulphur ; and ho showed that instead of 
the curve travelling DCBA^ it travels DBA with the eutociic at —7®. The appear- 
ance of precision conveyed by Fig. 51 is illusory. The whole subject wants carefully 
overhauling. A. Stork ami 11. von Bezold said that the existence of only the follow- 
ing compounds ; p4S3, P4S7, P3SQ, and PuBg of P4S10 can be regarded as definitely 
estabb'sliocl. Unlike H. (liran, tJiey obUined two maxima between P^Ss, ni.p, 
276®, and P48JJ, m.p, 166'— the one at 303’ rorres^wnded with IVS7, and the one 
at 298® with P3S0. M. Kudolph, and B. lIcrM*ovici also found a maximum at 31U, 
corresponding with P4S0, on the f.p. curve of the binary system IVSg-PgSs, The 
— 4U® observed by 11. (liian is probably due to a state of surfusion produced by 
rapid cooling. U. Boulouch fouml that the f.p. curve of rr^^stals rich in P4RJ) consists 
of two portions at different inclination^ and it is the intersection of the second 
portion with the curve of sohdificatinu of crystals rich in phosphorus which deter- 
mines the eutectic point. The point of intersection of the two portions of the 
curve of solidification of crystal** rieh iu P4S) occurs where the cone, of Bul])hur is 
30 per cent, and the temp. 44° (that is, the m.p. of tlie phosphorus), and ought to 
be regarded as a transition point. The most probable explanation is that aho\e 
44® phosphorus sulphide, P4S3, is deposited, ami below that temp, a mixture of 
phosphorus and phosphorus &esquisulphido. A. ({oiboff made some obhervatious 
on the composition of the eutectic. J. Mai represented P4S3^ P4S7. und l\Sio by 
the following grapliir formulic : 


p 

R-P 

s--pj 

S-P"'* 

8- 

6- 

6= 

R 

B=-S 
.p- K=-8 

P.S, 

P,8. 


Piv 



In addition to the numerous compounds re]>orted as a result of the direct 
union of the elcrnenls by fusiou. a number have Imn obtained - by B. ( \irenwiuder, 
II. Boulouch, A. Seidel, etc. - by crystalUzutiun from sola, of phospliorus and sulphur 
in carbon disulphide. A. llelff said that no compound is formed from soln. of the 
two elements in carbon disulphide. For A. Dclachaux's observations on the 
production of pho'^phorus sulphides by the action of hydrogen sulphide or sulphur 
on phosphine, lide supra. 

G. Lemoinc re]>ortod the formation of phoqihorus tetritatrixulphide, I4S3, by 
heating red }>li(to}ihi>ruM and sulphur to about 16fj® ; F. Isambert said that yellow 
phosphorus can bo employed if the violence of the reaction bo moderated by 
admixture with sand. Many others have eince leiiorted the formation of this 
compound by the direct union of the elements - -c.c/., A. Held, II. vou Bezold, 

G. Ramme, J. Mai und F. Schaffer, H. Scharff, and M. iludolpb G. I^einoiue, 

H. Rebs, and H. Sclinlze said that the tcirifcatrisulphide is also formal by 
heating the so-called t^iiritabulphlde to about lOU , in an indiflerout gas ; 
B. Dervin, by heating the hemitridulphide or the dotitahcnasulphide with carbon 
disulphide in a scaled tube at 200® ; and A, Besson, by the action of phosphine 
on thionyl, sulphuryl, or pyrosulphuryl chloride. H. Giran's curve, Fig. 52, 

an idea ol the part played by this compound in the binary system: 
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ki Stock and H. von Bezold said that thia compound is obtained by heating the 
calculated amounts of sulphur and rod phosphorus in a sealed tube to 180”i and 
oiystallizing the raw materials from alcohol. 

Stock and M. Budolph recommend the following ^2^ 
mode of preparation : 

An excess of led phosphorus is mixed witli finely* 20C^ 
powdered sulphur, and the mixture heated in a wide 
tube, sealed at one end, in an atmosphere of carbon 
dioxide. [I'he tomjwrature is first gradually raised to 
100**, and then the redaction start od by stronger local 
heating near the surface of the mixture. When the 
reaction has spread through the whole mass, the tube is 
strongly heated until tlu conifuite begin to distil, other- 
wise lughor sulphides of phosphorus are formed: the 
reacLiun product, whir>h cemsiatH uf red phosphorus and 
tetraphosphoruB trisulphidn, is allowed to cool in the fist cent* phoS/JlOftiS 

atmosphere of caTl)on dinxido, Tho irihulpliide may ho „ . 

separated from tho rod phosphorus by extraction with Mix- 

Carbonbihiilphiile or by distillation in an atm. of cGLrbou ihosphonia and 

dioxide, hut in both cases it is somewhat impure. {Sulphur. 


This sulphide oocurh in commerce under the name plmsphorus seisquisulphide, 
where it is einjdoyed in the manufacture of matches. Analyses have been discussed 
by M. Hudolph, (J. T. Morncr, H. Henzerliug, J. Mai and F. Scliafler, E. G. Clayton, 
L. Arousteiu, and C. van Kijk. E. G. Clayton found B3'34-97’86 per cent, of 
P 4 S 3 ; water and volatiles lost at 018-8*74 per cent.; phosphoric acid, 
l*23-2-14 per cetit. : luieojnbmpd sulphur, 0*17-4*17 per eent. , calcium phosphate, 
up to 3*30 per cent. ; calcium sulpha! e, up to 0*27 per cent. ; iron oxide, etc., 
up I 0 1*72 per cent. ; and silicious maiicis, up to 0-li) per cent. The objection- 
aide impurity is free pllo^]dln^UH. J. Mai and F. Schaffer .showed that if too high 
a temp. - say 3I0 - i& employed in its preparation, phosphorus wdll bo present; 
and if too low a temp he employptl, the substance cannot be conveniently powdered. 
Tho crude eominerciiil sulphide, which had been made by gradually heating red 
phosphorus with some excess of sulphur to a temperature of 330'^ in a current of 
carbon dioxide, was heated for 2-3 hours at 180 ^ in a stream of dry carbou dioxide ; 
the evcdutioii of hydrogen phosphide ivas observed, and the formation of a crystal- 
line sublimate ; this wus obtuiiied in much larger quantity when the sulphide was 
heated at 340°. This sublimate was luminescent at 40'’ when observed in the dark, 
and at that iempprature evolved a wliile vapour ; it molted at 155°-] 64°, was readily 
soluble in carbon disulphiile, and is undoubtedly phosphorus tetritatrLsulphide 
free from phosphorus. In lliis state, it melts to an amber-yellow liquid, and not 
red ns is usually stated. A further series of experiments were made with phos- 
phorus Bcsquisulphide, which had been oblaiued from the crude product by repeated 
crystallization from a mixture of carbon disulpliide and petroleum. When heated 
at it luuiinesecs strongly, emits a white vaijuur, and becomes slowly 

oxidized. When boiled with water luminescenuo coutiuuod as long as the water 
was boiled, but ceased as soon n.s the boiling was stopped. Alter prolonged (frs 
tillatiou with steam, a minute quantity of solid distiJlatp was obtained which 
consisted mainly of phosphorus tetritatrisulphidp mixed with a small quantity of 
oxidized substanecs ; the condensed steam contained hydrogen sulphide. 

Analyses of the purified compound by G. Lemoine, G. itamme, H. Schulze, 
J. Mai and F. Schaffer, L. Wolter, and A. Stork and co-workora are in agreement 
with the formula IVS* I^cnioine found that the fractional cr>siallization and 
fractional sulilimatiou of the tctritatriHul])hiJe gave no evidence of a heterogeneity. 
The vap. density determinations of G. Ramme, 0 . Lemoinp, F. Isambcrt, A. Helff, 
and A. Stork and H. von Bezold are in agreement with this formula, so also ia the 
mol. wt. calculated from the effect of this sulphide on the b.p. of carbon diaulphide 
by A, Helff, and A. Stock and H. von Bezold. The fused product appeals as a 
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ydlow ciyatalline maaa, and, acoordiag to Q. Lemme, when aystallued fnm ite 
■oln. in carbon disulphide, phoqihorus trichloride, or thiopbmhoiyl chloride, 
^eare in pale jeillow, riiombic prums. 0, Lemoine gave 21 for ue sp. gr. ; 
F. Isasibert, 200 at 11“ ; and A. Stock and H. vonBeeold, 203 at 17“> G. Lmoine 
ioond the m.p. to be 142“, but when the sulphide was nystallised from its sdn. in 
carbon disulphide, Q. Bamme obtained a much higher value, namelv, 166“; 
F. Isambert gave 167“ ; H. Bebs, 166“; A. Holff, 16!)“-100“; J. Hai and 
F. Bchafier, 155“-164“ ; and E. ScharS, 167“. H. Giron gave 167“, and added 
that the presence of an excess of either sulphur or phosphorus depresses the 
m.p. — ^Fig. 52. A. Stock and co-workers obtained 171“-172’6“ for the m.p. 

F. Isambert gave 380“ for the b.p. ; J. Hai and F. Schaffer, 408“-118“ ; 

G. Lemoine, 410°-420° ; and A. Stock and M. Budolph, 407 “-408“ at 760 mm. 
As indicated above, vap. density determinations bj G. Bamme, G. Lemoine, and 
A. Helff ranging from 7-43 to 817 are in agreement with 7*62 (air unity) calcu- 
lated for the tetritatrisulphide ; A. Stock and 11. von Besuld obtained : 

70U' TBO* SOO* 850* SOO* 050* lOOO* 

Vap. density . 21S 2ia 202 185 182 179 179 

in ogTocment with the calculated value 220“ when the temp, is near 700“ ; at 
higher temp., dissociation becomes appreciable. A. Helff, and A. Stock and 
M. Rudolph found the mol. wt. calculated from the raising of the b.p. of benzene 
to be 228 to 261 when the theoretical value is 220“. The heat of formation of the 
tetritatrisulphide is, according to F. Isambert, (4P,.3S)- 16*4 Oals. lie added that 
since the transformation of ordinary into red phosphorus is accompanied by the 
production of a greater amount of heat, namely, 20 ('als., the red phosphorus and 
snlphui ought not to combine directly. The fact that they do combine at an 
elevated temp , 180°, shows that the vap. press, of ted phosphorus at this temp 
must be high enough to convert some red pho8[ih(iTUB into ordinary phosphorus 
at the moment of combination. Even at 260“ red phosphorus unites with sulpliur 
only slowly and without an explosion, and then only an insignificant thermal 
change accompanies the formation of the teiri<atri*ulphiJe. A. Stock and 
F. Gomolka alM found the reaction between suljihut and red phosphorus to bn 
sbw at 200“. 

According to G. Lemoine, air at ordinary temp, has no action on the tetrltatri- 
Bulphide. This sulphide inflames in air at about ICIU and it can be distilled betwn-n 
3U0‘ and 41)0“ ; it can, however, be volatilized completely at 260“ in a current of 
carbon dioxide. A. Stock and M. Rudolph observed a sbght decomposition when 
the molten sulphide is kept for a month in a sealed glass tube, but they added 
that this may be an effect of the presence of traces of moisture. When distillcrl, 
A. Stock and H. von Bezold observed that the distillate was slightly richer in 
phosphorus— having 44'() instead of 43*7 per cent, of sulphur; and the residus 
m the retort slightly riclier in sulphur— having .'ki-S instead of 56*3 per cent, of 
phosphorus. B. Botiger, and W. Wicke observed that phosphorus sulphids is 
decomposed by light. 

According to E. Scharfi, when the tetritatrisulphide is heated in air at 80“, in 
darkness, a greenish flame hovers over the mass, and a white cloud with a 
characteristic odcot appears; if oxygen be introduced into the vessel, the 
Inminesceuce is at first intenrified, and it then disappears. As with phosphorous 
oxide, there is a maximum press, favourable for the lumioesoence. No ozone was 
detected. Since the tetritatrisulphide at an elevated temp, is partially resolved 
into ordinary phosphoius, it might be thought that tilie luminescence is prodawd 
by the oxidation of phosphorus or of phosphorous oxide ; but J. Hai and F. Sdhnfier 
{vide eupra), and E. G. Clayton agree that the glow is different from that of yellow 
phosphoms. E. Scharfi obsrrvra that in at 70“ end 368*48 mm. press., 

there appears abruptly, just over the sulphide, a clear, intermittmt luminescent 
glow which approaches the steady state ae the press. dinuinuheB, until at 294*50 



FBOSPHOBUB 


1061 


prett, the ImniiiesoenDB 19 oontmuotifl ; as the press, is incroasedt the ImmneBoe&oe 
a^pin becomes intenmttenti and Taziishes at 387*67 mm. press. The lesnlts at 
different temp, are indicated in Table VlII, for iiy and moist oxygen. Nornudlyi 


Table VIIT.- -ErrKLTP of TeuncRATiraK and Pressure on the Luminescengib ob 
J’ linsruoHua TirFKiTATiiist7i.niiDK. 


Dry oxysflD. 


Mobt oxygen. 


Temp. 


Steady. 

Endji. 

BeBliiK. 

Steady. 

Bode. 

mm 

Set'SO 

24Z-05 

31045 

274*36 

2.50-27 

281-36 



321 >85 

389*25 

358*48 

294-59 

387-67 


483'25 

427-05 

4U6-85 

481*23 

4U3*95 

486-17 


55H42 

C0U05 

592-26 

b33-B2 

613-74 

650-11 



557<85 

632*26 

766*47 


823-23 

■i 

001<72 

595*75 

079*15 


870*55 



the luminosity begins at 6^)^ and it bums at 90^ with a greenish flnino, forming 
phosphoric and sulphuions oxides. The press, at which the Inminescenco ceases 
is generally higher than that at which it starts* and the difference is greater, the 
higher the temp. ; and if the press, is again reduced, the luminescence starts at a 
higher press, than it originally did. The luminescence is not much afferted if toluene 
vapour be also present ; and it is feeble in the presence of turpentine, and the 
intermittent phenomenon pei'^ists. lodobenzene, benzene, chloroform, carbon 
disulphide, and alcohol give an enfeebled lumini'scence ; and with amylene the 
sulphide suddenly ignites at without showing the luminescence. 

The tetiitatrisnlphidc was found by G. Lemoine to be but slightly decomposed 
by cold water, while boiling water slowly fomis hydrogen sulphide and idiosphoric 
acid — for J. Mai and F. Kebaffer's observations with the commercial sulphide, vide 
Jtupra. A. Stock and M. Kudolf said that this sulpliide is more stable towards 
water than any of the other phosjihorus suljdiirleSjfor it is only gradually decomposed 
even by boiling water. G. Lemoine said that the sulphide is slowly but com- 
pletely decomposed by chlorine water, forming, according to F. Isambert, phosphoric 
and sulphuric acids. F. isambert found that a sob. of iodine m carbon disulphide 
rapidly attacks the tetritatrisulphide yielding phosphorus triiodide, but has no 
action on compact red phosphorus, a difference due to the fact that the formation 
of phosphorus triiodide develops less heat than the com ersion of ordinary phos- 
phorus mto red phosphorus. The phosphorus does not exist in the tetritatrisulphide 
as red phosphorus, all the latter liavbg been converted mto the ordinary variety 
at the moment of combination. A. Wolfcer .said that by coolbg a mixed carbon 
disulphide sob. of iodine and the tetritatrisulphide, yellow cr^'stals of tho iodide 
are formed. 6. Lemoine found that taydiocbloric acUd has scarcely any 
action in the cold. According to E. Dervin, when two parts of sulphur and one 
of phosphorus tetritatrisulphide are dissolved m carbon disulphide in a sealed tube, 
and the sob. exposed to tlie light for one or two months, fine pale-yellow transparent 
needles of the sulphide, P 3 Si, are formed. This compound is not affected by 
heating under pressure with carbon disulphide. In the above reaction crystallme 
spherical grains of Fg^ii formed. B. Boulouch said that if a crystal of 

iodine be added to a carbon disulphide sob. of sulphur and phosphorus tetritatii- 
sulphide, phosphorus tetritapcntasulphide ^adually separates out. G. Lemoine 
found that sulphuric has scarcely any action in the cold. According to A. Stock, 

liquid b a scaled tube forms a reddish-brown sob. which becomes dark 

red, and finally forms a brown jelly ; when the tube is opened phosphine escajm 
with the excess of ammonia, and there remains a viscid mass containing a imo* 
p^sphate and other subetances, G. Lemobe said that cold nitrie ocdd dissolves 
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the sulphide with the separation of eulphut ; agiia X6giA diaeolTee the ralphide 
completely. 7. iBambert made analogous oteervations. He also Dbier?ed that 
if some tetritatrisnlphide be placed on a stick of phoq^honui the latter melts at 
the point of contact ; and if a mixture of phoiiplibnia and its tritatrisulphide be 
heatM at 100'* in vacuo, phosphorus distils over oanying with it a small portion 
of the tetritatrisulphide. E. Dervin found that when the tetritatrisuIpWe is 
mixed with phoephofos tetiitahexMilphide, or idiosphoms totritadeoasulidiide, 
in carbon disulphide aoln., and heated to 180** in a sealed tube, the tritahexasulphide 
and ootitahen^phide are formed. A. Stock and co-workers examined the f.p. 
curves of mixtures of phosphorus tetritatrisulphide with phOQiboniS totlitadeca* 
Slllldlidei and found two eutectics with a maximum corresponding with phosphorus 
tetritoctosulphide ; while with phoephoros tetritahaptasolphide there is only one 
eutectic, G. Lemoiue found that the tetritatrisulphide dissolves in alOldufl* aud 
ether with decomposition The solubility in caibw disidplude was observed by 
G. Lemoine, and H. Schulze ; the former said that 100 parts of the solvout dissolve 
GO parts of the tetritatrisulphide, and A. Stock and M, Rudolph gave for the solu- 
bility in 100 parts of carbon disulphide at — 20^ O'*, and 17^ respectively IM, 
270, and lUO parts of the tetritatrisulphide, while 100 parts of benzene at IT** and 
80** dissolve lespootively 25 and 11-1 parts ; and 100 parts of toluene at 1 7^ and 111", 
dissolve respectively 31-2 and 15-4 parts. The yellow solo, in carbon disulphide 
gives a broad absorption band from the middle of the blue to the violet. G. lienioine 
said that a cold soln. of potassium hydroxide acts on the tetritatrisulphide with 
the development of much heat-forming phosphine, hydrogen, potassium sulphide, 
and potassium hydrophosphite — wde infra, oxythiophosphates. A* Stock and 
M. Rudolph found that finely-divided phoNphonis tetritatrisulphido reacts vigormisly 
with a sola, of potassium hydroxide when hydrogen and ]>lioHpluno (1 : 1 or 2 ; 1) 
are evolved. At ordinary temp., the evolution of gas lasts for days. ] f the reddbh- 
hrown solu. be acidified immodialely after it is prepared, a yellow preciintate 
resembling hydrogen dipho«^pliide is fonned. TLi^ precipitate is not formed willi 
soln. that have been kept for some time. According to M. Erouin, when this 
sulphide is in contact with the moisture of the skin, it evolves hydrogen sulphide , 
and, probably by reason of the formation of volatile phosphorus compounds, the 
vapours are said to be more poinonous than those of Quinary phosphorus. 

F. A. K^kuliS, G. Leznomo, A. Michaelis, and F. leiimbert rox>ortod jiAwp/ionM irinulph^r, 
P|8» or phosphorus tetrltahexasuiphlde, 1*184, to formed by inolting eq. proportions ot 
CM phospbonu and milpliur in on atm. of carbon dioxide. J. tlai oould not obtain a 
homogeneous product m tins way; end A, Hull! said that the produet is never 
homogeneous sinro the tetrifatri- and totntabepta>8u]phid^« ran be sepuraled from thr 
prodiirt. According to L. Spmiger, tlio loss due to the burning of the mixture of n*cl 
phosphorus and sulphur in tiie preparation of phosphorus tnsulpliide is avoided by 
at first heating only a sinali ixirtion of the mixture in a fireclay crucible until comhinatioii 
takes place, removing iixo humor and then adding Die mt of the mixture m sinHli 
portions at a [time. If the first charge takes fire, it is extinguished by mean-s of 
Bond, and after each subs^uent addition Uie lid is replaced on the crucible. Tlie action 
takes place quietly, causing only a shght puff and formation of fume. J. J. Berzelius 
obtained it as a sublimate by heating either Uto hrmisulpbide or xnanuoneM diphosphodi- 
aulphide, MnS P,S, and sulphur j H. Bcbulze, by heating the ao-callcd tetritaaulpliide and 
sulphur ; G, S Surullos, by the action of hydrogen sulphide on phosphom trtchloxide 
J. H. Gladstone used phospliorus tribromido, and L. Ouvrard, the tniodide ; A. 
by tlie action of hydrogen iodide on warm ihiophoaphoryl chloride ; and L. Ouvrard, by 
beating phosphorus dici\jl)>hodnodido m vacuo at SOfi®, or by treating the same compounri 
with water ; and by the decompohition of the suiphotetriodido. F. Kr^t and B. 
purified it by auhlimation in vaouo. The tetriiahoxasiilphida is variously deaenbed m a 
white or yellowish-white orystalline mass. Analyses by H. flchulse, J. J. B^uu»» 
and L. Ouvrard agree with the empirical formula PgSi, and F, Lwxnbcrt found ^ap 
donsity 10 ‘ 2 - 12*0 in agroeiuout with lO-Z required lor l*j8|. G. Rammo could 
this compound by heating the ekunents in the presence of carbon disitlpbide. J- 
A. Hell!, E JJervin, U. Boulouch, and A. Stock and co-workers all doubted 
of thie product aa a chemical individuaL It appean as a maximum on H. Girana tun 
curve, Fig. 61 ; but A. Stock and co-workers aid not verify this. OAimiiEfl 

Iba follow^ proporiies have been sMribed to the tetritahexa sul|iltt de : u. Bonuue 
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Mid that wlm heated H heeomee oraDge-yeUoWp meltep and then aublimee. G. Lemohie 
aaid that it fueee at 290^ and F. Giran, 226^ J. J. Bmelius said that it BublimeB belo# 
tlie b.p. of nilpbur. F. leambeit f^ave 490^ for the b.p., wid M. von Booldtinghaneati, 
d46°--546'5°. Aooording to J. J. Berznlius, this sulphide d|i»eR not fume or luimnesee 
in ^rhness ; and J. J. Berzelius, and G. Lomoino found that it ia readily dooompoeed in 
moist air, forming sulphur and phosphorin soid. It boms with a yellowish-white flame 
when heated in av. F. A. Kekul 6, and G. Lomoine found that with wo^er it forms hydrogen 
Bulphido and phosphoric arid. A. Michaelis said that with hromim it forms a trisulpho- 
tetrabromide ; and L. Ouvrard, with iodine in Gie presence of carbon disulphide, disulpho- 
diiodidep A* J. Ualard found that with h^chloroue arid it forms chlorine, sod sulpbuxio, 
phosphoric, and hydrochloric acids. According to A. Bineau, it absorl^ ammonia vevy 
slowly, and in about 6 months a yellow aoUd with an liepatiu odour is formed. J. J. Ber- 
Bolius said that the sulphide ia soluble in aq. ammonia — vide infra, tlie action of alkali-lye. 
L. Ouvrard found that it reacts with phoaphorua dttodtds ; PsSa+Pil4=F4S|T|+2I, and 
with pItoaphoruB friiodidr ; or with an oxcoss of the iodide : F1S3 

+4Pl,»3P,Sl4. E. Ilervin said tliat when heated with phoaphorua tdritairiaulphide 
in the presence pf carbon disulpliide at 180°, it forms the so-rallcd pentasulphide, and 
oolitahenasulphide. F. Krafft snd B. Beumann observed iliat with araenic at 240°-300*’, 
arsenic trisulphido and pliuftphorus are fonned ; and on analogous reaction occurs with 
atUtTnony at 328*’. Wlien heated with cai^n diavJphide iwder press., it forms the tetzita- 
trisulphide and tritahcsasulphide. F. A. Eekal6 said that with areZte acid, thioocetic 
acid is fonned ; and L. H. Friedburg, with surcmic acuf. Ildophene is produced. 
N, Speransky studied its action on menihonp. J. J. Berzelius foimd that the totritaliexa- 
siilpmdc is soluble in cold aq. soln. of the alkali caahoncdaa with the separation of sulplinr ; 
it is also readily soluble in soln. of the alkali hydrovidps. The pale 3^11ow soln, give with 
acids a white fbcruleiit precipitate of tho original sulpliide. G. lomoine said that the 
ovapuration of the soln. with very dil. alkali-l^'O yields alkali phosphite : but if tho alkali-lye 
be in excess, oxytliiupliosphites are formed. J. J. Borzolius, and L. Ferrand found that it 
unites with meial aiilphidea, forming thiophospliatos. 


mmmsi 




According to J. Mrl, some phosphorus tetritaheptoxidei P 4 R 7 , is formed during 
the difilillation of phusphoruH tetriialicxasuIphidB in vacuo umlpr 11 uim. press., at 
Thp product was heated with carbon disalphide in an atm. of carbon 
dioxide in a sCKlcrl lube at irK.)°-160'\ The crystals so formed arc pressed between 
filter-paper, and freed from the solvent by wanning them in vacuo. A. Stock 
and IJ. von Bezold made it by melting together 2 gram-atoms of reil phosphorus 
and three of sulphur, and extracting the muss with carbon disulphide with a reflux 
condenser ; by heating a soln. of the tetritatrisuliihidp and the tetritadecasulphide 
in carbon disulphide at 100 ^ ; and A. Stock and B. Herscovici, by heating an 
intimate mixture of red ]diosphorus and sul])hur in pro- 
portions eq. to P 4 S 7 with fi per cent. P 483 is heated in a 
hard glass tube until distillation begins. Tho cooled 
product is then recrystullized from carbon disulphide in 
whicli tho hejjtasulphide is sparingly soluble and the tri- 
sulphide readily soluble. The pale yellow or colourless, 
prismatic crystals decompose rapidly in air with the evolu- 
tion of hydrogen sulphide. This compound, said A. Stock 
and B, Herscovici, is more sensitive to moisture than is 
the case with the t^tritatrisuiphide. The analyses of 
J. Mai, A. Holfl, and A. Stock and co-workers and the 
vap. press. U*63-11'71 (air unity) of A. Helfl are in agree- 
ment with the formula 1 ^ 487 . A. Stock and B. Herscovici 
found the vap. density up to 700° in agreement witli 348 calculated for P 4 S 7 { but 
at higher temp, decomposition occurs, and the mol. wt. falls to less than half this 
value : 

700" 7B0" 800" 850" BOO" fljQ’ 1000" 

Mol.wt. . • 337 323 202 103 179 173 167 



0 gOiOmUiOll 
Mumper cent 

Fig. 53.— Melling-point 
Curve of Mixturea of 
F4S, and P4 Sjb. 


The sp. ht. is 2*1 9 at 17“. The sulphide sinters at 30r)“-308'’, and the m.p. is 310’, 
and it is not changed by repeated extraction with carbon disulphide. It hoib at 
623’ and 760 mm. The m.p. curve of binary mixtures of phosphorus tetritahexa- 
and tetritadecasulphide is indicated in Fig. 63. Tho m.p. curve, said A. Stock, 
has a "" eIc muTimnm at 310’ corresponding with and eutectics at 127’ and 
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47-6 per cent, of sulphur, and 248" and 60 per cent, of sulphur. Althonf|)i oidy 
sparingly soluble in carbon disulphide, this is the best solvent known for this 
sulphide— 100 parts of carbon disulphide dissolve 0-0050 part of the tetritahepta- 
sulphide at 0 ", and 0-0286 part at 17". 

A. Seidel prepared pAospAorus dtsulpAidc, or phoflphoros triMH^iaiinlphidBi 
PfSa, by heating the calculated quantities of ordinary phosphorus and sulphur 
with carbon disulphide in a seal^ tube at 210 ", and G. Ramme observed its 
formation when the at. proportions of the jdiosphorus and sulphur range from 
2:3 to 1 : 6 . The raw product was purified by crystallising it six times from 
caibon disulphide in a sealed tube. £. Dervin obtained it by exposing to direct 
sunlight a solii. of 2 parts of sulphur and one of phosphorus tctritatrisulphide in 
carbon disulphide ; the crystalline precipitate formed needle-liko crystals in two 
months' time. Ho o})tained it by beating the so-called octitahenasulphide with 
carbon disulphide at 2 (K)" in a scaled tube ; by heating the tctritatrisulphide and 
tetritahexasiili>bide with carbon ilisulphide at 180" — some octitahenasulphide was 
formed at the same time ; and by heating the tetrltahexasulphidc with carbon 
disulphiilo in a scaled tube some tetritutrisulphide was formed at the same time. 
R. Boulouch obtained this sulphide by exposing to sunlight for a couple of days a 
carbon disulphide soln. of phu'^phorus with an excess of sul))huT in the presence of 
a crystal of iodine. .1. Mai obtained the tritahexasuipbide by distilling a molten 
mixture of sulphur and phoNphf»rus in the proportion 2:1; and A. Ilelfi by melting 
together eq. ]iro]ji)rtions of the constituent clenicnts. d. Mai addeil that when nn 
intimate mixture of p]ioH])horus and sulphur in the at. proportion 1 : 2 , is heated in 
an atm. of carbon dioxide, and the product dUtilled. a yellow cry.'^tallinu Bubstanre, 
PiSjj, pasi.sea over. The later fractious cousW of a mixture nf pho-splmrus tritahexa- 
sulphide and tclritadecasulphide whuh caiiuut be separated by friiriional disiilla 
tion owing to the close provimity of their b.]). A. Stock obtained no ciidciUT nf 
the existence of this sulpliifle on them.p. curve of mixtures of phosphorus tetrit i- 
tri- and totritailcctt-siil])hides, Fig. 53 ; and H. (Jiraii's result, Fig. 52, is explained 
by the imperfeet equilibrium attained at he sbuuld have employed .‘liK) . 
H. von Beztdd, however, maintained that there U evidi'iico of the formation of 
this sulphide on the ni.p our^’e of mixtures of the telritatri- and tetritadeea- 
sulphides, but the compound readily di.s^in'iates into the tetritahept-asulphide, etc., 
on cooling. 

The analyses of G. Ilaiume, J. Mai, E. Dervin, A, HcHI, and A, Seidel agree 
with the cmjurical formula PSo ; and the \ap density determinations of 0 . Hamiue, 
and A. Helll agree wilh tlie fonnula l 3 Sg, w'hilc those of J. Mai agree with 148 '^- 
H. von lU'Zold obtained u rcmilt 'similar to that of J" M.ii from mixtures of phosphorus 
tetritaderasul]»hidc and letntatn- or tf'tritaUeptaHuljdiide. H. von Bezold's result 
for the effect of the tritallcxa^ 1 ]Ipllidc on the b.]). of carlion di.sulphidc agrees with 
PsSj. A. Seidel, (}. Bamme, A. HellT, R. Boulrnu'h, and E, Denun agree that the 
compound forms pale yellow, transparent, needle like crystals, J. Mai said that 
this sulphide easily dei-ompo^es, and after it has been in a desiccator for a short 
time, there i.H a sej»ar,ition uf sulphur. A, Keidel gave 248 "- 219" for the m.p. ; 
G. Ramme, ami A. Helff, 296''-2l)8' ; E. Dervin, 296’* ; and II. von Bezold, 298 '. 
J. Mai found that at 10-11 mm. press., this sulphide gives a pnie green vapour 
between 33r)"-340", and the ilintillatc has the composition P^Sg. M. von Reckling- 
hausen gave .^ICVipj for the b.p. J, Mai said that phosphorus tritahexasulphide 
readily decomposes ; and G. Ramme, that when heated with water for 5-0 hrs. 
in a scaled tube, hydrogen suljihide and phosphorous and phosphoric acids are 
formed, while a residue remains which is not soluble in carbon disulpldde, and 
which does not melt at 310". When heated with phosphorus, the tetritatrisulphid® 
is formed. This sulphide was found by A. Stock to dissolve in liquid ammonia, 
forming a brown solo, which after some time deposits crystals of ammonium 
amidothiophosphate ; and when the ammonia ie evaporated, some phosphmo 
escapes, and there remains a complex substance. 
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P4Si0-*4>y melting phoBphom and snlphnr in the ooireot pto* 
porliioiii. jL S^k and K. Thiel said that the prodoet so obtained is alwavB 
oontanunated with some lower snlphidesi so that the '’ommercial product is really 
a miztw. V. and 0. Meyer, H. Goldschmidt, and A. Helff obtained this sulphide 
from its elements* H. Bebs melbed a mixture of red phosphorua and su^hnr 
in the correct proportions ; digested the product with carbon disulphide in 
a sealed tube ; and, on cooling the soln , obtained crystals of this compound. 
A. Stock and B. Herscoviei heated a mixture of red phosphorus and sulphur in 
theoretical proportions, but with one per cent, excess sulphur in an atm. of 
carbon dioxide. The temp, is gradually raised, and near 100'’, after the reaction 
has spread through the whole mass, the temp., the contents begin to distil. 
The ^ely powdered product is heated in an evacuated sealed tube for several 
hours at 700'^, and the resulting mass recrystallizcd several times from carbon 
disulphide. The crystals arc finally dried at 100° in a current of hydrogen. 
A. Stock and W. Scharfenberg olso prepared this sulphide from its dements. 
G. Ramme heated a carbon disulphide soln. of phosphorus and sulphur in a sealed 
tube for 8-10 hrs. at 210°, and recrystallized the product from its soln. in carbon 
disulphide in a sealed tube. E. Dervin, A. Stock, A. Stock and H. von Schonthan, 
and A. Stock and E. Thiol used modifications of this mode of preparation. 
F. Isambert obtained this sulphide by the action of sunlight on a soln. of sulphur 
and phosphorus in carbon disulphide. J. J. Berzelius obtained it by melting a 
mixture of phosphorus hemisulphide or manganese phojphodisulphide, and sulphur ; 
or by heating molten phosphorus hemisulphide in a current of hydrogen chloride, 
and distilled the resulting product; A. Pauli, by the action of dry hydrogen 
sulphide on phosphnm at a red heat ; A. Bt^ssun, by the action of hydrogen sulphide 
on phosphoryl chloride, or of hydrogen iodide on warm thiophosphoryl sulphide ; 
and also by heating phosi)horus dioxytrisulphidc in vacuo at 150° ; A. Stock, by 
the spontaneous decomposition of dilluopyri>phosphoric acid : IH4P2O2S5 
^3P2S542HsP04+rilT2S. E. Baudrimont, by passing the vapour of thio- 
phosphoryl chloride through a red-hot tube ; A. Stock, by leading a soln. of phos- 
pboryl bromide in h'quid hydrogen sulphide for a hmg time in contact with 
phosphorus pentoxide , and evaporating the liquid. There remains phosphorus 
tetritadecaphosphidc. According to A. Stock, when ammonium trithiophosphate 
is treated with liquid hydrogen sulphide, and washed with carbon disulphide, it 
furnishes phosphorus tetritndccasulphido. 

Analyses were made by V. and C. Meyer, A. Besson, H. Goldscbmidt, A. Stock 
and co-workers. The results agree with the formula F2S5. The vap. density by 
V. and C. Meyer, A. Ilclil, and F. Isambert agrees closely with 7-67 required for 
1^85, but W. A. Tilden and B. E. Barnett add that the low value is due to the 
dissociation of the molecule. A. Stock and H. von Bczold found the mol. wt. by 
the vap. density method decreases rapidly with rise of temp., being 208 at 800° ; 
196 at 650° , 185 at 700° ; Hi at 800° , 136 at 900° ; and 133 at 11XX)°. A. Stock 
and W. Scharfenberg made analogous observations. The mol. wt. calculated from 
the rise in the b.p. of carbon disulphide by the dissolved sulphide is in agreement 
with the formula F4S10- A. Stock and W. Scharfenberg said that the commercial 
sulphide is not a chemical individual and has a m.p. 255° ; when lecrystaUized 
from carbon disulphide it has 3 per cent, less sulphur than is needed for P4Si(). 
According to A. Stock and E. Thiel, the pale yellow crystalline tetritadecasulphide 
exists in two forms. One— the ordinary— form is sparingly soluble in carbon 
disulphide, and the other form is readily soluble. At 240°, the ordinary fonn is 
orange, the other yellow ; the ordinary form shows no signs of melting at 273°, 
but begins to melt at 275°’-276°, and forms a clear liquid at 279° ; the other form 
sinters a little at 247°, is nearly all melted, and forms a clear liquid at 276°. The 
ordinary form is obtained by repeated crystallization from hot carbon disulphide ; 
the other form is obtained by the rapid condensation of the vapour of the ordinary 
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sulphide, utraGting the mass with cold oarbou disulphide and otystallieation bom 
the resulting solu. The otdmar; sulphide gives pide yellow crystals which are 
faiily stable in air, the other form is nearly white, aod gives off hydrogen sulphide 
in air. The two forms cannot be separated by fractional crystollwtion from 
carbon disulphide. The form which is more readily soluble in carbon disulphide 
does not exhibit a sharp m.p. While ehulliosoopic determinations of the mol. wt. 
of the ordinary form in carbon disulphide show it to have the formula F4S101 
Bimilai determmations with the form which is more readily soluble in carbon 
disulphide, do not agree with the formula P4B]o ; the mol. wt. being smaller than 
that in accordance with this formula, the piquet is probably a mixture. The 
sp. gr. of the ordinary form is 2*0^1, that of the other form is 2*06. V. and C. Meyer, 
and A. Helff gave 274®-276° for the m.p.; A. Stock, 275®-276'^--W{fc sifpro. 
A. Stock and B. nerscovici found the m.p. of the sulphide crystallized 10 times 
from carbon disulphide is 284‘’-291‘*, and there is no appreciable diflerenoe in the 
m.p. of the sulphide kept in vacuo for 3 mouths. A. Stock said that there is a 
partial decomposition on melting. J. J. Berzelius said that this sulphide boils at a 
higher temp, than sulphur, and that the vapour is paler in colour than that of 
sulphur. J. Mai found that the sulphide distils at 332°-3lO° under 10-11 mm. 
press., forming a pale greenish-yellnw vapour. W. Hittorf gave F)30° for the b.p. ; 
H. Goldschmidt, at 728*5-734 mm, ; F. Isamburt, 520^; M. von Reckling- 
hausen, r)23*G°; and A. Stock and B. Herscovici, 513^-515^^ at 760 mm. with 
partial decompositinu ; the decompusition, added A. Stock and B. Herscovici, 
occurs under all circumstances at 530^ in a current of carbon dioxide, or in vacuo. 
C. Graebc, and W. Enedit recommonded the use of this sulphide for the vapour- 
bath in vap. density determinations. K. KobI observed no fluorescence when the 
peutasulphide is exposed to ultra-violet light. 

J. J. Berzelius found that phosphorus teiritadecasnlphide burns when heated 
m air giving the characteristic phosjihoruH flame ; while in moist air, it decomposes 
as readily as the t/*lritaliexaf*ulphido, forming plios|du>rip aeld. F, A. Kekule 
represented the decomposition by water: 1 aSp-t *^1*2^* 211^ P()4 -{-51123 ; and 
A. Stock ami B. Ilcrst'ovici added that water attacks this sulphide slowly at ordinary 
temp., and rapidly when heated. L. (Urius found that when a mixture of this 
sulphide and thiovl chloride is heutod at l.V)' in a sealed tube it forms sulphur 
monuchloride and phosphorus pentoxido, and II. Prinz represented the reactiiur. 
6SOCl2+2l2S5=4PR(l3+3St)2-t'llR. R. F. Hunter wus unable to broniiiiate 
phosphorus peutasulphide by treating the s(»lii. in chloroform or carbon disulphide 
with bromine ; and a similar result vvus obtained with iodine. J. J. Berzelius said 
that this sulphide dissolves in aq. ammonia in the same manner as a delIqueM*cnt 
salt dissolves in water. A. Stock aud B. llofimnnn found that ainniouia unites 
additively with the sulphide, fr»rming phos]ihonis dodccamminotctritadecasulphidc, 
r4Bio.l2NH3 ; and A. Stock obtained the same product by adding the sulphide 
liquid ammonia. This compound is represent^ as arMnoniiim diimvlopenlalhio- 
pj/ropAosp/ude, S{P(8NH4)2(Nfl)}2 ; and the conesponding dimid^fdalhw- 
pyropfcospJwfic ocid, P286N2He, or P4SioANHa, pltosphorus 
sulpAtde, has been obtain^ in an impure form — vide phosphoius nitride. E. Qlalzel 
obtained thiophosphoric nitrile, NJ'S, by the action of ammonium dhloride ou 
phosphorus tetritadecasulphide. E. Dervin obtaiued phoBphoru.s trilahexa- and 
octitahena-sulpliidas by the fusing of a mixture of this sulphide witli phoSphorflS 
tetritatrisulphide in the presence of carbon disulpliido at 180° ; B* Weber repre- 
sented the reaction with phosphonu peutaoblorido : P28 b+ 3PC!15=5PB( la * 
L. CariuB, with phogphocyl diloride: 

E. Qlatzd, with antimony triddorido : P^5+8bCl8«=SbP84+I^ls- • A. Kekule, 

and L. Garius observed that the products of the reaction with nloohol are mercapUn, 
ethyl thiopbosphates, and hydrogen sulphide ; F- A. Kokal4, that noetic BCifl is 
converted into thioacetio acid ; and F. D, Dodge, noet ol i me into 
thiophosphate. T. £. Thorpe observed no reaction with dAon totiaohlOTW a ® 
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bi^Jemp. H. lUba found tliat tbe tetritadeoamlphide dissolveo m earbOQ dh 
WaSjfUB^ A. Stock and B. Hencovioi found that at loom temp., aay 16^, 100 parto 
of the BolvQiit diflsolye 0*222 port of salphide ; at O*’, 0-182 part ; and at —20% 
0<)833 part ; and A. Stock and E. Thiel found that 100 parts of carbon disulphide 
diasoli'e 0-513 part of the ordinary sulphide under conditions where 2-86 parts of 
the other variety are dissolved. C. Boitinger studied the action of the tetritadeca- 
sulphide on oigailic adds ; A. Enop, on aniline ; F. Bchwarze, on phenol ; B. Cinsa, 
on beneophenonozime ; and A. Andreocci, on eatipyiine. 

C. Friedel found that when phosphorus tetritadecasulphide is heated with metalS 
on a sealed tube at a red-heat, thiohypophosphates are formcd-^tnde infra. Accord- 
ing to J, J. Berzelius, the tetritadecasulphide dissolves in a soln. of allc^i hydrozido 
much as a deliquescent salt dissolves in water. The soln. has a pale yellow cobur, 
and acids precipitate sulphur with the evolution of hydrogen sulphide. The alkali 
thiophosphato cannot exist in contact with water. A. Stock and B. Herscovici 
said that the speed of dissolution in cold soda-lye is slow, and rapid in the hot lye. 
0. Enbierschky observed that some mono-, di-, and tri-thiophosphates are formed— 
vide infra. J. J. Berzelius found that a cold soln. of an alkali carbonate slowly 
dissolves the tetritadecasulphide with the separation of sulphur, at about GO". 
The process of dissolution is violent, no sulphur separates, but carbon dioxido is 
evolved. When the soln. is boiled, both carbon dioxide and hydrogen sulphide 
are evolved. J. J. Berzelius, and E. Glatzel observed the formation of complex 
sulphides by the action of the tetritadecasulphide on metal sulphides. L. Fenand 
obtained thiohypophosphates and thiophospliate by the action of the tetritadecor 
sulphide at 400" on metal sulphides. E. Glatzel found tbat SOdium monosulphide 
reacts, foiming the thiophospLate— infra. T. E. Thorpe and J. W. Rodger 
showed that lead fluoride or bismuth flud^e f-jinishca thiophosphoryl fluoride ; 
E. Qbtzol, that metal chlorides form normal thiophosphates ; and that leirio 
chloride reacts : 6FeCl8+F4Sio=3FeCl2+3FeS2+lVBCl3. 
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s 8& Blatches 

Tie oldest method of proctirin;; a flame, and one still practisod hy rcniuto 
primitive tribes, is by de.^1erou.sly rubhiii/v together two jiii'Ces of dry wood until— 
in a few minuter— a few glowing particle.^ arc produced ; thene are tjuiukly fanned 
BO as to inflame dry leaves or dried decaying vegetable mntteriT. At a bier period, 
a stream of sparks obtained by Rinkins a piece of steel was directed into dry 
Hiuler— charred linen— or dried vegetable mutter. The sparks soon started the 
tinder glowing, and this, in contact with some inflammable substance, was fanned 
into a flame. In the first century of our era, Pliiw, in his IlUtma tialurnlis (86. ijii), 
said that dry woud and cundle.s are kindled with sulphurised lamp-wicks, Fire 
is struck with flint and steel ; and the BiilpLiu seizes the flame, almost sooner than 
it can be named. The sulphurized lami>-wiok.s consiMt either of hempen or tow 
cords, or small pieces of iro^ covered with sulphur." Several Latin wriler.s, ron- 
temporanoous with Pliny, referred to these sulphurized lam[hwicks— Martial, 
EptfframtfyUa (L 42; 10. 3;, and Juvenal, StUirw (6. 4(H7)— whore the Latin 
sulfurola is Bometimes wrongly trausUied matche.s " or " brimstone matchos." 
(j. Agricola ^ quoted Pliny's remarks on this subject. In IfiOd, M. Saudivogius 
wrote : 

The aleh^Tiiist a^so bring awakened ouf of his dream fuimd nothing in his liand bub 
mat dies which ho made of brixuhtone so that the miserable aichymist learned nothing else 
by that vision but how to make raatchos. 

The tinder box, with its accompanying flint and steel, was much used up to 
about 18.%, and it w^as recently revived in the form of lighters made from auer- 
metal- 6. 38, 10. Among the early devices for quickly procuring fire were the 
ffj/rojiJiorus powder, free from phosphorus, which when sprinkled in air became 
r^-hot— «.j7. the powder obtained by roasting alum with flour, honey, or sugar out 
of contact with air and hermetically sealed in a glass tube ; and the powder obtained 
by igniting Prussian blue was treated in a similar way. The pneuimtic tifider hx, 
and light syringe of K. Lojrenz,^ oonUined tmdnr which was ignited by the heat 
generated when air was suddenly compressed by a piston. In the hyiropffwumat^ 
lamp or declrvpneumatic fire-prodvccrs of H, J. Mayer, and A. Fyfe, hydrogen yros 
kinged by an electric spark ; and the various modifications— *by W* Eisenlohr, 
C. H. L. vou Babo, S. von Ilfimer, It. Hare, C. H. Pfaff. C. F. Mohr, W. Herapath. 
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Pafltlf 0. tl« Schi^, and B« Bdttgn^-Hrf J. W* Ddbereiner’s pktUmm hmif^ 
in wUfih hjdfogen gas u ignited by causing it to impinge on spongy platinum or 
iridium. 

Many attempts were made abouk the end of the eighteenth century to produce 
fire conveniently by means of phosphorus. Thus, a particle of phosphorus was 
rubbed between folds of brown paper, and the resulting flame was used to ignite a 
splinter of wood tipped with sulphur. This was found to be inconvenient and 
dangerous. The so-called phosphorio tapers^ used about 1781, consisted of wax« 
tapers with their wicks coated with phosphorus. They were enclosed in sealed 
glass tubes. To obtain a flame, the glass tube was first warmed, then broken, and 
the phosphorus on the taper, on exposure to air, rapidly oxidiz^ and ignited the 
taper. The so-called pJmphorua loUles or phosphorus boxes-^pocket luminaries, and 
portable fire boxes — ^used 1786-1810, were internally coated with partially oxidized 
phosphorus. A splint of wood tip^ with sulphur was introduced with the vessel 
BO as to make a little phosphorus adhere. The oxidation of the phosphomsi 
assisted maybe by friction on a cork, caused the sulphur to ignite. About 1805, 
cxymuriate maiches, or chemical matches, were made by tipping strips of wood with 
a mixture of potassium chlorate, sugar, and gum ; th^ were ignited by bringing 
them in contact with sulphuric acid or asbestos soaked in this acid contained in a 
boltle. The matches were packed in boxes and sold as Funkfeuerzeugen, briquets 
phusphoriques, inflammable match boxes ; instantaneous light boxes, phosphorus boxes, 
eupyrion, sic. B. Jones patented a variety which he called promelhians. These 
consisted of paper tubes containing a small glast tube holding sulphuric acid 
coloured by indigo. The glass tube was emb^ded in a mixture of lycopodium, 
potassium chlorate, and sulphur. They were ignited by squeezing with pUers the 
end containing the glass tube so as to set free the acid. 

About 1627, J. Walker, 3 of Stockton-on-Tees, invented the first practically 
useful friction matches. At first, he sold a mixture of potassium chlorate and 
antimony bul])bido made up with gum. He called it percussion pinoder. After- 
wards he dipped the tips of strips of cardboard, and then splints of wood, with the 
mixture, and sold these matches as fndion-hghts. They were ignited by drawing 
their tips between folded sandpaper held between the finger and thumb. Imita- 
tions were sold under the name luci/ers. Some were tipped with sulphur as well 
as the chlorate mixture and sold as chlorate matches, heifer maJtcbes, allumettes 
infcrnales, allumeties chmiques, and SiieOzunder, The luciferB wore followed by 
matches which could be ignited hy friction on a suitable material fixed to the box 
holding the matches. The matches were tipped with a mixture of potassium 
chlorate, antimony sulphide, sulphur, and gum ; the rubbing surface fixed on the 
box was coated with a mixture of potassium chlorate, rod-lead, pumice-stone, and 
gum. Matches capable of being struck on the box came to be called oongreves. 

F. Di'rosne is generally created with having first tipped matches with a com- 
position containing phosphorus which ignited by friction. This was about 1812 ; but 
with no marked commercial success. Between 1831 and 1833, there were several 
claimants for the substitution of phosphorus for antimony sulphide in the lucifer 
matchea—e.y. C. Sauria of St, Lothair, Franco ; J. F. Kammerer of Ludwigsburg, 
Germany ; J. Irinyi, South Hungary ; and J. B. Baggert of Stockholm, Sweden. 
There are numerous patents for modifications in the recipe — e»g, 1635, 0. F. A. Tr6- 
vani and J. Krutzler ^ recommended red-lead or manganese dioxide in place of 
potassium chlorate. 

The manufacture of matohes has been dcecribed by Q. Gore,* W. H. Dixon, 
E. G. Clayton, etc. The commou friction matches were mode by cutting soft wood mto 
the lequirad stuipo by machinery. One end of tlie strip is dipped into some inflammable 
■ubetanoe— paraffin or sulphur, and thm into a paste made from yellow phosphorus, 
nianganeso dioxide, glue, and colouring matter. Other oxidizing agents can be used. 
Tlie matches are then dried. The glue protecta the phoephonie from oxidation, but by 
rubbing the head of the matoh on a rough surface, sumoient heat is generated to i^te the 
phosphorus in contact with the oxidiung agent. The burning {diosphorus igiutes the 
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culphur or parafflot and thia in turn Bm tha wood. Cotton threada dipped in paraffin 
are need in plaoe of wood to fonn the eo-oalled tiHXr veaCoa. NuinerouB otm euggpetiona 
haTO been made for the Bioxna of matrhea. Varioua vemiAhea* oonodion* and otiber 
piepeiationa have boon need for making the matrlioe waterproof ; and aoonting ingrediente 
—gum benaoin, inuikinoenaei etc.^havo been adrled to the vanuahea. HetmeBs laetcAee 
aro thoae in which the aplint ia soaked in some comnonud which eaaily glvea up ita oxygon, 
Patraitfl for this were obtained by V. Siinonet, H. Scliivarz, S. NeulMiig, 6. L. Fog and 
A. G. Kirscluier, C. G. Uuddo, Q. A. Haibier, H. Huntingdon, oto. 

In qiite of the greatest care, the phosphorus disease was an over-piesent menace 
in match factories using yellow phospliorus, and stringent regulaticma for the use 
of yellow phosphorus were introduce, followed by Ae complete prohibition of 
this agent in most civilized countries. The use of red phosphorus in plaoe of yellow 
phosphorus was mentioned in a Swedish Government report by Q. E. Pasch ^ in 
1847 ; the process was tried in many countries, but did not succeed. The higher 
cost of the red phosphorus, and the unstable and dangerous uaiuro of the mixtures 
emplo}'e(l, were largely responsible for this. Many of the advantages of the phos^ 
phorus, strike-anywhere matches were obtained! by the use of phosphorus sosqui* 
sulphide, t.e. tlie tctntatrisiilphide patonte^l in 181)8 by II. Sev^ne and E. D. Caiien ; 
although C. Puschner, in 18(K)» used phospliurus sulphide iu placo of phosphorus 
The use of scarlet phosphorus was patented by W. Muir and C. £. E. Bell in 1902 ; 
but it did not prove so efllcucious as the suljihide, and it has been abandoned. 
Some light red phosjihorus is, however, still in use in a few continental factories. 
Numerous other eubslitutes for phofikphorus have boen tried without succc.sh. 

In 18^)0, K. Bottger suggested that friction matches could be made which would 
ignite only by friction on a specially prepared surface. The process was patented 
in England by F, May in 18tri. The oxidizing agent- potassium chlorate, autiiiiouy 
sulphide, and glue — is put on the match stick, and red pliosphorus, powdered gls'^s, 
and glue on the box. These are the true safety matches. These matches have the 
disadvantage that they can be ignited only by friction on a prepared aurfaco, or by 
quickly rubbing them on a smooth nnn-conducting surface Uke glass or slate ; but 
they are not liable to ignite by accidental frirtiou. Numerous patents havo been 
taken for safety matches free from phosphorus— the oxidizing agent muy be 
potassium chlorate, dichronuitc, etc., and the red phosphorus on the box was 
replaced by antimony oxysuipbide and sulphur 
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S 88. Fhonhonu OiysDlpfaideB ; the Thiophosphorio Adda and 

that Salts 

Compounds have been reported mth part of the oxygen in phosphorus pentoxide 
replaced by sulphur. For example, A. Besson ^ said that phOBPhonu dinytfi- 
pn^Wila, FgOjS,, is formed when hydrogen snlphide is dissolved in phosphorus 
oxychloride at 0°, and the soln. is allowed to remain in a closed vessel, a yellowish- 
white, amorphous precipitate forms in about 24 hours, and alter many weeks small, 
ni^jniilaT crystala also separate. The amorphous product can be crystallized by 
dissolving it in phosphorus o^ohloride in a closed vessel at 150°. When heated at 
150°, the Dxysulphide yields a sublimate of pentasulphido, and if heated in a vacuum 
at 200° for several hours, it completely decomposes into pentoxide and peutasnlphide. 
It is dowly decomposed by water and moist air with liberation of hydrogen sulphide, 
bums in air or oxygen, and is violently oxidized by nitric aoid. 

T. E. Thorpe and A. E. H. Tutton reported phoqihonu trioxydisulpliidB. Fsf^Si, 
to be formed when a mixture of sulphur and phosphorous oxide is heated at 160° 
in a sealed tube, or in an atm. of nitrogen or carbon dioxide : F 40 ,+ 4 S=P 40 ,S 4 . 
The colourless rectangular prisms ore probably tetragonal terminated by a basal 
pli^iw The trioxydisulphide has a vap. density il-6-12-5, air unify ; this is in 
.■ paBmptit with the formula required for F 40 eB 4 . The compound melts at about 
102”, and boils without decomposition at 295°. The compound dissolves readily 
in twice its vol. of carbon disdphide from which eoln. it can be crystallized un- 
changed ; it also dissolves in benzene, bnt there is a chemical reaction with that 
solvent. ’ It rapidly in air, and then smells of hydrogen sulphide, it is 

decomposed by water : F 40 ,B 4 -|- 6 H, 0 = 4 HF 0 i' 4 - 4 H.S. 
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Oompoondd m loiown in wltioh all at part of the osjrgen of the aeids of phoe> 

e ionu haa been veplaoed by eolphiii. Even if the parent aoid ia not known, aalti 
Te boon obtained. Representativn of the following thiophoaiphoroiu ooida have 
been eo obtained r rnmiUtiojAotphorous aeii, Ht(HPSO|) ; dtfAwpAotphoroue oaid, 
Ht(HPS)|0); and triAiokyAnphotphorout acid, in whioh all tlutee 

hydrogen atome axe replaced by a metal aalt of AiopyroplhoapJiomia add, KtPjSf, 
have alao been reported. RepreaentatiTea of hypoOMphotplhcne add, I^^g, have 
been obtained, aa well as of monoAwpihosjAotio add, HgPSQi ; of dMiojMoijgAorib 
add, ^PSgOi; of trilhiophoipione add, BgPSgO ; aMrdhiojAotpkorie om, or 
arikdhkphos^Aoric arid, HgPSg ; of Awpwaj^atpikono add, ; of petdathio- 

pynphotpkoric add, HgPjSgOg ; and of trithiopmjAosphfirie odd, itiPiG^Og. 

It. Ferrand * prepared a seriea of fhioidiOlWiuaB by heating the metds with the 
calcnlated proportiona at red phosphoroa and anlphur in sealed tubes. Theae 
oompuunda are represented os dcrivatiTea of ttuo ph ogphowma aod, UgPSg. 
L Feiiand was unable to prepare aipric AiopAotpAde, CugfPSglg, in this way 
because the products were sulphur, phosphorus tetritahexasulphide, and onprio 
thiophosphate ; but he did obtain caprooi fbiophoaphit6| t'ugl^, by heating at 
450”, in an atm. of carbon dioxide to constant weight, a mixture of 3 parts of 
cuprous sulphide and 4 of phosphorus pentasulphide ,‘ and also by heating, in the 
absence of air and at a red-heat for 20-34 hrs., a mixture of cuprio sulphide and 
rod pho.sphoru8 ; or a mixture of coppw, phosphorus, and sulphur. The orange 
powder may have a metnllin lustre, and it consists of octahedral cr}'stnls. It 
decomposes at a red-heat in an inert gas, and it forms cuprio oxide when heated iii 
air. It is not attacked by water, boiling soda-lye, or boiling rone, hydrochlono 
acid ; fuming nitric acid decomposes it slowly in the cold ; ordinary nitric acul, 
and aqua regia attack it vigorously ; and with hot sulphuric acid it forms sulphur 
dioxide. L. Ferrand obtained a bUek mass of silver tbiophosphite, AgjVHg, hy 
heating a mixture of eq. quantities of tho constituent elements. The black mas.s n 
very rc.siatunt towards acids ; he obtained a similar product, AgiFSg, in an aualnguui 
manner. By heating a mixture of the component elements, pale yellow, hexegiin d 
crystals of ziiio thio^ihosphute, ZnjiPKglg, can bo obtained ; the salt is rapidlc 
decomposed by luoist air, and by acids. L. Ferrand did not make mm'utxut 
thiopkuphtlr, Hgsl*S 3 , but he obtained mercuric fhiophosphitCa llgstPSa);;, from the 
com]jonent elements at a red-heat. E. Randniiiont obtained it from a "I 

phosphorus tetritahexasulphide and mcrcurie sulphide. According to L. Ferrand, the 
orange-red cri’stalline mass cannot be aublimwl, but it melts in vacuo without 
decomposition; on the other hand, E. Baudrimniit said that it can be suUiiiied 
with ]iartial decomposition ; and that when heated the salt )>r<‘omes bliiek, and red 
on cooling. L. Ferrand found the salt ia attacked by moist air ; and is senrn ly 
affected by cold nitric acid, but decomposed completely by the hot acid. Long, 
white ciystuls of ahunintnm tbiophosphite, AlgfPK,)}, or perhaps AlFHj, are obtained 
by heating a mixture of the component elements. The salt is very unstable in 
air, and is decom])o8ed by water and acids with the evolution of hydrogen sulphide. 
A black powder of nhiwiwfnm thiophosphUo, (VgfPfislg, was obtained in a similar 
manner. It consists of small hexagonal crystals with a metallic lustre. The salt is 
stable in moist air ; is easily attacked by hot, cone, nitric add, and by aqua regia ; 
and is decomposed by fusion with a iiuxture of potossinm hydroxide and chlorate, 
or by boiling with soda-lye. A black, crystalline mass of small plates of lenvns 
thhiphlMphii^ Feg(FSa)t, obtained in a similar way *, it is stable in moist air. 
A dark brown mass of nickd fhio^Ulspbite, NiglPBi)!, ^ obtained from its com- 
ponent elements. It is decomposed in a few bouts by moist air ; and is attacked 
vy hot water, nitric acid, and by aqua regia. , 

6. Lemoino found that phosphorus tetritatrisnlphide is taindlpr decompi^l by 
a Boln. of sodium hydroxide with the evolution of hydrogen mixMwith phosphine, ana 
the separation of a small quantity of free jihosphorus. Hie evaporation of 
in vaouo yields otpstsls ofwdiiiminoiiflflttohyttroiplio^f^^ 
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Allfiiii, wlm ■ diL BohL of Bodinm hydroxide and an excess of tetritalriatdphidai 
at 0^, is evaporated in vmoo, h^rogen sulphide is evolved and sodium h^rch 

C hite is^ alone deposited ; if the sodium hydrojdde be in exoessi and the 
d ^In. is left over sulphuiio acid and phosphorus pentoxide for about S monthSy 
* prismatio crystals of sodium sulphidoi Na 2 S. 5 H 20 , ore deposited ; about a month 
bter^ cryst^ of the monothiohydrophosphite appear; and after 4 months, 
orystals of sodium mouothiophospbite, Na2(PS02).2H20, are formed in which all 
VliteB hydrogen atoms of the mouothiophosphoious acid have been replaced by a 
base — a mixed sodium monothio- and dithio-phosphite was also obtained. When 
the teUtatriaulphide acts on sodium hydrosulphide, hydrogen sulphide and 
phosphine are evolved, and the sola., on evaporation in vacuo, yields crystals 
of somum dithiohydiDphospbite, Na2(IlPS20).2|H20. 

When an excess of phosphorus tetritatrisulphide is gradually addeil in small 
portions at a time to ammonium hydrosulphide at 0 °, and the liquid allowed to 
stand for about 15 days, crystals of ammonium hydrophusphite are foiined, along 
with small quantities of a sulphur compound. If the mother-liquor be evaporated 
in vaouo, hydrogen sulphide is ropiously evolved, and in about 6 or 7 months, 
crystals of ammonium monottaiohydrophoaphite, (NIT4)2(HPR02).H20, are de- 
posited. When this salt is dissolved in water, and the soln. evaporated in vacuo, 
partial hydrolysis occurs, and wliat is probably a mixture of thiohydrophosphite 
and hydrophosphitc, 2 (NH 4 ) 20 .P 20 j 8 .i}ll 20 , separates out. The ammonium thio- 
hydrophosphites may also have some hydiogen sulphide in place of water of crystal- 
lisation. All these salts arc of the same pc ; sulphur replaces oxygen in phos- 
phorous acid; and in some of them the water of crystallization, and even the 
water of constitution of the phosphorous acid, has been replaced by hydrogen 
sulphide. In the latter case, the salts loae hydrogen sulphide at ordinary tempera- 
tures. All the compounds give precipitates with most of the metallic salts. With 
load acetate, they give a precipitate of the correspouding lead thiohydrophospbitOi 
which has a colour varjing from yellow to rod. It soon decomposes into lead sul- 


phide and phosjihorous acid. With hydrochloric acid, the solid compounds give off 
hydrogen sulphide. When heated to 2 () 0 ®- 240 ®, they lose hydrogen sulphide, but 
retain a portion of their siilphui, even after prolonged ignition. Wiien their 
aqueous solutions are boiled, all the sulphur is given oft as hydrogen sulphidt^, an 
alkaline phosphite being foimcil. The existence of these compounds aDorda 
further proof of the analogy between oxygen and sulphur. 

J, J. Berzelius ^ reported silver ttaiopyrophosphite, Ag4.P2S5, to be formed by 
heating a mixture of finely divided silver, j>hosphoTUs, and sulphur in an atm. of 
hydrogen. There is a vigorous reaclion, nml much phosphorus is vaporized. The 
grey mass forms a pole yellow powder. The suit readily dissolves in nitric acid 
without the separation of sulphur. 

C. Friedel ^ prepared a series of tbiobypophospliates by heating to redness a 
mixture of the metal, phosphorus, and sulphur in a sealed tube. L. Ferrand also 
obtained some of those salts in a similar way, and also by heating to 4 (.K)‘’ a mixture 


of the metal sulphide with an excess of pho.spliorns tetritahexadulphule or tetrita- 
decasulphide. The result with copper in both cases is to produce copper fhio- 
hypophoephate, (M2P2S0. The yellowish-brown powder contains some needle-liko 
crystals. C. Friedel obtained silver thiohypopliosptaate« Ag4F2SB, in a similar 
way ; and also a pale yellow mass of zinc thiohypophosphatei Z112P2SS1 consisting 
of pde yellow hexagonal plates of sp. gr. 2 - 2 . The salt is insoluble in water, but 
is ifeoomposed by boiling water with tlie evolution of hydrogen sulphide ; it is not 
attacked by hydrochloric or nitric acid, but is decomposed by aqua regia. 
L. Ferrond said that it is attacked by acetic acid with the separation of sulphur. 
A inoM of orange-yellow crystals of cadmium thidhypophosphatei Cd2r2SB, was 
obtained by L. Ferrand by heating a mixture of the component elements at a red-* 
heat. The salt is stable in dry air, but is decomposed by moist air, and by cold 
nitric a(^. C. Friedel prepared a sulphur-yellow crystalline naass of nmivifl 
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(liiolllIOiliOQiHitBb Ug^iBe> from • miztnn of the elemante heated m a lealed 
gUeetobe. The nit gnd^vblaolcene when exposed to light; and in the jmeenM 
a an exceu of phosphoraa enlphide it can be sablimed ; bnt it ie deoompom when 
heated alone. The salt ia slowly decomposed bj buling water with the erolntion 
of hydrogen solphide ; it is rapidly attacked by potash-lye with the eepaiatiim of 
meicniic snlphide. C. Friedd i^e brownish-whibB ahuniniam thiolinKiphOlldlhtei 
Al4(FsOe)g, by heating a mixture of the ronstitnent elements in a sealed tube. The 
white oiyBtid plates an transparent ; they rapidly become matte when exposed 
to air, and an decomposed by water with the erolntion of hydrogen snlphide. 
C. Friedd made staimic thiohypQPbOflplutei SnFgSg, by the same method ; muioai 
thkihipoiilioi^utte, SnjFgSg, seems to be formed in a similar way using the rig^t 
proportions of the three oWents. The ydlowish-brown mass of either nit is 
decomposed by boiling water with the evolution of hydrogen sulphide. C. Friedel, 
and L. Femnd prepared lead thiohyiiophosptotei PbgPgSe* ^7 the methods indicated 
above. The orange-yellow crystalline mass ia not attacked by water. L. Fertand 
reported chraminm thinhypophoepliate. CrgPgSg, to be formed by heating a 
mUnn of the component elemonts to redness for 24 hn. The block powder consists 
of hexagonal plates ; it is insoluble in nitric acid ; almost insoluble in aqua regia ; 
and attacked by molten sodium carbonate. C. Friedel prepared iron fllkdvpo- 
pbOSpbate, FegPgSg, in a similar way. It forms brilliant, greyish-blark, hexagonal 
kniBllm resembling those of graphite or specular heematite. The lamella, when 
very thin, are brown by transmitted light, and have no action on parallel polarized 
light. The compound ia attacked by nitric acid, but more easily by a mixture of 
tile acid with potassium chlorate. L. Ferrand prepared nickel thiolvpopbosphalei 
NigPrSg, by heating a mixture of the component elenieute to redness for 14 Lrs. 
It forms brilliant, grey, hexagonal crystals of sp. gr. 2 - 4 . It is stable towards 
moist sir, and is not affected by water or cold aci^ ; aqua regia attacks it slowly , 
it ia decomposed by a mixture of nitrio acid and potassium chlorate. 

L. Ferrand > prepared some normal thio-ortiiophosphateB by the action of 
phosphorus tetritahexasulphide, or tetiitadecasolphide on the metal sulphide at 
400 " ; and E. Glatzel, by besting phosphorus tetntadecasulphide with the met.d 
chloride ; 3MCl2~|*P2^6~P^^3~l'^sP^4~i^^^'^ > snlphide : 3M2S-{-p2S5=2MgPS4. 
All these thiophnsphates burn with a Uvid flame when heated in air ; ^ey are Jl 
insoluble in water, alcohol, ether, benzene, carbon diaulphide, and acetic acid ; some 
ate decomposed by sulphuric or hydrochloric acid with the evolution of hydrogen 
sulphide ; but they ate not affected by aq. ammonia, or potash-lye ; boiling nitric 
acid, aqua regia, or nitric acid and bromine easily decomposes these salts ; and they 

S 'cld sulphur ^oxide when heated with cone, sulphuric acid. According In 
, Ephraim and E. Majlcr, when sodium thiophosphate, NagPSg, is treated with the 
sedations of sulphides of other metals, reaction takes place either according to 
the equation : 2Nag?fl4-|-3M2S-|-2H£0=2MgFSgO-i-3Na2S-(-2H2S, or according to 
the equation : 2NagPA4-|-'11dei^+4H20=2M3P8202-i-3Na2B-|-4H28. In no case is 
the tetrathiophosphate of the second metal formed, owing to hydrolysis by the 
watn. 


E. Glatzel was unable to make normal Mniwnnimw fhiQpllOBPllAt^ (NHglgPSg, 
by beating phoaphorue eulphide with ammonium chloride; nor did he obtain 
the normal sodiimi thuvhiMipbatei NsgPSg, by heating a mixture of a mol of 
phosphorus sulphide with 3 mols of so^um chloride ; but he did obtain octo* 
bldMed Mdinm thiophogphate, NB2PB4.8U2O, by fusing sodium monosnlphidc 
and phosphorus tetntadecasnlphide ; 3(N^.9lIfO)-i-P2Rs^2(^''sP^’^^^2G) 

-{-llllgO. A cone. aq. soln. of the product deposits crystals of the salt. The salt 
cannot be rocrystallizM from water without doeompoeition. The pale 
odourless crystals, acicular or tabular, belong to the monodinic s^tem. Whw 
heated, tiie salt decomposes witii the loss of the water of erystoUization ; 
deomnposo the salt with the evolution of hydrogen snlphide with cono. sulphwio 
add oc oonc. nitrio add, there is a separation d snlphnr ; with soln. of the rnetsi 
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■alto, eoIoTued precipitates or coloured soln. are obtained. He obtained potawhim 
tUoirtlOlplurt^ ^81^4, contaminated mOi aome phoephonu tetritadeoasnlpludai 
and potaesium chloride. The yellow salt is fusible, and freezes to a cTTstaUine 
mass. It disrolves in water or w. acid with the evoldtion of hydrogen sulphide ; 
but dissolyes in aq. ammonia or potash-lye without developing a gas. 

E. Qlatzel made cnproas thlophoaphatei CU3PS4, from cuprous chloride and the 
vapour of phosphorus sulphide; and L, Fenand, by treating copper eulpho- 
phosphides with the vapour of pho^horus sulphide; by the action of phosphorus 
tetritadecasulphide on cuprous sulphide ; by heating cuprous sulphide, phosphoruSi 
and sulphur to redness ; by heating cuprous thiophosphite in vacuo, and washing the 
product with carbon disulphide, alcohol, and finally with ether ; and also by heat- 
ing a mixture of the elements to redness. The yellowish-brown or reddish-yellow 
powder consists of microscopic crystals, which burn when heated in air. The salt 
IS decomposed by boiling nitric or sulphuric acid, aqua regia, or a mixture of nitric 
acid and bromine ; but is not affected by aq. ammonia, or alkali-lye. Attempts 
to make capiio thiophosphote) Cus(PS4)2, always gave the cuprous salt. E. Olateel 
prepared silver thiophospluiteB Ag3p84, from silver chloride and phosphorus 
tetritadecasulphide. The sulphur-yellow crystaUine moss readily fuses to an 
orange-red or greyish-black mass, which when triturated gives a yellow powder. 
It is blackened when treated with alkali-lye. It is insoluble in water, organic 
solvents, and in acetic, hydrochloric, dil. sidphuric, and nitric acids, but it gives 
oi! sulphur dioxide when heated with cone, sulphuric acid, and yields silver chloride 
when treated with aqua regia 

Atiompts to mate caldum, strontiTim, and bazinm thiophoqpliates by the 
general methods were not successful. E. Glatzel obtained isinc thiophosphatoi 
Zns(PS4)2i from the dry chloride and phosphorus tetritadecasulphide. The small, 
colourless, or white crystal plates burn with a livid flame in air without melting. The 
salt is decomposed by nitric acid and bromine, and by aqua regia ; it is insoluble 
in water, aq. ammonia, and alkali-lye. Small white plates of the corresponding 
cadmium ttaiophosptaate, Cd8(FS4)2, was prepared in a similar manner, and its 
properties were similar to those of the zinc salt. Attempts to make mercurous 
thiophosphato, HgsPB4, always yielded mercuric thiqphogphatep Hg3(PSj2J which 
is best obtained from mercuric sulphide and phosphorus tetritadeoasulphido. The 
red crystalline mass looks like potassium dichromate ; it bums with a livid flame, 
without melting. It is insoluble in water, organic solvents, aq. ammonia, and in 
acetic, bydroohloric, nitric, and dil. sulphnric acids. Cone, nitric acid, and aqua 
regia have no action; hot cone, sulphuric acid gives sulphur dioxide; it is 
readily dissolved by a mixture of nitric acid and bromine ; and is blackened by 
potash-lye. 

E. Glatzel prepared fhaDoos thiophosphate, TI8FS4, by a method analogous to 
that used for the mercuric salt. The yeUow crystalline mass melts and bums with 
a green flame ; it is insoluble in water, organic solvents, and acetic acid ; it is 
decomposed when heated with dil. sulphuric or hydrochloric acid ; it dissolves in 
warm nitric acid, and in aqua regia ; it gives sulphur dioxide when heated with 
cone, sulphuric acid ; it is not attacked by aq. ammonia ; and blackens when 
treated with alkali-lye. E. Glatzel obtained StannoiiS flUOph(M|pluit6B Sna(PB4)2, 
by the reaction: 3BnCl2+2PzS5^2PSCl8+Sn8(PS4)2, os a grey, oiystaUino mass, 
which bums in air. It is insoluble in water, organic solvents, and acetic, dil. 
hydrochloric and sulphuric adds ; when heated with cone, sulphuric acid it gives 
sulphur dioxide ; and it is decomposed by nitric acid and bromine, aqua regia, 
alkali-lye, and aq. ammonia. Attempts to make staimio iliiqpiioppliat6» 
Sii8(PS4)4, Were nugatory. A grey crystalline mass of lead fhiopboipluitei 
Fb8(FS4)8i was prepared by the method employed lor the stannous salt. Its pro- 
peraes are similar. 

B, Glatzel obtained a grey, crystalline mass of anenio ttdqphoephate, Ai^B4i 
by heating a mixture of arsenic trisulphide and phosphorus tetritadecasulphide. 
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The Bih melta eufly and can be dutiUad irithoat deomnporitkm; it bans with a 
liyid flame when heated in air j it is ineolnble in water and organie solvents ; 
hTdroeUoiric add haa no aotion ; dfl. aulphnrio add decomposes it with the evdu- 
tm of hydn^n solphide, and when heated with oonc. mphurio add, it ^Ids 
sulphnr moxide. It is dissolved by nitric add, aq. ammonia, and alkali-lye. 
E. Olatsd prepared awHnumy ttdQpbosphjrte, SbPSti by tiie action of phosphorus 
tetritadecasttlphide on antimony trisulphide w trichloride. Forty grms. ol the 
finely-powdered phosphorus sulphide are mixed with 80 grms. ^ antimony 
trichloride by shaking in a retort, and warmed for one hour on the sand-bath with 
tiw nook of the retort pomting upwards ; when the reaction is ended, the phosphorus 
thioehloride and excess of antimony trichloride are distilled ofi. The antimony 
thiophosphate which remains in the retort is bright yellow ; it melts when the temp, 
is raised, and solidifies on cooling in radiating, fibrous crystals of brilliant, silky 
Instre ; when ground up, it yid& a straw-coloured fdted mass which smells of 
hydro^ sulphide, is insoluble in water, alcohol, ether, carbon bisulphide, hydro- 
oUoric acid, diL sulphuric acid, benzene, and acetic acid, but u decompose when 
boiled with cone, nitric acid, aqua regia, cone, sulphuric acid, and soln. of potassium 
or sodium hydroxide, and bums with a pale flame when heated in the air. 'When 
heated at its m.p. for some time, decomposition takes place, a part of the phosphorus 
sulphide distils off, and a ruby-red, amorphous mass lemams. E. Glateel made 
bumafh thiophiMpluite, BiPSS^, from the chloride: BiClg-j-PgSs’sBil'ri^+PMtjlg. 
The dark grey, crystalline mass burns with a livid flame when heated in air ; it is 
insoluble in water, and iu organic solvents. It is decomposed by boiling hydrochloric 
acid with the evolution of hydrogen sulphide ; hot cone, sulphuric acid gives sulphur 
dioride ; dil. sulphuriu acid has no action ; nitric acid and aqua regia dBCompo^o 
it with the separation of sulphur ; and it is decomposed by aq. ammonia, and 
alkali-lye. 

B. GUtzel prepared manganese thiophosphate, Mn3(PS4l2, from mangsnp^p 
sulphide and phosphorus tetradccasulphide. The grecni.Hh plates burn with a 
yellowish-white flame, without melting when heated in air. When heated to a lii<;li 
temp., phosphorus sulphide diatils off, leaving manganese sulphide. The salt is 
insoluble in water, and in organic solvents ; it is not attacked by hydrochloric ui-nl, 
it is easily decomposed by nitric acid, and by aqua regia with the separation 
of sulphur ; dil. eulphuric arid is without action ; and hot, oonc, sulphuric and 
furnishes sulphur dioxide. Attempts to makn fuiric ttuophOBphlto were a failure 
because the reaction proceeds : 3Kc2Clg-}-2l'sS(- 3Fet.'l2-|-3FoK2-|-4Pt>C1g, and not 
2FeCls-|-2F2S5=2PS('l,-|-Fe2(PS4)2. E. Glatzel obtained taw thiophosphate, 
FeglPSflg, from ferrous sulphide, not the chloride. The black crystalline plates burn 
in air with a livid flame, without molting. The salt is insoluble in water, organic 
solvents, and in acetic, dil. sulphuric and hydrochloric acids; it is decomposod 
by nitric acid, and aqua regia ; and it is decom[M»od by hot, cone, sulphuric acid 
with the evolution of sulphur dioxide. Aq. ammonia, and alkali-lye have no 
action. E. Glatzel obtained Dickd thiophosphati, Nis(P8t)2, by the reaction : 
3KiCl2-f-2P2S2— Ni2{P84)2-i 2rSCl3. The dark brown, crystalline plates burn in 
air without meltmg, and are decomposed at a high temp, giving off phosphorus 
sulphide and leaving a residue of nickel sulphide. The salt is insoluble in water, 
organic solvents, and acetic, hydrochlurio, and diL sulphuric acids ; it ia dscomjpoi^i'd 
by nitric acid, aqua regia, and hot cone, sulphuric acid. Warm aq. ammonia, or 
alkali-lye gave a green or brown coloration. 

C. Kubienchky * prepared a aeries of OigyfbioiplloniihatH inth only part of the 
oxygen of the normal phosphates replaced by sulphur. He said that acids decom- 
pose all thiophospLates ; hydrogen sulphide is evolved^ and, in some cases, sulphur 
separates. Monothiophosphates give white preoipitAtM with calcium, bariuin, ana 
strontium salts, the (Uthiophosphatea wM barium and strontium salts, and me 
trithiophnsphatM with barium salts only. All thiophoephatea yield precipitate* 
with cadmium, copper, silver, and morourous saHs, which decompose after a tune. 
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iiDariiilQg tile iiilphideB of the metob. With e dithiophoephAtef xnAngaiMe ealpluite 
1^60 • geeea oolorati^, which becomes darker on Bhaking ; a fumer addition of 
mangaiiese solphate gives a dark gieen preoipitato, which gradually becomes white* 
but on shakin g changes back to green. Ferrous saUe give a dirty peyish-green 
prmpitate wi^ monothiophosphates. Ferrio Balts give rod colorations with all 
thiophosphates, from which Bolufcions, on boiling, forrouB sulphide separates out. 
An esccesB of ferric chloride gives a precipitate with monothiophosphates only, 
which, on continued boiling, is decompmied with the production of iron phosphate 
and sulphuretted hydrogen. A soln. of a thiophosphate containing a small 
quantity of an alkaline sulphide gives an intense green coloration with ferric 
woride. Cobalt sulphate gives with a monothiophosphaie a blue precipitate soluble 
in excess of the latter to a blue soln. ; the dithiophosphates give dirty green 
precipitates, soluble in excess of the thiophosphate to green sola. ; the trithio- 
phosphates give a red to a brown coloration. In each case, boiling produces a 
precipitate of cobalt sulphide. Nickel sulphate in excess gives a light green 
precipitate with monothiophosphates, and a dirty blue precipitate with a dithio- 
phosphate. Many of these coloured soln., produced as above described, exhibit 
characteristic absorption-spectra. Nitric acid decomposes all thiophosphates with 
a precipitation of sulphur ; potassium permangauaLe, dichromate, and ferricyauide, 
are reduced by thiophosphates, sulphur separating out in each case, Honothio- 
phoRjiliates decolorize iodine soln. with an immediate precipitation of sulphur, 
whereas in the case of the di- and tri-thiophosphates the separation of sulphur takes 
place only after some time or on boiling. 

According to C. Eubierschky, trittliopbosphorie add, or (HSlsPO, 

oannut bo isolated from its salts because the liberated acid immediately decompoRes 
with the separation of sulphur and the evolution of hydrogen sulphide. 
C. Eubierschky did not succeed in isolating sodium triihiophosphate, No^PSsO, 
but a soln. of the Siilt is produced when phosphorus tetritadecaphospliato reacts 
with a soln. of sodium hydrnsulphide below 20°. A. Stock, however, obtained the 
secondary sodium salt, sodium hydrotrithiophosphate, (NaS)2(HS)FO, by the 
action of sodium ethoxido on the tertiary ammonium salt. It is easily soluble 
in water, aud in methyl alcohol, but decomposes when heated with the evolution 
of hydrogen sulphide. A. Stock and co-workors prepared ammonium trithio- 
phosphate, r0(SNH4)a.H20, by the action of water on ammonium iinidotrithio- 
phosphate ; it slowly loses water in a vacuum desiccator, aud tho aq. soln. gives 
precipitetes of various salts when added to soln. of the metal salts. A. Stock 
obtained copper trithiophoqihate from a soln. of cojiper sulphate and ammonium 
trithinphosphate ; and silver tri^ophosphate from an ammoui.ical soln. of silver 
nitrate. F. Ephraim and E. Majler obtained barium trithiophosphate^ 
Ba3(PS90)2.20H20, from normal sodium thiophosphate and a suln. of barium 
sulphide. The salt is stable when dry, but is decomposed by water or dil. acids 
with the evolution of hydrogen sulphide. Cone, nitric acid dissolves it, oxidizing 
the sulphur to sulphuric acid. Unsuccessful attempts wore made to prepare 
strontium Mihiophosphate, and calcium trithiophosphate ; A, Stock, however, 
did make the calcium salt from a soln. of the ammonium salt and a sob. of a 
calcium salt. F. Ephiaim and E. Hajiei prepared magnesium trithiophosphate, 
M^(PS30)2.20H20, by tho action of normal sodium thiophosphate on a sob. of 
magnesium hydrosulphide. It is precipitated by alcohol from the ati. sob. m 
the form of white needles. It is uecomposed by water and dil. acids. A. Stock 
obtamed white precipitates of one trithiophosphate from the ammonium salt and 
a sob. of zbo sulphate ; trithiophosphate from a sob. of cadiuim 

sulphate ; mercuric tritUophosphate from a sob. of mercuric chloride ; lead trithio- 
phoqphate, Pba(PS80)2, from lead nitrate ; bismuth trithiophosphate from bismuth 
nitrate ; and nbrnminm trithiophosphrie from a sob. of chromium sulphate. 

C. Eubierschky found that when dithiophosphoric add, 1131*8202, is liberated 
front its saltSi the acid immediatdy decomposed with the separation of sulphur 
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■od tlbft wolotion of st^bido. 0. SubieiMlkl^ pnpaied MBiMillaiit 

ditbioidloapiMte, (NH4)|F8]Og.2HtO, bjr the aetiDn of aq. anunonia on phosphoitu 
tetritadecasnlphide ; the aoln. ghrea aeioulor oryafols whioh effloresooi and at the 
tame time decompoee vith the wpantion of aulphur. A. Stock obtained it by 
adding alcohol to a coin, of ammonium imidotxithiophosphate until it appean 
turbid, then a few drops of water until the sob. clarifies, and then pour a bjrer of 
alcohol oyer the eob. and allow it to stand 24 hts. This salt is also produced when 
normal amiuonram trithiophosphate is treated with water at ordinary temp. 
C. Enbierschky said that the colourless needles effloresce in air and sulphur is 
separaM. He also prepared aodiam dithiophlMpliato, Na8l’S202.11H20, by 
dissolvmg m water the mixture of thiophosphates obtained by addbg a mol of 
por^ered phosphorus tetritadecasulphide to a moderately roue. sob. of 6 mols of 
sodium hydroxide, and heating the sob. at until all trithiophosphate 

has been destroyed, as shown by a drop of the sob. giving a green instead of a 
yellow or brown coloration with a sob. of cobalt sulphate. The sob. is 
now cooled, as further heating ronverts the dithiophosphate bto the mono- 
thiopbosphate, and alcohol is added ; a precipitate of almost pure sodium dithio- 
phosphate is then formed which may be purified by crystallisation from water. It 
forms Golontless, six-sided crystals, meltbg at dDMfi ' ; it decomposes bto mono- 
thiophosphate or phosphate and sulphur, at tenipcraturos a little above the 
ordinary. The corrrfqionding lithium dithiopbosplude, LisPSsOg, is a soluble 
salt by the action of ammonium dithiophosphate on a hthium salt sob. Potassiam 
ditbirvbosiihate, KgPS2^2i be obtabed only b soln. 0. Kubierschky 
obtained precipitates of copper dithiophosphate by adding smli mu dithiophosphate 
to a soln. of copper sulphate , and ailvet dithiophosphate was obtained in an 
analogous^ way, Unstable C^dom di^ophosphate, Ca3(P82Di!)2.f'llsO, a. is 
obtabed b needle-Iike crystals by the rapid evap. of the aq. soln. The aq. sohi. 
is decomposed by alcohol When a sob. of sodium dithiophosphate is added to oiu> 
of barium chloride, bubm dithiophosphate, Ba3(PS202}2.8Il2U, is formed as a 
white precipitate. F. Ephraim and £. Hajler prepared barium ditbophosphate, 
Ba2(Pl^U2)2.18H20, by the aetbu of normal sodium tbiophosphate on a soln of 
barium hydrosulphide. C. Knbierschky obtained stnmtiam dithiophosphate, and 
oahnum dithiophosphate by the method employed for the barium aalt. Unstable 
uagnesinm dithiophosphate, Hg3(PS202)2.ttH20, was obtained by the proceis 
employed for the calcium salt. It is very soluble in water. When a sob. of sodium 
dithiophosphate is added to one of magnesium sulphate in the presence of ammonia, 
a mnnmbm magnosbm dithiophos^iate, M^MgP8202.6^0, is formed. It 
closely resemhlcs the magnesium aalt. C. Enbierschky found that sodium dilhiu 
phosphate precipitates morcuiDas dahic^hnap hiite from soln. of mercurous sahs , 
an excess of the sodium salt with mercuric chloride gives when boiled a black 
precipitate, but with an excess of mercuric chloride, the precipitate romabs white 
when boiled. A green sob. is obtebed with manganese sulphate ; greenish soln. 
with fenons sulphate ; red soln. with ferric salts ; bluish-violet sob. irith nickel 
snlphate; and a dirty green precipitate — oohRlt ditbiDphORplnto— with cobalt 
snlphate which with an excess of the dithiophosphate becomes bright green. 

AoMrding to C. A. Wnrts, moaothitHIlillophW add, i> libera^ 

from its salts by the feeblest of acids, bnt it is immedbtely hydrolysed: 
HaPSCV+HjO^HjPOa-l-HjS, and, added A. Miohoelis, some phosphorus acid and 
anlphnr are formed at the same time. C. Knbierachky prepared sodioai mono- 
ttdogbogplute, Na,PS(]^.12H20, from the mixture employed for the preparation 
of the dithiophosphate. Ths sob. was treated with alcohol to precipitate the 
thiophosphates. The precipitated thio]>hoBphate8 an disedived b wato, end the 
»b. heated at 90 " for some time, b order to decompose the ditbophospna s 
bto monothiemhosphate and from this sob., on coolbg, the Utter sqmrotes out 
white six-aided tablets, melting at 80 *. Ihis salt is identioal with that obtoino 
by C. A. Wurtc by the action of phosphorus thbchlorids on sodinm byonxi e . 
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PS0ls+eNft0H«Na,PSQ8+SN?iCl+3H80. T. B. Thorpe and J. W. Eodgw 
obtained it likewise from the thiophosphoryl fluoride. B. Bathhe obtained it 
by C. Kabiex8chky*B process. The hexagonal crystals were examined by F, de la 
Z^vostaye. C. Kubierschky said the crystab mdt at 0O% and readily form 
nnderoooled soln. 0. A. Wurtz found that the crystals diseolve readily in hot water 
and are deposited on cooling ; tlie aq. soln. is alkaline. According to 0. A. WurtZi 
chlorine^ bromine, iodine, or nitric add reacts according to the type equation ; 
N^FS0^+Cl2+H2O=:NaH2pO4-|-2NaCl’fS-H)tdc supra, general reactions of the 
thiophosphates. C. Eubierschfy could obtain potassium monothifQdUMSpluitev 
only in soln, ; and similarly with normal or tertiary ammiminm moilOo 
tUfVhoQdiat^ (NH^)gPS03. A. Stock obtained the tertiary salt by the action of 
aq. ammonia on the primary salt— vide infra. It ddcuib as a bone-white, crystalline 
powder which loses 2 mole of ammonia when gently heated or dried over snlphoric 
acid in vacuo. It gives precipitates with soln. of the metal salts— vtds supra* 
A. Stock prepared primary ammonium monothiophosphate or atnmnnrnm diliyAro^ 
monotlli^hosphate by the action of water on imidotrithiophosphoric acid: 
NHP(SHb+3H20=-2H2S-fF0(0H2)(SNH4). By repeated soln. in water, and 
precipitation with alcohol, a colomlosa salt is obtained. When the salt is heated 
it forms hydrogen sulphide and ammonium metaphosphate. It is not clear if the 
ammonium radicle replaces the hydrogen of an OH-group. F. D. Dodge prepared 
ammonium dihydromonothiophoaphate, (NH40)(0H)2PS, or (NB4)H2PS(^, in 
which the sulphur is associated with the phosphorus atom : 

OH /OH /OH 

S=Pt-OH 0=Pf0H or 0=P^H 

ONH| ^0NH4 NsNH4 

F. 0. DodgeV suit. A. Stock’s salt. 

The former is deposited in yellow crystals, mixed with sulphur ; when acetoxime is 
treated with phosphorus peiitasulphide in carbon bisulphide soln. ; the insoluble 
product extracted with alcohol ; and the alcoholic soln. heated to boiling ; the 
compound separates from cold water in large, transparent, seemingly monoclinic 
prisms, melts at with decomposition, and is readily soluble in water, 

but only spaiingly in alcohol, and insoluble in ether and carbon bisulphide. It 
decomposes carbonates, gives a colourless precipitate with lead acetate, and is 
decomposed by hot dilute nitric acid with separation of sulphur and formation of 
phosphoric acid ; it is also decomposed by mercuric oxide, the filtrate from the 
precipitated mercury sulphide giving all the reactions of phosphoric acid. 

C. A. Wurtz precipitated copper monothiophosphate, Cu3(PS03)2, from a 
copper salt solu, by adding sodium dithiophosphate. The salt is very unstable. 
He also obtained sUver monothiophosphate in an analogous way. C, A. Wurtz, 
and C, Kubierschky obtained calcium, stnnithilxi» and beiiumi monothioidiOB* 
phates in a similar way from a Boln. of a salt of the alkaline earth and 
sodium monothiophosphate; magneaiam numottiiophosphate, hl^(PSO^)2.20H20, 
was also prepared os a white crystalline precipitate on adding a soln. of the 
sodium salt to one of magnesium sulphate ; and amiimninin magnesium mono* 
thiophosphale, (NH4)MgPS08.9H20, was obtained by a process analogous to that 
employed for the ditUophosphate. C. Kubierschky obtained precipitates of 
faAmiam monolUophosphate, and merouroos memothiophosphate by adding the 
sodium salt to a soln. of a cadmium or mercurous salt ; with a little meronrio 
chloride the precipitate is black; while lead monofhiQphosphate obtained in a 
similu way is white, but it soon becomes black by the separation of lead sulphide. 
Soln. of manganese snlphate give manganese monothiophosphate ; and a ferrous 
salt soln. gives lornias monothiophosphate ; and with a feme salt, a red soln. is 
obtained which decomposes with the separation of sulphur when boiled. C. A, Wurtz, 
and C. Kubierschky also obtained a blue precipitate of oobaU maQOthiQphosphatei 
and gr^n lliMml which become black with boiling soln, 
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L. Femad pzepa^ « Beriai of thiqiyiopliosplMieB by boating tho meteli «Hh 
tbo Beqnited uopoitionB of mlpbui ana pboai^oiiu in a aealed tuba. In tbo oaao 
of eopnoa mopTQphonpbiUn, CntPiSr, L Fenand boated a mixtaro of tJu 
oonetitnent olemeoitB to ndnoss ; and alao a mizton of eapiooB snip bide, eulpbur, 
and pbosj^om in a aealed tube at a red-heat. The blue, oyataUuie maaa is ted 
in tiaaffiiitted light ; when heated in air, it forma cai»io anlphide and phoapfaoma 
pentoxide, and at a dark red-heat ouproua oxide. Hot aodium hydroxide aeeom* 
poaea it, forming cuprona sulphide ; with hot aulphurie acid it forms aalphur dioxide ; 
and it is not attacked by cold sulphnrio acid or hot bTdroohlorio add. 
J. J. Berzelius reported oivrio fhiopynwhosiihate, CusP^Sr, to be formed by heating 
cupric diphoaphodiaulphide with sulphur. L Fenand could not con&m thia. 
J. J. Berzeliua obtained aOTSt fhiopyiOphMphata, Ag^Fa^Ti by the method he 
used for the cuprio salt ; and L. Ferrand obtained it from its elementary components, 
According to J. J. Berzelioa, the btowniah or orange-yellow maaa forms silver 
pyrophosphite (j.v.). L. Fenand found that ailver thiopyrophoq>liate is not 
attacked by boiling nitric acid, but it is completely decomposed by aqua regia. 
L. Ferrand obtained dno fbiogynvbospfaate, Znsp287, from its elemcnta. The ^e 
yellow orystab are decomposed by water, and by acetic acid. He also prepared 
cadminm (hiopyiophosphaiei Cd2P287, as a while, crystalline powder ; it is rapidly 
decomposed by moist air ; and only slightly attacked by hot nitric acid. L. Fenand 
made nMtaitoas tbiapyrapbosphateb Hg|P2S7, as a red, crystalline powder which 
decomposes in moist air, and is attacked by hot nitric acid. J. J, Berzelius 
obtained mereuiic thioiiyiophoa!phBte, HggPjS;, by the method he used for the 
cupric salt; but L. Fenand could not make it. White, needle-like eiystsls of 
■Inminium thiopytophiw^to, Al2(P2S7)3, were obtained from the constituent 
elements. The product is unstable in moist air, and is decomposed by watri, 
alkali-lye, and acids. Red, octahedral crystals of fhiQpynphospfaate, Pb2P287, 
were obtained. The salt is fanly stable in moist air ; decomposed by water ; but 
is not attacked by cold nitric acid. The black, hexagonal lameUs of ehninic 
ttUQPynpboqitaate, Cr2(P2S7)2, is very resistant towards nitric acid and aqua regia, 
but is decomposed by water, and moist air. The small, lustrous lamcllffi of tenoill 
ttdiVJlQphibphate, Fe2P2S7, are insoluble in cold nitric acid. The deep brown 
crystals of nickel tliiQpyiaplioqibatei Ni2P287, ore decomposed by water and moist 
air, and attacked by nitric acid at 1W°. 

According to A. Stock, when lead or ammonium trithiophosphate is treated 
with anhydrous liquid hydrogen chloride, a yellow oil is obtained. Its eomposition 
corresponds with that of a mixture of thiophoephorio acids, or else with penfa^ 
thiopittophiiwphorio add, H4P2O2S2. The m.p. is approximately — 56 ”; and, 
at ordinary temp, it decompases; 4H4P20^=3P2B6+2H2P04-|-5H28. it 
reacts energetically with water with the deposition of sulphnr. It is solnble in 
carbon disulphide. It reacts with dry ammonia, forming what appears to be 
ammiwiiniH pentatbiopyropboapfaate. According to A. Ificbaelis, when thiopyro- 
phospboryl tetrabromidc is treated with water, sulphur, hydrogen sulphide, tliio- 
phosphoryl bromide, and trithiopyiopboBphoiifi add, U4P20482, or fH0)4PiS3, 
are form^. It is thought to have the constitution (HO)2»ro— 8— SPS»(OH)2 ; 
and ethyl trithio])hoi*phate was prepared. When the aq. soln. of the acid is treated 
with ammonium and a magnesium salt, no precipitate is formed in the cold, but 
when heated, a crystalline precipitate is depoaitM. The precipittte is soluble in 
acids, and the soln. soon gives oS hydrogen sulphide and deposits sulpbiu. The 
aq. soln. of the acid gives a black precipitate with rilver nitrate, and witii 1^ 
acetate, white leod tntbiopynphOQlilte is probably formed which blackens when 


the soln. is boiled. difltfonwtlFhiwhgtob (NH S)P 08 

or (NIl40)PS2, is formed when dry hydrogen sulphide acts on ammonium ^thio- 
phoephate at 175 *. The salt is decomposed by water with the evolntion oi 
nydrogen sulphide. 
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Pkm„ (8), 80. 489, 1847 ; 0. A. Wnrta, A„ (8), 80. 473, 1847 ; Cmpt. Send,, 24. 288, 1847; 
A. Ukhaelia, Ittbtg't Amt., 164. 39, 1872 ; F. 1). Dod«v A., 864. 186, 1891 ; F. Ephniia and 
S. Majler, B»., 48. 286. 1810 ; B. Rathke^ A., 11. 002, 1 878 ; A. Stock, A., 80. 1907, 1900 ; A. Stock 
and B. HoSmaoD, A., 86. 314, 1803 ; T. E. 7'horps end J. W. Bodgar, Journ. Chm. Soe., 66. 
800, 1889 ; Okem. Emm, 60. 238, 1880 ; L. Fertand, Amt. Ohim. Pkyi., (7), 888, 1890 ; Oompl. 
Emd.. 122. 621, 1890. 


S 40 . Fhosplionu SnluliAtos 

B. Weber i reported the complex FjOs-SSOg to be formed by the action of 
phoephotUB pontoxide on eulphui tiioxide, in the cold. It can be regarded as 
llioo^boryl HOlphate, (F0)2(S04)g, or oa tulphvryl fhovpkaie, (S02)|(F04)2. The 
trhite masa oonsieta of tranaparcut plates. It decomposee at 25 "- 4 o'’ with the 
evolution of sulphur tiioxide. B. H. Adie added phosphoric acid very slowly 
to a cold mixture of sulphur tiioxide and obtained a pale brown liquid with the 
composition HgP04.3S03. This can be regarded as pbosphoryl b^dioanlidiide, 
F0(HS04)3. The compound fumes in air and is slowly decomposed by water, 
forming phosphoric and sulphuric acids. 

C. Friodhcim obtained complex salts crystallizing from aq. soln. of the oom- 
ponenta. Thus, with a nixtuie of Ji^04 ; 2NH4(H2P04}, he obtained ammiminm 
anlphatophoqiliatet HO.FO(ONll4),O.S02.0Ni4-|-i^O ; and with the mixture 
2 EUsF 04 : ifsSQj, or 2H3FO4 ; KsifOg, he obtained potsssiiini BnfpIiatophosilliatA 
HO.FO(OK).O.S02.0K+U20. 


Bxnsxncis. 

* B. 77olMr, JBer., 19. 3190, 1880 ; 20. 60, 1887 ; C. Friedhoim, Zai. tmart. Okem., 0. 873, 
1B94 ; R. n. Adis, Journ. Chm. Boe., 09. 230, 1881 ; Vhem. Ntm, 08. 102, 1801. 


S 41. Thiophosphoiyl Hriideo, ind Phoopliomo ThiohaMoi 

T. E. Thorpe and J. W. Bodger ^ prepared thiophosphoiii flnotidfl, FSF3, by 
heating phosphorus tetritadecosulphide, or a mixture of phosphorus and sulphur, 
with an excess of lead fluoride : 3FbF2+F2S5=3PbS+2PSF3, in a current of dry 
nitrogen in a leaden tube not over 250 °, and collecting the gases over meronry ; 
bismuth fluorids gives a similar result. They also obtained it by the 
action of arsenic trifluoride on thiophosphoiyl chloride in a sealed tnbe at^lfiO’ ; 
AsF3+PSC12=sPSF3+AbC 13 ; and C. Poidonc, by the action of eulphur, or antimony 
trisnlphide on phosphorus trifluodiebloride. At ordinary temp., thiophoqihoiyl 
fluoride is a transparent, colourless gas. The analysis and vap, density wen 
found by T. £. Thorpe and J. W. Bodger to agree with the formula PSF3. The 
gas condenses to a colourless liquid at 10-11 atm. press. At S'B”, the gas Uquefies 
at 7'6 atm. press. ; at 10 ° and 9-4 atm. press. ; at 13 ' 8 ° and 10-3 atin. press. ; and at 
20 ‘S° end 13 atm. press. When a tube of the gas is exhausted while ueotrio sporks 
an passing, the spectrum consists of lines chanoteristio of the flaorine speotrum 
ae seen in sllioon fluoride and boron fluoride. After a time, as the press, is reduced, 
lines of phosphoras appear and entirely displace the fluorine speetinm. On further 
tednmng the press., the phosphorus lines give place to a spectrm oonnsting entirely 
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of eulphur flatinn ThiopAosphorf 1 fluoride b thereon diasooiated «t the lowiefe 
tempeiaturo of the The oomjponnd b decomposed by heet^ fonning sulphur, 
phoephoruB, end phoi^oiiu fluoiidee. The first aotion b consideted to be; 
PSF3 »FPs+8i cud brF3=3P7t+2P. A similar deoomporition occurs when 
deotrio sparks are pas^ through the gas. If the decomposition be efieoted in a 
glass tube, at a snfiiciently high temp., the gaseous product eventually consists 
entirely of silioon tetrsfluoride. If a small quantity « meicuiy fulminate be ear> 
pbded in the gas, a black deposit of mercuric sulphide b produced in quantity 
sufficient to show that all the sulphur is thrown out of combinatioa Thiophosphoryl 
fluoride b quickly decomposed by ab. If a very slow stream of the pure gas be 
allowed to issue from a narrow platinum jet into the air, a white fume b in^ntly 
formed. No indication of flame is evident in daylight if the stream b sufficiently 
dow, but in the dark, the white fume b seen to be traversed in the vicinity cd ^e 
jet by a blue, flbkering flame. On increasing the current of the issuing gas the blue, 
flickering flame becomes more pronounced, and eventually trsvds back to the orifice 
of the jet, and ignites the stream. If the supply of gas b maintained, the gas 
continues to burn, giving off copious white fumes. The flame b greyish-green 
in colour, and b tipped with a faintly luminous, dull yellow portion, a light-blue 
sons occurring close to the platinum jet. If, instead of allowing the gas to bime 
from a jet, a considerable bulk be suddenly permitted to come in contact with the 
ab, combination rapidly takes place, accompanied first of all by a beautiful blue 
flash of light followed by the greyish-green flame observed in the case of a jet of the 
gas. The shape of the flame indicates that the gas has spread itself for a coiihider- 
able way over the surface of the mercury before combination ensues, If the byer 
of fume be allowed to rbe above the top of the tube, the gas is no longer protected 
from the action of the air, and takes fire bom above and bums with the greyish- 
green flame. When air is allowed rapidly to enter a gns-holdcr containing the pu, 
white fumes are at once formed, and these increase in quantity with the amount of 
air until, when a certain volume has been introduced, a eharp explosion takes 
pbee accompanied by bght and heat, and the mercury is forcibly ejected from 
the cylinder. When a quantity of thiopho.sphoryl fluoride b paasM into mygen 
contained in a eudiometer standing over mercury, the fluoride, being about four 
times heavier than the oxygen, collects on the surface of the mercury, and burns 
quietly with a yellow flame, and a white fume b produced which quickly setlles 
on the sides of the eudiometer. If the oxygen is passed into the gas, combinatinn 
b more rapid, and a much denser deposit settles. When, however, the gas b gradu- 
ally passed into the oxygen, that b, in a slow stream of small bubbles, the behaviour 
of the two gases b considerably altered. The first few babbles on reaching the 
oxygen inflame, givmg a blue flash of light. As oxidation products collect on the 
sumce of the mercury, more bubbles may be added without any signs of com- 
bination until when a certain amount of gas has accumulated iu the oxygen, a bright 
yellow flash b seen to traverse the gaseous mixture, and b followed by a smart 
detonation. Dry oxygen and thiophosphoryl fluoride may in fact exist together 
in presence of a sufficient quantity of oxidation products, apparently without inter- 
action, provided all traces of moblure sre carefully excluded from the miztiiie. 
The gas can be mixed with excess of dry oxygen without the slightest change taking 
place, even when the eudiometer b gently heated. The mixture, however, at once 
inflames on exposure to the air. That it b the mobture in the air which seraes 
to start the reaction b proved by the fact that on passing fragments of blotting- 
paper moistened with water into the mixture of gas and oxy^n their explosive 
union instantly follows. The reaction b not in aoooid with the equation : 
2P8F3+303=-2P0 Ps 4!1808; but a portion of the gas b acted on by oxygen: 
P8F,4-08«l»F8-j-K63; and the resulting trifluoride reacts with oxygm: 
10PF3-i-.'>02«6l*Fj-) aPgOB, and 2PF,-|-02- aPOF,, so that the resultant Muation 
b 10 P 8 F 3 -fl&Oj= 6 PFj-l- 2 p 2 O 8 -|- 108 O 3 . On introdneiag a flame 
pbotyl fluoride burning in ab into an atmoqphere of oi^gen, the flams i> icduoea m 
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lim and baeoam mucih more luminous. Its colour chanm from gieTiA-gretti to 
bright ydlov, and dense, white fumes ere given off. soh. m the prodnots 
fcM^d smellB strongly of sidphur dioxide, and gives the reaotionB of phosphorto 
aoiiL Thiophoaphoryl fluoride cannot be burned with safety from a jet in a olbeed 
apparatus through which a current of dry air or oaygen is paasiug. The flame is 
liable to be eztingukhed by a cunent of air 6 r oxygen sufficiently powerful to carry 
over the producte into the absorption-tubes. As a rule, the gas speedily rdighfai 
iteelf, but not before sufficient unbumt gas has escaped to form a spontaneously 
explosive mixture. Two attempts were made to bum the gas in a closed spacer ana 
in each case the apparatus was shattered by explosion. These results fllustiate 
the extreme instability of the gas and its low igmtion temp. From the low ignition 
temp., and the ease with whi^ the flame is extinguished, the temp, of the latter is 
very low. It is probably one of the coldest flames known. Our hands have frequently 
been surrounded by it without any too inconvenient sensation of heat. If a stream 
of thiophoaphoryl fluoride is passed through water, comparatively little of the gas 
is absorbed. The bubbles rise to the surface, and t^e fire immediately on reachmg 
the air, forming rings of white smoke. In order that any appreciable quantity may 
be dissolved, the gas must be shaken with the water for some time. The soln. is 
acid to test-paper, smells of hydrogen, and gives the reactions for phosphoric and 
hydrofluoric acids. The decomposition is in accordance with the equation: 
FSF3-f4H2£0=Il2S-|-H3P04-|-3HF. If the soln. is efiooted in a vessel of flint- 
glass, the liquid at once becomes black, owing to the action of the hydrofluozio 
acid and hydrogen sulphide upon the lead silicate. The decomposition of thio- 
phobphoiyl fluoride by a soln. of alkali hydroxide, is andogous to that 
which C. A. Wurtz observed with thiophoaphoryl chloride: PSFg-fGNaOH 
^NayPSOs+SNaF-f 3H2O. Thiophoaphoryl fluoride has no action on salpbuie 
add. If ammonia gas be passed into a confined vol. of thiophosphoiyl fluoride, 
the two gases combine with the evolution of heat and the formation of a white 
solid. The volume ratios agree with the assumption that thiophosphmjl iiamido- 
fiuoridet P(NH2)2SF, is formed : P8Fj+4NH8=2NIl4F+P(NH2)2SF. Thio- 
phosphoiyl fluoride has no action on carbm diaolphide, or bemwe ; it dissolves 
in etto, and the soln. burns with a greenish flame. Neither the gas nor the liquid 
has any appreciable action on d^ glass at ordinary temp., but when heated 
with glass, a yellow film is deposit^ on the glass : PSF3— PFs+S, followed by 
4 PF 3 -|-:iSi 02 = 3 SiF 4 -h 4 P+ 302 . A portion of the phosphorus combines with 
sulphur, whilst another part is oxidized and unites with the bases of the glass, form- 
ing pyrophosphates or nietaphns})ha(;es. The deposit on the extreme upper part 
of the tube is yellow, and inflames on being heated in the air ; it dissolves in water 
with separation of a little silica, and the soln. smells of sulphuretted hydrogen, 
and gives the reactions for phosphoric acid. If thiophosphoiyl fluoride be passed 
over heated sodium, the metal takes fire and burns with a red flame, and the 
residual mass, when treated with water, gives oil spontaneously inflammable 

E hosphine. The gas has no action on mercury. The gas is completely absorbed 
y bad dioxide. 

A number of compounds of phosphorus, sulphur, and chlorine have been reported, 
namely, the normal thiophosphoiyl chloride, FSCI3; phosptaoras dithiopttito* 
ehloride, PB2CI5, reported by J. H. Gladstone,^ and E. Baudiimout to be formed by 
melting a mixture of phosphorus pentachloiide and sulphur, and fractionally di^ 
tilling at 125 ^, the liquid remaining after the crystals of mixed phosphorus 
pentachloiide and thiophosphoiyl chloride have separated out. C. F. G^hordt 
considered the product to be a mixture of thiophosphoiyl chloride and sulphur mono- 
ohloridej but E. Baudrimonb could not separate it by fractional distillation. Accord- 
ing to J. H. Gladstone, the pale yellow, mobile, refracting liquid is heavier than 
water. Its vap. density is 5 - 5 , ait unity. It evaporates at ordinary temp., boils at 
118 ^, and does not fre^e at — 17 ^. It is affect^ by hydrogen at the b.p. of the 
liquid ; it reacts slowly with water,! orming hydrochloric, sul^uiic, and phosphoric 
VOL. vm. 3 z 
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soida; it fonna a daik led Uqnid wHh fdkali'lyet and snlpliir aapuatM oitt Tb* 
hquid diaadlveB iodina^ and aulphiu. It diaaolTes hydrogen mphide nith the 
aeparatiutt of anlphni ; it ia attacked by nitric acid ; it diaaolTea phoaphatna^ 
and phcaphonu pentaohloride ; it mixoa with carbon diaolphide ; and it attacfci 
alcohol, ether, and tnrpentine; it ia alao decoinpcwed by metala-^diet or 
cold. 

H. Rose aaid that phoapbonu paita(liiodteblocide» TSsClg, ia formed by the 
action of phosphine on sulphur monochloride : SS^l|4'2P]^=s2?Sf01|-4'4HCIl. 
The yellow, syrupy liquid is decomposed by water with the separation of sulphur 
and the evolution of hydrogen sulphide ; and it is ozidiied by nitno add to sul- 
phuric and phosphoric acids. 

0. 8. R^rullaa * first made fhiophoQihaiyl ohloiide, PSClg, by the action of hydn^ 
gen sulphide on phosphorus pentschlonde : POI5 f-H^S^DHCl-l-PSCla ; L. Carins, 
B. Rathke, and A. W. Hofmann used carbon disulphide as the source of the sulphur : 
0S2+lll’(>ls~^'l4+^I^^ls i R- Weber, and T. B. Thorpe, phosphorus tetritadeeasul- 
phide; P4Rio-{'^P('i6=B*P'^i3ii"a>ealedtubeatl!bO‘’; H. Hchifi, potassium thio- 
cyanate: J. Ponomareil, perthioryauic acid ; E. BanJrimont, sulphur, or antimony 
trisulphiile : SlTls-i-R^!^— L'8bClj-f-3PSG3; R. Weber, and £. Bandrimont, metal 
sulphides ; A. Mirhaebs, thinphosphoryl bromide : 5PBBr3-| PC^uSPSCIg-f-SPHTg ; 
and C. F. Oerhardt, organic sulphur coiupniinds. L, Jleiiry made the compound by 
heating at about in a sealra tube a mixture of a mol of phosphorus trichloride 
and a gram-atom of sulphur. A. Michaclis noted the formation of thia compound 
when a mixlure of phosiihonu trichloride u heated with sulphur monochloride in 
a sealed tube at 16U°— if tbionyl chloride be employed some phosphoiyl chloride is 
formed at the same time. F. Wohler made it by heating sulphur moiiochlorjdo 
with phosphorus : 2P-|-3S3Clj~ JB. M. Cnovtier added the phosphorus in 

smell pieces at a timo to the boiling sulphur monochloride, and the soln. of sulphur 
in thinphosphoryl chloride was fractionally distilled at 125”. A. von Flemming 
agitated the liquid with a little water before the rectification. T. E Thorpe and 
A. £. H. Tutton heated sulphur moiiuchlurido with phosphorous oxide : 
P40j-|-6S2Clg=-2l’SLl,-|-21*(K’l3-|-8S-f2S03: A. Besson, tnionyl chloride and 
phosphine; H. Prinz, thionyl chloride and phosphorus tetrit^ccasnlphide at 
100“-r)0” in a sealed tube: 6SOC’1*+P4 Sib -- 4PSf.'l,-f3S()*-l-S)S; L. Conus, 
phosphoiyl chloride with phosphorus tetritadecasulphide, at 150” ; and R. Baudri- 
mont, thiophosphoiyl bromide with chlorine, or by heating thiophosphoryl 
chlorudibromide 01 dirhlorobromidc : 2PSCl2Br--r8CI}-t-l'8t.1Brj ; £. Glatzel, 
by heating metal rhlnrides with phusphoms tetritadeea.snlpbido : SMCl-fl's^t 
-=M3PS4-f PHCls, and with ferric chloride: 6FeClg<f2P3S(» SFeClfl SFeSj 
+4PSClj. 

Analyses by G. 8. Seiullas, L. Garins, and A. von Flemming axe in agreement 
with the formula PHCIs ; and the vap. density doterminations of A. Cahours, and 
M. Chevrier, frtlCS at 168®, and .'i-MB at 2S)8®,are in agreement with the same formula. 
The mol. wt. calculated from the b.p. of soln. of thiophosphoryl chloride in carbon 
tetrachloride is 209 ; and in benzene, 241 ; and from the l.p. of soln. in benzene, 
160. The value calculated for PSOls is 169*5, and (or (PSC1|){, 339. T. E. Thorpe 
said that the physical properties are in agreement with the aasnmption that ^e 
phosphorus is tervalent, and hence supposes the oonstitotion to be C3{P— S— ^ ! 
but W. Ramsay said that tliis evidence is of little weight— wie phosphoryl chloride. 
A. M. WasiheC said that it can be regarded as a eutectio 
meaning of the term ia not that usually employed. . , 

G. 8. Seiullas, E. Baudrimont, and L. Henry deseribed thiophosphoryl chloride 
as a transparent, colourless, mobile liquid irith a characteristiepuii(jent and aroniatio 
odour. The liquid fumes in air, and the smell of hydrogw sulphide indicatM tha 
it has been hydtolvzcd by the moisture of the air. B.Raudnmont found the sp. 
gr.tobel*631at2‘i*; M. Chevrier, 1*636 ut 22”; and T.B. Thorpe, l*668ie-l*66H-o 
at 0” and 1 *45599 at 125*12". 0. Masson, and J. A. flroshans studied the mol. vois. 



Amoi^ to T.B.TIi(wpa,iiiiitv(d. of iJte liquid Qooty^ 

0* 20* 40* 00* ao* 100* 120* I2i* 

V p p 1*00000 1*02010 104120 1*06348 1-*»66D6 M1137 H3g43 MiOjM 

or The mol voL at the b.p. is 116-34 ; 

and the at. vol of the contained phosphorus is 62*4. 0. B. BfruUas gave 126^ foe 
the b.p. of the liquid : L. Homy, 125M26" ; A. Cahours, 126M27® ; M. Chevrietp 
124*5^ at 760° ; E. Baudiimont, 124-26° ; T. B. Thorpe, 126° at 770 mm. ,- 125^ and 
125-12° at 760 mm. A. Besson found that the liqaid freezes to a white solid when 
cooled in a bath of methyl chloride ; he gave —36° for the m.p. ; and added that the 
liqaid is easily undercooled but it is readily crystallized by sowing with a mystal 
of Ihiophosphoryl dichlorobromide, or cUorodibromide. M. Ohevrier gave 1-5693 
for the refractive index of the liquid for Na-light. R. Weber found that the liquid 
is not decomposed by the electric current ; and P. Walden gave 6-6 for the dielectric 
constant at 21*6°. 

According to M. Chovrier, the vapour of thiophosphoryl chloride deoomposee 
when passed through a red-hot tnhe, forming sulphur monochloiide, phosphorus 
trichloride, and sulphur; and it is explosive when admixed with Oxmii« 
0. S. Berullas, and L. Henry observed that the liquid sinks in water, and is slowly 
decomposed in a few days, forming hydrochloric and phosphoric acids, hydrogen 
sulphide, and maybe a little aulphui which makes the soln. turbid. The Uqaid is 
decomposed in a few hours if it be agitated with water. 0. Carrara and I. Zoppdari 
studied the speed of decomposition of the heterogeneous system, and represented 
the results by log {a/{a‘-x)]-=Stak 9 where S denotes the surface area of the two 
liquids in contact ; a, the quantity of decomposable liquid ; x, the amount of liquid 
decomposed at the time t ; and k, a constant 0-(XKX)I32 at 10°, and 0‘(XXX)238 at 
30°. £. Baudrimont found that it resets with cblorine, forming sulphur mono- 
chloride and ])hosphorus pcntachloride, and M. Chevrier represent the reaction : 
PS0i3+3C!l2‘ SCli+PC^I^ ; iodine, said C. A. Wurtz, does not react with thio- 
phosphoryl chloride. According to A. Besson, dry hydzogm bromide does not 
react with boiling thiophosphoryl chloride ; but when a mixture of the vapours 
is passed over pumice-stone at 400°-600°, a mixture of thiophosphoryl bromide, 
chlorodibromide, and dichlorobiomido is formed; hydrogen iodide dissolves in 
liqaid thiophosphoryl chloride at 0°, and the soln. darkens in colour owing to the 
reaction: FSCl3-|-6Hl=^Pl3-Hl2+^2^+^HCl, and if the soln. be warmed phosphorus 
triiodide, phosphorus tetritahexa- and tetritadeca-sulphides, and phosphorus thio- 
diiodide are formed. 0. S. Berullas observed that hot liquid thiophosphoryl chloride 
dissolves sulphor, most of the solute separates out on cooling, and remains behind 
when the soln. is distilled. When a mixture of the vapour of thiophosphoryl chloride 
and hydrogen sulphide is passed through a red-hot tube, B. Baudrimont observed 
that hydrogen chloride, and phosphorus tetritadecasulphide are formed. When 
thiophosphoryl chloride is exposed to dry ainmonlft gas, heat is evolved, and a 
white solid is formed containing, according to E. Baudrimont, 30-40 per cent, of 
ammonia; or, according to J. H. Qladstone and J. D. Holmes, 60 per cent. 
J . H. Gladstone and J. D. Holmes represented the reaction as forming thiophosphoryl 
iiamHochloruk : P8C1344NH3=2^C1+P(NH2)2C1S ; while H. Schiff, and 
M. Chevier assumed that thiophosphoryl triamide is formed ; PBOl^ 
+6NH3=::3NHiCl+PS(Nn2)3. G. S. Berullas said that an aq. soln. of ammonia 
behaves like water, but J. H. Gladstone and J. D. Holmes said that ammonium 
monamidomonothiophosphate is formed ; and, added M. Chevrier, if the ammonia 
b in excess, ammonium thiophosphate is produced. G. B. Berullas found that 
pbOCOI dissolves in warm thiophosphoryl chloride, but most of the solute separates 
out on cooling, and remains behind when the liquid u distilled; but F. Wohler observed 
that when the liquid b distilled with phosphorus some phosphorus trichloride and 
sulphide are formed A. Besson said that he was unable to prove the formatiaQ 
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of pboiphonu thiodiiodide ivlion ^hiophospboiyl cUorido i« hoatod with phoQlMh' 
nmoi iodide ; T. E. Thoipo and 3. W. Bodger fouad thot in a aealed Who at ISO*, 
■lliwiic tlilliioride forms thiophosphoryl fluoride (f.e.). Aooording to B. Baudri- 
moot, thioDhosphor^ chloride diasolTes iodolonii. and mixes with corhoD iifaniphi^)^ 
B. Cloez fonnd that thiophospboryl chloride reacts Tigorouslj with melhii ox 
ethyl aloolud : PSCll,+ 3 CsH,OH^(CtHs)HsPSOb+ 2 C 2 H,Ca+HCl, and b 1 o% 
wiUi amyl alcohol; it also reacts with aodom ottmtido: SCcHtONa+F^. 
•-{CrH5)sPSQj+3NaCl. 

Metals do not act on thiophosphoiyl chloride in the oold, According to 
M. Chevrier, sodinm and potaarinm are not attacked hy boiling thiophosphotyl 
diloride, but if the chloride be dropped on the molten metal, the formation of 
alkali chloride, and sulphide, and sulphur is accompanied by an explosion ; heated 
mncozy forms merourio chloride and a little phosphorus and solphiir. 
Q. 8 . B 6 rulla 8 said that alkali-lye acts like water ; and, according to 0. A. Wurte, 
and 8 . Cloes, Bodiam hydnndde forms sodium monothiophosphate and sodium 
chloride, and, added M. Chevrier, some enlpUur and sodium phosphate ore produced ; 
the last-named found that ropper hydroxide acts in a sinular manner, and that 
ailw mride, and red maremio oxida, act when warmed, while yellow metrunc 
oxide acts in the cold. According to E. Baudrimont, meteoric aolphide, and 
•ntimODy trinolphida, react at a red-heat, forming the corresponding chloride and 
thiophosphidc. M. Chevrier found that potaoiam pmniiiffUiate is decolorised 
with the separation of manganese dioxide ; and T. E. Thorpe and B. Dyson repre- 
sented the reaction with alrer niirata : PBCIg-l-^AgNOtBAggPOi+Agn-l-BO^ 
-f 2 N 0 Cl-|-N 204 , and some pyroeulphuryl nitrate is formed. 

Three thiophosphoryl bromides have been refiorted, PBBrg, FgBsBri, P(Bl)r«, 
and PB^Br, as well as the mixed chlorohromides, PriBr^Cl, and FSBrClj. A. Stock * 
also reported that when dry hydrogen bromide acts on ammonium trithiophosphatu 
eome UmgduMphoijrl bydrasinlpbodiliiomide, P8Bri(S11), is formed, along with 
normal thiophosphoryl bromide. J. H. Gladstone tint prepared ttdophOQhoiri 
btoinidB, FSBrs, without recognizing its tnie nature. lie obtained it by the action 
of hydrogen sulphide on phosphorus pentabromide, and £. Baudrimont showed 
that the reaction is that symbolized by PBTs-fH 28 »PSBr 3 -l- 2 IlBr. The product 
of this reaction, said K. W. £. Maclvor, is always mixed with some undocomposed 
pentabromide, which may be removed by washing the product with water at about 
45'’ ; and dried by pressure between bibulous paper, and finally in a desiccator over 
cone, sulphuric add. A. Mirhsi'lis lecommeudeu removing the water hy dissolving 
the product in carbon disulphide, dehydrating the eoln. by eakinm chloride, and 
evaporating the solvent from the clear, decanted liquor. E. Baudrimont obtained 
the same compound by the action of phosphorus pentabromide on heated antimony 
trisulphide ; and by distilling a mixture of phosphorus tribromids with sulphur. 
Ths accompanying phosfthorus bromide is removr^ by washing with warm water. 
A.Michaelis obtained it by the action of bromine on a soln. of eq. proportions of phos- 
^imis and sulphur in carbon duulphide; by decomposing tiuopyrophoeqiboryl 
bromide with water; and by heating hydrated thiophosphoH bromide to its 
m.p. A. Beeson obtained it by passing the vapour of tniophospboryl chloride and 
hydrogen bromide over pniuice-stone at ^)0”-500”, and by beating tiiiophosphoryl 
chlorodibromide. T. £. Thorpe proposed to prepare it by heating phosphorus 
pentabromide and tetritadecosulphide : SFBrcf PgScaebFSBrg, as with tbs co^ 
spending chloride. A. Stuck obtained it, as indicated above, by treating ammoniani 
tnthiophospbate with sobydrous hydrogen bromide, digesting the yellow (dl with 
water, and isolating the thiophoephofyl bromide by the oarbon disulphido process 
just indicated. The analyses of A. Michaclis, E. Mudrimont^ and A. Stock are 
in agreement with the formula FSBrj. 

E. Baudrimont described this compound as “a yellow, thick mass with a disgn^ 
ins smell ” ; bnt A. Michaclis obtained it in ootahedtal oi]rsti^ bdonging to the 
cow zyztem by evaporation cf the soln. in cssboo dinilphidei or phosphnriu 
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tribrattida. A 3 ^oWj^ oiyBtalline mam ta obtaiaed by ooolioig tbe moUtti ooiMound^ 
and it bas a pungent, afomatio odour. Tbe vapour attacks the eyes. B. Baudri- 
moat gave 2-72 for the sp. gr. ; A. IGchaelis, 2-85 at 17® ; and R. W. B. Maolvot, 
2*87* For the m.p., B. Baudrimont gave 39® ; A. Maobaelis, and A. Stock, 38®; 
and B. W. E. Maolvor, 36-4®. The yellow liquid is readily undi^oled. E. Baudii- 
mont said that the liquid beoomee brown when heated, and at 175®, a greenidi 
vaMur appears, and on distillation, phosphorus tribromide is first given ofi ; is 
followed by thiophoephoiyl bromide at 212®-216®, while sulphur and phosphcwus 
sulphide remain in the retort. 

B. Baudrimont said that thiophosphoryl bromide fumes in air, but it does not 
buni in air. It is d^mposed by water, forming hydrobromic and phoephorio 
acids, hydrogen sulphide, and sulphur. A. Michaehs, and B. W. E. Mnclvor found 
that reaction with water is very slow even when the water is boiling, and in 
addition to the products indicated by B. Baudrimont, some phospborus acid is 
formed. For hydrated thiophosphoryl hron\id?^ FBBFgH20, vide infra. E. Baudrimont 
said that the thiobromide dissolves sulpbur, and it is tuibulently decomposed by 
cone, nitric acid. A. Michaelis found that thiophosphoryl bromide is slowly 
decomposed by ammonia in the cold, but rapidly when heated, forming sulphur, 
and ammonium sulphide, hydrophosphite, and phosphate. He represented the 
reaction with phosphorus pentachloride : DPSBr2+3FCl5— SPSClu+SPBrs. The 
compound is soluble in phosphoms trichloride, and in phosphonu trihromide ; 
A. Rlchaplis, and B. W. B. Macivor found that thiophosphoryl bromide dissolves 
in ether, and carbon disulphide ; and, added E. Baudrimont, in ddOToIonn. It 
reacts when healed with alcohol, forming, according to A. MiclLSclis, ethyl thio- 
phoRphatc, PR(0C2H5)3. £. Baudrimont said that thiophosphoryl bromide is 
turbuiently decomposed by potasrinm hydroxide soln. 

A. Michaelis reported that when thiophosphoryl bromide is slowly distilled 
Unopyiophosphoiyl hexabromide, P 2 SBr 5 , is formed. The same compound is 
formed by distilling thiopyrophospboryl teirabromide at 205®. It melts at —5®; 
and boils with decomposition at 205®. If this substance be stirred up with water, 
a yellow oil is formed which slowly crystallizes. It can be dried by press, between 
bibulous paper, and finally over cone, sulphuric acid and potassium hydroxide. 
The composition correspond with hydrated thiopyrophospboryl bromide, and it can 
be dehydrated by dissolving it in carbon disulphide, and agitation of the soln. with 
calcium chloride os indicate above. The yellow, crystalline mass has an aromatic 
smell. Its sp. gi. is 2-7937 at 18°, and it fuses at 35®. The water is gradually 
lost at the m.p. It does not fume in air, but after some days, it is gradually 
decomposed in air giving ofi hydrogen bromide. 

According to A. Michaelis, thiopyrophosphoiyl tetrabromide, p 2 S 3 Bri, or 
PSBi 2 .B.PSBr 2 , is formed by gradually adding, with constant agitation, a carbon 
disulphide soln. of bromine to a well-coolod mixiuxo of phosphorus tetritahexa- 
Bulpbide and the same menstruum. The solvent is distiUed off at a temp, not 
exceeding 80^, and the last traces are removed by a current of dry carbon dioxide. 
The oily liquid is purified by dissolving it in ether, and distilling the solvent from 
the dear liquid. The pale yellow oil has a sp, gr. 2-2621 at 17®i It fumes in air, 
and then deposits sulphur, It has a pungent, aromatic odour. It cannot be distilled 
without decomposition into sulphur, phosphorus tetri tadccasulphide, and thio- 
pyrophoBphoiyl hexabromide. It is decomposed by water into sulphur, thio- 
phoBphoiyl bromide, hydrogen sulphide, and phosphoric and thiophosphoiio 
acids. Alkoli-lye acts like water, only the reaction is more violent and no 
sulphur or thiophosphoryl bromids is formed; phosphorus peutabromide forms 
thiophosphoryl bromide; and alcohol fortns P 2 S 2 (OC 2 H 5 ) 3 Br, and 

According to A. Michaelis, in the preparation of pyrophosphoiyl tetrabromide, 
the crude product is extracted with ether, and there remains a yellow, viscid mass 
which can be dissolved in carbon disulphide. The solvent can be expelled from tbe 
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filtfrad ■olu. bjr meuu o| a eunrast of oubon dioxide. The produot u impan 
IttNMtaflioawiQrl Ivoniidfl^ F6|Br. It ii daeompoted bp water, and leaeta 
with aloohol, forming erpstads of FA( 0 CgHK)|(BQ^s) 4 . 

A. Beeaon * prepared fldoplioqdlflQd cUfllombnunideb FSOBrs, akmc with 
the diohlarobtomide and the normal hromide bp paasing a mixture of dip hpdragen 
bromide and tiuophoephorpl chloride Tapoor over pumioe’Stone kt f!00‘<-500”, and 
aepanting the piMucte bp fractional distillation under reduced pieas. It ia alao 
obtained by heating thiophorohorpl dichlorobcouide in a sealed tube at 100 °: 
2 PSCl 2 Br=BFSClBr 24 PSClg. The very pale green, fuming Equid has a sp. gr. 
2*40 at 0 ” ; and it forms a white soEd with the m.p. ~G0°. It boils at W and 
' 60 mm. press. ; it slowlp decomposes if heated at ordinary preas. ; and in a seal^ 
tube at 100 ”, it decomposes into titiophosphorpl chloride, bromide, and dicldoro- 
bromide. It ia slowly decomposed bp water, and bdmves towards other reagents 
like the dichlorobromida 

A. Michsplis prepared thiopboipboqd dfehlocolnoillideb FSCl 2 Br, bp dowlp 
adding bromine to ethyl thiophosphoryldiehloiide, P(SC^g)C!l 2 , in equimolar 
proportions: P(SC' 2 H{)Cl 2 +Br 2 =F^'l 2 Br-f-CfH 26 r. The ethyl compound is 
obtained by adding mercaptan to phosphorus trichloride in equimolar proportions, 
and coUpcting the fraction boiEug at 172M75”. The crude dirhlorobromide was 
shaken with water so long aa a perceptible action occurs, dried by calcium chloride, 
and freed from dissolved hydrochloric and hydrobromio acids by gently warming. 
A. Besson obtained it as indicated above, and also by heating thiophosphoiyl 
chlotodibromide in a sealed tube at 100 ”, and isolating the dositcd product by 
fractional distillation. A. Besson, and A. MichaoEa said that the pale yellow or 
colourless Equid smcUs like tliiophosphoryl chloride. A. Bessou gave 2-12 for the 
sp. gr. at 0 ° ; and when coolod, it forma a white soUd meltmg at — .lO”. The liquid 
is readily nndercooled, and the surfnsed Equid readily crystalUses when seeded with 
a crystal of thiophosphoryl dichlorobrotnide or clilorodibromide. A. Michaelis 
found that the liquid cannot be distiUed at atm. press, witlioiit 
decomposition ; A. Besson said that it decomposes at KX)” in a sealefl tube : 
2 FSCl 2 Brs-?SCl 2 +I’tlClBr 2 , but he was able to distil the liquid at 60'' and 60 mm. 
press. A. Michaelu said that the compound is acted upon by water only with 
difficulty, and may even be partially distilled iu a current of steam. Its complete 
decomposition is effected only by heating in sealed lubes to ISO”. The products are 
sulphur, hydrogen sulphide, phosphorus, phosphoric, hydrochloric, and hydro- 
bromic acids. Only half as mneh sulphur, however, is obtained as in the analogous 
decomposition of PSBtj by water. A. Besson added that the dichlorobromide is 
baOed at about 80 ' under a press, of 6 mm. ; sp. gr.sB2-12 at 0 °. When strongly 
cooled, it forms a white solid, which melts at 30”. It deromf ones slowly in proaeuco 
of water, more rapidly in contact with soln. of alkalies. Fuming nitric acid 
oxidises H violently, but the acid at 36” acts more slowly, and completely oxidizes 
the sulphur and phosphoni.s. When heated at 100 ”, it decomposes into the thio- 
phosphoiyl trichloride and the chlorodibromide, the latter, in its turn, decomposing 
and yielding, amongst other prodnets, thiophosphoryl tribromide. 

A numbw of phogphons fhiofodidM have bwn reported: F 1 SI 2 , PaSaU. 
F 2 SI 4 , and PaSgla ; but thrir individnaEty is not weU-estabEahed. The subject 
needs revision. Another compound was prepared by V. Auger * by mixing carbon 
disulphide soln. of phosphorus triiodide and sulphur. The reddish-brown rry^s 
were etaied by M, Demassieux to be xhUmbobedraL They wen not obtemed 
pure enough lor analyaia, but by analogy with the cerzes^ding compounds of 
arsenic and antimony truodidee, thmr composition is P^.3S8, or poMlboma 

tetneoiitUotiiiodide. 

According to A. Besson, hydrogen iodide dissolvee without change in thjophos- 
photyl chloride cooled in a mixture of ice and islt, but at 0 ” hydngeu ohioride and 
hy^ogen sulphide ate given off, and the Equid containe free iodiM and phoqphornt 
tniodide, the action bong analogonB to that (d hydrogen iodide on phoi^hotuB 
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1& Bealed tabe9 at tempesatUM above 0*, reaetioii ia mon 
eonqblaxi and the piodiu^ depend on the tempetatnie. In al) oaeei, iodine ii 
Uberaled, byd^gm oUoride am snlpbur are given off, and the liquid containa 
ph^home triiooide and a mixture of phosphom ttisulphide and pentaeuliiUde in 
varj^ proportione, together with amall quantities of j^oaphonil 

an orange soUd, which melte at*about 75^ and is very soluble in carbon 
dumlphide. The thioiodide docs not sublime in a vacuum, decomposes when 
copoeed to air, and teadilj when heated. In order that it may be formed in appro* 
oiable quantity, the soln. of hydrogen iodide in the thiophosphoryl chloride must 
not be heated above 30°-^". 

E. Diechsel reported a product with the empirical formula FSI to be 
formed by the action of carbon disulphide on phosphonium iodide: 
3CSj+4PH4l=3PSI+P(0Ha)a.HI+3Ha8; and L. Ouyrard showed that whUe 
dry hydrogen sulphide has no action on phosphorus tiiiodide at ordinary temp., 
idmepnoriig dithiodUodide, F2S2I21 is produced when the dry gas is passed over the 
molten iodide: 2Fl3+2H2S=-P2S2l2+iIII- The same compound is produced 
when the required proportions of the three elements in carbon disulphide aolu. are 
heated in the absence of air, and the solvent evaporated ; by heating the triiodide 
with phosphorus tetiitahexasulphide in an inert gas : 2F2S3+2Pl3=-3F2S2l2 ; &tid 
by the action of iodine on a soln. of the same sulphide in carbon ^sulphide: 

^be ltd, prismatic crystals are readily decomposed 
in air with the formation of hydrogen iodide ; they inflame when heated in air, 
burn to sulphur dioxide, iodine, etc, ; they ore decomposed by water into hydriodic 
and phosphoric acids, and phosphorus tetritahexasulphide which, in turn, is resolved 
into phosphoric acid, hydrogen sulphide, etc. The dithiodiiodide is readily dissolved 
by carbon disulphide. 

L. Ouvrard said that when an excess of phosphorus triiodide acts on 
phosphorus tetritahexasulphide, phosphoms fhiotetraiodidOf F2SI4, is formed : 

It is readily decomposed on recrystallization from 
carbon disulphide : 3F2SJ4=sF2Sa+4Pl3, and apppars to be more stable in soln. 
L. Ouvrard also reported ph^horus tritbiowodide, F4S3I2, to be formed by 
the action of dry hydrogen sulphide on phosphorus diiodide at llOM^O*^: 
2F2l4+3n28-6IlI+P4S3l2, until no more hydrogen iodide is given off. The 
reaction is very slow, and occupies 10-30 hrs. The product is extracted with 
carbon disulphide, and the filtered soln. evaporated in a cunent of carbon 
dioxide. •The same compound is formed when the correct proportions of the 
three elements are dissolved in carbon disulphide, and after the evaporation 
of the solvent, heating the product to 120” in a current of an inert gas. 
It is also formed when the correct proportion of iodine is dissolved in a carbon 
disulphide sob. of phosphorus tetritatrisulphide. L. Woltcr added that no other 
phosphorus sulphide yirids a well-defined iodide under these conditions, and he 
recommended the reaction as a test for the tetritatrisulphide in match composition. 
L. Wolter described the trithiodiiodide as crystallizing from carbon disulphide in 
cvange-yellow, silky needles ] and L. Ouvrard, as highly refractive, golden-yellow 
prisms belongbg to the triclinio system. L. Wolto gave 119-5° for the m.p. ; 
and L. Ouvrard said that when heated in aii, the trithiodiiodide melts at about 106° 
to a viscous liquid which easily remains m a state of suifusion, and at about 300°, 
it bums, formbg phosphorus pentoxide, sulphur dioxide, and iodme ; and at 300° 
m Vacuo, it forms iomne and phosphorus tetritatrisulpbde. It is stable m dry 
sir, ud cat * be preserved for a long time in a closed vessel ; it is slowly decomposed 
by moist air with the evolution of hydrogen sulphide. Cold water has very little 
raect on it, but it is rapidly decomposed by boiling water. Fun^ nitric add 
attada it with enlosive violence and the evolution of light. It dissolves reailily 
m carbon disulphide, and is only slightly soluble m benzene, xylene, toluene, chloro- 
form, ligxom, and acetic add. It is sSl less soluble m absolute alcohol and ether. 
The sob. m hot ether yield crystals of the same compound on cooling. 
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diimidopentafiuodipho^phato 727 
rliimidopentathiopirophobphate, 1066 

- dimetaplioephate, 986 i 

ditliiometaph^ispliato, 1070 I 

— - dithiophoB^ate, 1068 

— diuranyl pentali} popliosphite, 8S0 
onnoapotasBium decamotaphosphate 

090 

feme h^drovliOHphite, 020 
ferrodimtroh^ ItLiifMulphate, 412 
forroheptanitroByhni^phide 441 
hydranne dilndroh>iK)phnAphate, 033 
drazmodiBulphonate, 083 

— hydrarinomonoeuIphonAie, 683 I 

h>droamidoiMleiut^ 636 

- h> drohi pomlnte, 4 10 

— — hydromonainiduphoHphaie, 706 

b>dromtnlodithJophOAphate, 720 
‘ - li^drophoephite, 911 

- - hydrotetiamidotetraphofiphate, 716 

— - h) drotetraphoepKidt , 832 
hydroxide, 104 

— h>drox:5lanune phosphite, 012 

^ hydroxy nitnlomonoBulphonale, 671 
■ “ hypnmtrato, 410 

hyponitntosulpliate, 088 

— h>pop]tos(rhate, 032 

— hypophosphite, 8K0 
hypophosphitomolybdate, 888 
faypophoBplutomol> bditomolybdate, 

K8S 

— imidochroniato, 266 
vmidomolylidate, 267 
imidomilphmite, 646 

- imidotnthiophosphate, 727 
lodotnchlorohumuthate^ 278 

— lead cobalt nitntei 506 


phooate^ 678 

hvtidoobfmnata^ 866 

. •_ imidomolybdailie, 867 

. — niokal xutvita^ 618 

— rntnlotnaolphonate^ 660 

— lithium poBtiuaietanlioaphata, 088 

- magneemm dithiophoapiiata, 1068 

moimthiophoMphate, 1060 

— merouno umdodieufphonate, 667 

— monamidodiphosphata, 710 
. - monamidoplmphatey 706 

— Iiii(mothiohvdiopbof|ihit0» 1063 
monoibiophoaphate, 1069 
nickel aaide, m 

cadmium mtnte, 612 

nitntobiamutlut^ 613 

phosphite, 020 

nitnimidate^ 260 

- nitiatosulpbaie, 602 

- mtnlodiphoaphate, 714 

— mtnlodithiophuaphate, 726 

— nitrilosiilphinate. 667 

- niinlotnsulphonato, 667, 681 

- nitnte, 470 

nitrohydroxy laminate, 305 
nitrosylaulphile, 434 

— oxalstobisuinitritobisdiaininino- 

lobaltiato, 510 

— oxide, 223 
pentamaUphoaphate, 088 
pentasodium imidoBuifihonate, (»r>0 

heinipentah>drnie, 650 

heptalijdrate, 660 

- pentathiopyrophoBphate, 1070 
phoaphitododeoaniol>bdato 918 
phoBphitohexamolybdalo, 018 
phosphitopentamoiyl^te, 918 
phosphitoiungstate, 019 
potasMum imidocbromato, 260 

monamidoplioaphate, 70(> 
pentametanhosphato, 088 
fuKer araidosulpiionate, 642 

— - t obaltie hexanitntea, 604 
sodium bismuth uimtomtnle, 600 

- - boxanitntobismuthite, 600 
- — — monohydmta, 6(K) 

nitiatouuidodisulphonate, 661 

pentametapliospliate, 088 

- strontiuDi hydroxynitnlodiaulphonat^ 

677 

* unidoaulphooate. 664 
nickel nitnte, 6)1 

- suJphatophoephata, 048* 1071 
iulphimiM 668 
miljidiiimdodiamide, 666 
tetrattidoiulphimatoplatmite, 645 
tetmnitritodiamtDinocobalUate, 600 
tetrasutntoplaUnile, 618 

- Irtraphoaphitototrtde^ 

tneontatungrtate, 910 

— thiophoaphaie* 1064 

— tnamidoaiphoaphate, 718 

— - triamminoehlondle, 818 

- tiiaaoiiioiiioatilplionate, 684 

- tfihydmlgrpopiioipbatob 038 

- tnimidoohroiDato* 866 . 

-fcmilver tn«U|iuiylduBiidodiai»^ 
666 
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t awMB l tw i tiMiKipboqftaH 1(167 

■I uni^fl pbovpBiita^ 910 

(di)jAiiiiaimliiiii cllbydiodiiimidoteti'AlAoi 
phAto, 716 « 

— ~ byms3^rilodiiiu^^ 678 

hydi^iyoitrib-iso^ajaulphODAte, 678 
Imidodmiphonate, 640 

iinid6srulphDiiAte» 647 

— ^ pentasilver trtnisulphurylfcriimido* 

diamida, 666 

(peatayAnuiioiiiiim hydfoxybiBnitiilodlsul 
phonatop 673 

(t]i}Aaimoiiium amidodiphospliata, 710 
hydrodiamidotetraphoAphate, 716 

— XiydEoi^trUodjaulphonatep 073 

— unidodisulphinitep 646 
— — imidodwilphonatop 648 
—^ — hydrated, 648 

imidotriihioplioaphate, 727 
Ammono-acidak 277. 278 
Ammono-bawa, 277, 278 
AminoiiohydiBTOiutrio aoid, 330 
AmmonolyBiBp 277 
Attunononitrio aciA 330, 341 
Ammono-BaltSp 277, 278 
dnilina ferroheptaaitroByltriBulphiile, 442 
Antimonio nitrosyl chloride, 617 
Antimony azide, 354 

ohloronitrldep 724 

dinitroxylpenuuleoachbride, 642 

— ^ monamidodipboaphatep 710 

— monophosphide, 851 
nitriae, 124, 272 

niiroxyldecaohloride, 438 

phoBphodecaelilorido, 1015 

phosphopentadocnchlorkle, 1015 

tbiophohphate, 1000 

Antimonyl phosphite, 007 

— pbospldtOp 918 
Apatite. 733 

Aqua oalcinationis omnium metallorum, 61 8 

— disBolutivo, 566 

— ■ fortiSp 666, 656 

prima» 666, 018 

regia, 017 

stabilized, 619 

rom 313 

salis ammoniaci, 018 

Armenian salt, 144 
Arsenic aoid niirosyl, 436 

amide, 272 . 

azide, 837 

— chloroimide, 272 
dioxydiphospbido, 861 

— dioxyphosphide, 861 
heimphosphide, 861 

— imide, 272 

monophospliide, 861 

— nitride, 123, 272 
phosphootoohloride, 1005 
phosphodeeachloride, 1016 

— »• sodium bromoazide, 337 

— thiophosp^te, 1065 

Axsenioua phosphootoohlorido, 1015 

Augelite, 783 

Auceolin, 602 

Anrio obloroimide, 269 

— ~ dihydiox^amide, 259 

imidoamids, 260 

— * photphochloride, 1017 


Aurie idiospboetobroaide, 1036 
pnospliohexaohbride, 1007 
tetrsiiydroxyindda^ 269 
Auvous aminkionitride, lOl 

amm’Qotrihydroxynitride, 101 

pbosphotetrabromide, 1033 

phosphotetrachloride, 1007 
— ^ phosphotriehlorobroinide, 1007 
Autunite, 733 
Azides, 330, 344 
Azidodiihiooarbonatcs, 338 
Azidodithiocarbonio acid, 338 
Azidosulphonic acid, 314 
Azidothiocorbonyl disulphide, 838 
Azoimide, 328, 329, 330, 344 
Azote, 46 
Azoth, 46 
Azotogen, 300 
Azoxyhydroxyl, 806 


B 

Bacterium radiricola, 369 
Bacterized poat, 360 
Bamprite, 860 
Barium amide, 259 

amidoaulpliDnaie, 643 

amidothiuimidosulpbonaie, 630 

ammonium liydroxynitnlo-uo-disul- 

phonate, 679 

imidodiflulphonate, 656 

imidoBulphiniio, 646 

nickel nitrite, 611 

nifrilotrisulphonate, 060 

azide, 350 

hydrated, 350 

benzylidenehydcBzinomonoBulphonaie 

683 

otpsium nickel nitrite, 512 

ohloroamidosulphonate, 643 

cobaltio dodecanitrito, 604 

— Dzyoetonitritc, 604 

copiier ammonium nitrite, 468 

potassium nitrite, 488 

— cyanotetrazole, 339 

diomidodiphoBpbate, 711 

dihydrodiphoBphiio, 916 

homihydrate, 916 

monohydiate, 916 

trihydrate, 916 

dihydrohypophoBphate, 937 

dibydropyrophosphite, 922 

dibydrotriphospluto, D16 

diimidodiphosphato, 713 

diiododiniiritoplatinito, 623 

dithiophoBphate, 1068 

ethylenediaminomonoBulphonate, 083 

fermheptanitrosyltriaulphide, 442 

hexahydropentaphospbite, 916 

— - hexammine, 249 

hydrazinodisulphinate, 682 

hydiazinodisulphcnate, 683 

hydrazinomonosulphDDate, 683 

hydrohyponitrite, 414 

hydroimidodisulphonate, 666 

bydjoxybenzylidenehydrozinomgno- 

Bulphuimte, 683 

- " hydioxyniuilodisulphonato, 677 

~ ' byiliQxyiiHriio-iao-diBulphonate, 079 
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Barium hytfrozyiitMoimmimlpi^^ 671 

— byponitrite, 414 

bydimM, 4l4 

—— — Mcahydbrated, 414 
~ hypopboai^ate, 957 
hypopboaphita, 884 

bypopboapbltconolybdate, 868 

^I^F^^^Muiigatato, 888 

— imidodiphoaplkate, 713 

iridio ehloro&itrito, 614 

mercuric heptanitrite, 495 

— imidodiiulphmiBto, 068 

— pentahydmto, 068 

monamidoaiphosphate, 710 

monotbiophoapbafic, 1060 

nickel tetranitrite^ 611 

— - nitride, 102 

— - niiriloditbioplioepliate, 727 

nitrilotriKuJphonate, 600 

nitrite, 485 

- nitrohydrozylaminate, 300 

- phoaphide, 842 

— - - phoephite, 915 

potoauam cobalt mtriie, 600 

— - hydroxynitnlodiaulphonaie, 677 

— byponitritoBiilphatc, 690 

— - — — imidodieulphonato, 656 

iron nitrite, 501 

— nickel nitrite, 011 

— nitrilotruulphonate, 609 

. nitrite. 488 

ihodium dodeciinitrite, 613 

— -- Sliver nitrite, 48H 

— sodium cobalt nitrite, 600 

— hydrozynitriludisulphonate, 677 

imidodwulphonate, 605 

mtrilotrifkUiphDnale, 609 

— strontium nitrite, 488 
- sulfasidate, 672 

sulfliydrozylazninale, 672 

— Bulphainate, 660 

> - sulphamidate, 662 

— aulphimide, 664 

-- — Bulpbimidodiamido, 660 
tetranitntoplatioite, 020 

— thallium cobalt nitnto, 605 
tbiophoaphate, IDtiO 

trianddodiphosiihatej 712 

triaaomonoaulphonate, 084 

tntaduunide, 260 

tritbiopboaphaie, 1067 
(di)Barium hydmzynitiilonionoaulphonate, 
072 

(tn)Bariumhydroxyiiitrilor]ibulphooalf‘,677 

— imidodi^phooate, 656 
Banandite, 733 

Benaoyl aulphimide, 664 
Benaylidene sulphamide, 662 
Beraunite, 733 
BeryUium aride, 350 
diiododinitritoplafiiiite, 623 

— bypophoapb^, 937 

— nUri£l!1l^ 


BarvlkmltaL 732 
^wroaulftiie da for, 420* 440 
700 

BukeUmd and Eyda'a fumaoe, 274 
Biahop'i ring, 2 
Biamutb amnwiB, 272 

ammonium aodtum nitratonitrita^ 600 

— — oMiom nitrite, 499 

oobaJtio dinltritotetrauminoiodide, 

608 

diniiritotettanuninopamhkKratB, 

608 

. dinitritotatiBinininoBeleiiata, 608 
— ‘ hyponitrita, 417 

- bypophoaphate, 939 
‘ * bjmphoapbite, 887 

- - iodoarida, 337 
' - nitride, 124 

- nitrite, 499 

- nitrosyl chloride, 438, 01 7 
phosphide* 862 

- phosphite, BIB 

< potaasium nitrite, 499 

- > thallous nitnto, 499 

- thio|diospliote, 1006 

tritliiophosphate, 1067 

Bibmuthyl oobaltio hexanitrito, 600 

- . pentanitrita, 605 

totranitrito, 606 

- ~ nitrito, 499 
Bobiorrito, 733 
Bologna stone, 729 
Bontns dogalatmized, 736 

degreaiied, 735 

Horamido, 261 
Borirkita, 733 
Borimide, 261 

Boron amide, 261 

> - imide, 261 

* imidohydroohloriife, 261 
monophoaphide, 844 
nitnde, 108 
nitrite, 496 

- nitroeylfluoride, 434 

- - nitroeyltatrachloridp, 544 

phuaphinotriahJoride, 816 
phosphinotnfluoride, 816 
phoaphootobromide, 1036 

- phoapbodiiodide, 846 

- - pltoapliobezabroinide, 1033 

phoaphohaubromotrielilorida, 1006 
’ - pbosplkoiodida, 846 

phoapbopentachlurubexabronuila, 1016 
< - phoq^orylhexachloride, 1026 

> - tribmoiotriohlorida, 1026 

- tripontitaphoaphido, 846 
Bnquoia phoapboriquea, 1069 
Hroiuaridi^ 386 
Bromonitrio acid, 541 
Brofiiimtorpalpetorsaun^ 620 
Brusiiite, 733 

Buaana, 329 


- ' nitrite, 488 

- curytotranitritodiplatinita, 620 

ozytotraphoaphite, 919 

IJho^'cW 242 

piioapbita, 916 


Cadmium amide, 291 
— amidoiulplionste, 642 

aiuuumium diamminozytetfpnitnmi 

490 

nickel nitrite^ 612 
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Mleium Imopbotpliito, 885 

— oobdtic doomnitri^, 504 

- diaaiidiMli{dho«phate, 711 
diAmminopotoiaamide, 261 

^ diiododinitritoplatiDit^ 628 
— r. diphotphide, 844 
diiriUipbcMphide, 643 
hemip&otphide, B48 

— hypophosphate, B38 
— ^-hypopbosphite, BBS 

monothiophoiphate, 1069 

rntridiB, 107 

iutrit6p 4M 

— — idtjrohydrozylaminate, 806 

— oxaJatodinitritolieyainminooobaltiate, 

510 

ozynitrite, 490 

Dzypyrophmiphoiylchloride^ 1028 

phosphide, 848 

- phosphite, 916 

— potaSBainidd, 261 

— potiuttiiim amide, 261 

cobalt nitrite, 605 

... . ^ hexanitrito, 491 

niokol nitrite, 612 

tetraliydrodihydrohypophnB- 

phate, 938 

tetianitrite, 490 

trinitrito, 490 

teiranitritopktimto, 620 

- - thallium nickel nitrite, 612 

- thiob^pophoBphato, 1068 
• thiophosphate, 1065 

thiopyrophoBphate, 1070 

trilliiophoBphate, 1067 

Casammonium, 246 
Umium amide, 263 
ammine, 246 

— azide, 348 

azidodithiocarbonate, 338 

barium nickel nitrite, 512 

biamuth nitrite, 499 

oobaltio hexanitiite, 503 

cop|)er lead bexonitritc, 600 

— ^ diiododinitritoplatinite, 622 
enneanitiitodibiBmnthite, 4D9 

— foRoheptaiiitroBylfcriBulphide, 441 
hemipentaphosphide, 836 

- — monofluotrihydrorthophosphate, 998 
nickel nitritobiamuthite, 613 

— nitride, 99 

nitrite, 479 

phoaphide, 835 

silver cobaltic hoxanitritea, 604 

— - nitrite, 484 

- ~ totranitritodiamminDCobaltiate, 610 
tetmnitritoplatinite, 619 

Oaloii hypophOBphia» 880 
Caloioferrite, 733 
CSalcium amide, 259 

amidoBul^onate, 642 

_ ammonium hydnaynitrilodiaulphon- 
ate, 677 

— imidodii^phonate, 664 
-nickel nitnte^ 611 
>aaido, 849 

- oadi^um hypophoaphite, 886 

- oobaltic dodeeanitrne, 604 
oxyootonitrite, 604 


Oalrimtt ooppar ammonium nitrite, 488 

Mtaaaiiim nitrite, 488 

dikydrobypophoapha^ 987 

dihydropyiophoBpbite, 022 

dibydrozybiaphoj^hDiyltriobloride^ 

1026 

diiodonitritaplatinite, 622 

disilioodinitiide, 115 

dithiophosphate, 1068 

ferroheptanitroByltriaulphide, 442 

— heTammine, 248 

— hezBiohezaphDBpfaate, 992 
hydrazinodiBulphinate, 082 

hydrazinomonosulphonate, 688 

hydrolmidodisulphonato, 664 

— - hydrozylamite, 290 

hydroxynitnlodieulphonate, 676 

hyponitrite, 414 

- — tetraliydratn, 41 
hypophoephate, 937 

hypophoaphite, 883 

iniide, 200 

mercuric beptanitrite, 496 
— imidochloroBulphonate, 668 

imidoBulphonato, 668 

imidotetraozyaulphonate, 657 

— monothiophosphate, 1069 
nitnde, 101 

nitrite, 485 

- nitrohydroxylaminato, 305 
Doterohexaphnsphate, 992 

- oxybiaphoaphoryltrirhloride, 1020 
oxypyrophogphoiylchlonde, 1028 

oxytriaphoaphoryltrichloride, 1020 

penterohexaphoBphate, 992 
phosphide, 841 

— phosphite, 914 

— - potaBBium cobalt nitrite, 606 

— nickel nitrite, 612 

nitrite, 488, Ml 

silicooyanamide, 1 16 

- silicocyanide, 116 
Bihcodinitride, 116 

— - ailiconitrido, 116 

silver nitrite, 466 

— - sodium imidodiaulplionato, 664 

Bulphamidate, 602 
Bulphimide, 601 

— tetrammine, 248 

- tetranitritoplatinitp, 620 

thiophosphate, 1066 

triti^ainide, 260 

trithiophosphate, 1067 

(tri)Oalcium inudodiaulphonato, 664 
Calloinite, 733 
Uollaite, 738 

Carbadde fBiToheptanitroByltrisulphid0^448 
Oarbazot-sihoium, 116 
Carbon amide, 262 

compounds in air, 10 

dioxide in air, 7 

nitride, 116 

phosphide, 846 

phoaphinodioxide, 816 

phoapliinodiaulphidei 616 

Cerium azide, 354 
dinitrid^ 121 

— hyponitrite, 416 

h^phoBphite, 886 

nitride, 120 
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OmbIiibi flitfittft, M 

aitrohyJroxyliiiiritniit^ SOS 
OerouB uoifioidiim copper nitnta, 490 
dodeoAnitritotriplAtinite, 621 
hevRiodohcxa&itiitotriplatiaitd, 629 

— nitritck, 490 

potaasiani i*opper nitrite, 406 

niokel mtriK 612 

- tlialUuiD copper nitrite, 496 

nickel nitrite, 512 

ChalooBtderite, 739 

Cleunber orystalfl. 696 
Ohnrcoal, uitnuil, 735 
Cliooilcal matched 1059 
rhildrenito, 733 
Chloniiide, 33G 
Chlorine in air, 1 1 
Cliloroamide, 601 
Chloroamine, 604 
Chbrobypoarotiijuc arid, CIS 
Chloronitnc acid, 641, 618 
( lilomnitrotui a4*id, 018 
(lirouiK nUntopmtarnmiDBii. 496 

nitiitO|X'ntamrfiiiinhrnnti(K 499 

nitnlopcntAinnunocarbonato, 490 

iiitntO|>eiitamiiiinoch1nn(Je, 498 

— — ^ uitnUipsntaroniinooldoroplatinato, 499 
-- iiitntopt'iilainniuioi'hroiiinto, 499 

— lutritojicntaininiiiodichromate, 499 
lutritoiiontAinmiaoditliionato, 499 
mtnto|ipntammmc»hydn»3rui*s 499 

* iiiiritojHintainmtnoi'^dr, 499 

iiilntop^ntommiuonitnite. 490 

iiitntopentamniuiOBulphatc. 199 

—— n it may Itot rat hioo vanat odia inmiiie,430 

— jiho«i/hoc(cK4il inde, lnl7 

tliiop>ropho'«phato, 1070 

*— \atit ho- nitrites, 496 
Chroinih>drazoic acid, 854 
Chromium amidoa, 266 

aniidojdi<»aphates, 206, 706 

aniinouiiiin piiufiphjte, 016 
— - ande, 35 

— clilorohexaraibamide Ictranitfodiam- 
TDinoi uhaltiatc, 510 

— - LhamulndipliO^pliatc, 711 

— (lihromotitrarpiotulranit rit odiam- 

miitoco)x\jLiAtf, 510 

- dlchlorobofraquatetronitrj tod tarn- 

minoroliuliiatc, 510 

dihydroxyazidc, 351 

diDzyamido, 266 

liozacarbaniidH tctranUntodianiniino* 
oolialtjate, 510 
hydroxy diazirif*, 354 

— - iiydroiyddiypnphoKpliito, 887 
tiV[K>pho8phato, 039 

^ ‘ h} |>oph<ihptiTl4s K87 

— - inud^, 2hfi 

— ‘ monamirlodiphritipliato, 710 

— rnonophfMphidu, 810 

luti idp, ] 26 

— nitroa^lnxycldonde, 439 

— phoephitc, 918 
iKitiunium phrephito, 913 

— |i%nduioaziilt*, 351 
— - « odium aride, 354 

plioephitc, 916 

— — Ihiohypopboephate, 1061 

thiopoMphite, 1062 


Gbiomhim ti^dtepyW i^ 
nita^SSl 

— ~ tritadioitrida, 127 
— ^ triihiophoepfaAtab 1067 
ChioiEyl imida, 260 
Chryni^ 056 
Chydiaaakiab 228 

ohloiide, 223 

chloioplatinatek 223 

— ^ nitrate, 223 

sulphate^ 823 

UirroUte, 733 
Coalite^ 166 

CoLmH amidoaulphonate, 644 
>— • ammonium aside, 366 
lead nitrite, 606 

- plioephiie, 920 

aquopentai]imiiioanudaea]phQnate,6 i 1 

-- aquopentamminoiinidodisulphoDate, 

aquopentamminonitriiotrieulphonalD, 

009 

azide, 356 

- - liariurn thallium nitrite. 605 

carbonatopoiiU m m t n o a ui i d t> a u 1 - 
phonate. 6t4 

- iflO’ChloropcntamnninohydruxynUrilo- 

dtsulphonato, 680 

- liiamidodiplimphate, 711 
diaquotctraTumincMimidoaul ph onat e, 

044 

-1:6 diazidobiifeihyhmocliatifiiiin a/nln. 

355 

-- * 1 O'diazidubLiethylenediaiiiiue chloro- 
auraio, 355 

-- I O-diazidohiMethylimodiaininocliWo 
platiiiato, 355 

-- 1 6-cliaud(»buiethylonedjaoiniinniii 
trate, 355 

I ‘ G-cliazidi>bi«eth3''1eDediamme ildo- 

cyanate, 356 

1 O-dia/idobieethylenprlithionata. 355 

- tiiaziduiotramminonitfate, 355 

- - (haaotetramnuiiodithiotiate, 355 

— iliAzototramminoiodide, 355 

- 1.2 dichlotobieethylenediainim? a/idi', 

365 

- 1 : d-dichlorobisethylenediaimnonziJB. 

356 

diKKlodiiuiritoplatinite, 623 

- ria*ieo>dmitrito4eimmmitiohydroxV’ 
mlrUodiiulphonate, 680 
^ ri^'dimlritotettaminiiionitr ilo t n a u 1 - 

phonate, 069 . . , 

* .traiw-diniiritoietrammiiiMmidoaiii 


phonate, 044 , , 

tnuM-i«>-dinitritoteti»mmmohydroxy- 

aitnlodieulpbonate, 086 

- tmna-<bmtriu>teirammiiioiutnlotrwiii- 


phonate, 609 

- - - dmtroayideoainminodinitra t o t 

niini^ 443 * * 

dudlroevldecaiiwitoodifiitratototra 
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tiirtmmiwfnowaMpi^ 644 

hnEftaitninodihydKn^ 

(AkniAto^ 672 

lieiMWiipiiiofwahepteiiitg o ay It r ii al- 
pUde^ 442 

• iaDJiexanuninohydroaTiytrilodiiul^ 
phonate, G80 

— haxaxmnmoiinidodiimlphoiiate, 669 
hexanimf nonitril otriaqlphonate, 669 

— hydro^aaida, 356 

hyponitrita, 417 

«— hypophoipbatei 939 

— hypnphosphite, 390 

monamidodiphoapluite^ 710 

* — monothiophoBphate, 1069 

— - nitridei 136 

nitritopentamniinoamidosulphonate, 

614 

iiiiritopentamminohydrozynitr i 1 o d i- 

Bulphonato, 680 

— iso-nitriiopantamminohydFoxynitrilo- 

diBulphonate, 680 

nitritopentamminoiiiiidodisulplionatPj 

659 

— nitroBylpantaniTniiiodiL'hlorido, 443 

— nitroaylpentamminodmitrate, 443 

— * nitrosyltrirarbonyl, 436 
*- - phosphite, 920 

-- potassium azide, 355 
. . _ barium nitrite, 506 

cadmium nitrite, 506 

^ . diammixioietianitiite, 602 

dinitrosyldecammiuod i i o d o d i- 

nittatoiodide, 443 

hypophosphate, 930 

merciirio nitrite, 606 

nickel nitrite, 612 

_ phosphite, 020 

. . . zinc nitrite, 606 

— rubidium lead nitrite, 606 

— failver dinitrosyldMamminotetrani- 

t rat onit rats, 443 

— sodium barium nitrite, 506 

- — hypophosphate, 930 

phoapliite, 920 

• tetraderametapbosphate, 900 

— thallium nickel nitrite, 512 
triamidodiphosphate, 712 

— tritadimiride, 137 

tritanitride, 137 

yellow, 602 

Cobaltie amidosulphonatea (cia), 60B 
- — — (trans), 608 

ammonium bezanitrite, 604 

ailver hexaniirites, 604 

— aqunnitritototrammiiiohydroBelenate, 

607 

«— ■ BUUonitritotetramxniiiohydroBulphate, 
607 

— aquonitritotetrammino - oxalate, 

607 

, — aquonitrltotetttiiimmoaeleiiate, 607 
i— aquonitritotetraiiiminotaitrate, 507 

— aqimpentainmmiinitrilotriaulpbonatB, 

— ^ aquopentamminoiiittite, 606 
barim dodeoanitrite, 604 
— * oxyootonitritep 604 


OobaltiehisiiiQihdiidtrfM^^ 

608 

"^g **^*^^**^**^^ 

—— diidtritotehranmunoaelmie, 608 

biamuthyl hexanitrate, 606 

— pentanitrite, 606 

— tetranitrite, 606 

cadmium dodecanitrite, 604 

ca»ium hexanitrite, 503 

silver hexanitrites, 604 

calcium dodeeanitrite, 604 

oxyoetooitriio, 604 

carbonatopontamminonitrite, 606 

chloroaquotetramminoiuirite, 608 

chloioaurate (cis), 608 

cblDronitritodiethylenodiamines, 608 

chloronitrotetrammiAoniirite, 608 

chloroplatinates (cis), 608 

(trans), 608 

— - c hloroplatinitea (ois), 608 

— ftraiiM), 608 

— cobaltous Dzynitritonitrate, 606 
copper nitrite, 604 

crooeo-salts, 607 

disquotetramminonitrito, 608 
> > dicUorDtetnunminenitniB (cis), 508 
(trans), 608 

— diiodotetramminonitrite (cis), 608 

(trans), 608 

— (iiniti itobromotriamraine, 509 
dirntritochlorotriamiuine, 609 

— dmitritodmmmmohydronitrate (cis), 

607 

dinit rit odi Bth> lenediamino bromide 

(ris), 608 
— (Iran?), 608 

chloride (cis), 608 

(trans), 608 

ditliionate (cis), 608 

(trans), 508 

— iodide (ris), 608 

(trans), 608 

sulpliate (cis), 608 

dinitntodiethylon^iamines, 508 

diniiritodieihylcnediammine nitrate 

(cis), 608 

(trans), 508 

dinitiitodioth vlenediammin onitrite 

(cis), 608 

(trans), 608 

dinitritotetrammine hexanitrito- 

cobaltiato (cis), 607 

(trans), 607 

— » iotranitntodiainnimooobal 1 1 a t e 

(CIS), 607, 610 

(trans), 607, 610 

dinitritototrammines, 507 

— - dmitritotetramminobroinide (trans), 
607 

dinitritotetramminoohloride, 607 

dinitritotetramminochloroaurate (oil)# 

607 

(trans), 607 

dinitritotetramminoohloroplatinate 

(cia). 607 

(trans), 507 

dinitritotetranmunodhlorop latinite 

(ois), 607 

dinitritotetramminoohiomatej 608 
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CWMlfe 

508 

~ diiulritofevtjni^^ (oi*), 507 

— (trojEM), 507 

dinitvHoietrmmb 

fikoiuite (CW), 508, 688 

— ftim), 508, 682 

- dmitrolatnuam (cm). 508 

(tFKUi), 508 

dudiritototmininiaopat^ (tranB). 
507 

dinitritotetxBiiiiiilnopdyi^ (ris), 
507) 

— (tiwM), 508 

dinitritoMmiimiiBoiwIen^ (oia), 507 

(tfiBiui), 507 

• dinitriioteliTamininomlpbtte [via), 507 

— — (tnm), 507 

dioiotriimideoainiiunoDitrate. 274 

diocotriimidadocamnuniH'tobr o m i (J e. 

274 

.... diOKotrlifddkKlfieaiiiininoctochl o r i d a, 
274 

dipotamiuitt ailvar hcxanitrilo. 604 
diaodhim potaafluim nitrita. 504 
Havo-saltfl, 507 

— hesuinm^itieKiiamminotatrairiiii i r i i o* 

robaltiata. 50G 
haxamminohexfuriitrita. 506 

— - - hoxamininomtnlotmulphi>nate, 081 

hexamiBinotrinitiite. 506 
bexapotBMiiUTn octolijdndctinhypo- 
phoaphaU*, 939 

hydroiutritoinudoctamniina oitrata, 

596 

hydronitritounidootamniinodiaub 
phati«, 273 

hyw^nitritoiiiudoctaiiiniiiiotatrachlo- 

rido. 273 

hydronitritoifiiidoctainniiiiotatra- 

nitrato, 273 

hydionitritoimidohazamm i n o t o t ra 

chloride, 274, 506 

— bydroTiiintoimidoliazanuui a o t e t ra- 

chloride, 500 

. -> hydroBulpbatoiinidociaininmodi''hlQro- 
nitraic, 273 

* hydmulidiatoinddoctainnunohydrfuli 

aulpliato, 273 

— - hydmulphatoimidwjtamnunot r i b r o- 

mida, 273 

— hydroflulphatoimidoctainminotric b I o- 

ride, 273 

— hydroalphatoiimdootamm i n o i r i i o- 
dida, 274 

— — hydra^phatobnidoctamint n o f ri n t- 
tnite. 273 

hydrozynitritodisulphonate, 507 

^ — iso-hydiro^iutritodMalphoQato, 607 

Lydroxynitritoifionoaulpho&atc. 607 

bydioxymtritotetnunmuobro 608 

hydxDxyidtritotatTamimnoc^^ 508 
«— l^droxyxiiirilotatrainiiiinobydl r o b r o- 
mtdo, 508 

— — hydxoxymtriftotatianuiuiiidiydrDoblo* 
ride, 508 

- hydroxynttritotatrainixiiDobydrQ- 
iodide 508 

tiydiaxynUritotatiai^ 608 

imidoctiammifia, 273 


Oobattfe toMoiiiiaiwria^ 871 

— — itnidoctaiuidira^ 871 

- — imidofltiBnininotatBaid^ 878 

fantdohamiiiiiin^ 874 

imkloliasaiaiDinoiatmQh^ 874 

-• ~ imdohniummhiioiU 

ittddolioxaiimunotatcaid^^ 874 

unidoaolpbdiiata, 607 

* * lead dodiouanitrita, 505 
- — IHhhim baxaaitrlta, 604 

— - • magfiaaium baxanitrita. 504 
maroaroua haxanhrite, 506 

— nitmioioiidotriaquohaxammuiotiiohlo* 

ride, 274 

nitvatolmidotriaquobaxamni laotri> 

nitrate. 274 

nitratopentamminahazanitritooobilti- 

ate, 506 
-- nitrite. 601 

— nitritoa^Tiotatnunmina tatrauStritodj- 

aTnminooobaUiaia, 607 

— nitritoaquotetranumiiMi, 507 

< - nitritoaquc^atraiiuvunooafboiu 5U7 
nitritoaquotatrainminocUbromido. rrt>7 
nitiiioaquotetramminodichlorida, 507 
nitritoaqiiotatnriiininoduodide«. 507 
nit ritoaquototramininooit Rite, 607 

- - nif ritoaquotatramminufliilphaia. 507 

‘ * - nitritocIdtiitHlietliylflnediumina bro< 
inido (eia), 508 
(triuia). 508 
ohionda (eia), 508 
(tmna), 608 

- bydroifulpliato (cia), 508 

- - (trana), 508 

— - - iodide (cia). 608 

(tmna), 508 

' nilrato (cia), 508 

(tnuui), 4>08 

* tlaocvanata (cia), 508 
(tmne), 608 

Ditritodiiaatliylglyazimammine, 509 
uio-iuiritodiBulphoiiatiia (ou), 508 
(InuM), 608 

nitritijhy ditKaurbonatdta t r a m m i n o- 
nitrate, 508 

niintonilraiodiatliyleoadiatQine uj* 
timta (cia), 508 
(tiana), 508 

-> nitritopantammina bromonitrate. 507 
- ordaronitTata^ 607 
chromate, 507 

- -* dibnimida, 507 

— • - didbromate, 507 

- - - - diiodide. 507 

• • fluoailicata, 607 

nHimioehloroaumte, 507 

. — luimtonhlDfoplatai^ 507 
.... . aulpbatoiodida, 507 

— — aulpliatopariodida, 507 

— tetranitritcKliajaun^^ 

506 

. . • nitritonantaiiuniBiML 500 

iritritopantamroinnamidoadpb^ 

— nitritopentamminoditdd^ 

ieo-nitritopanlamiidiiodi^^ 

nitritopeaw iri f iod i n i ti ^ Off 

— - > lutritopatiuinmto^^ ^ 
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m 1 II 0 n i t r i 1 0 1 ^ 

nitiilK)|iMtftmii^^ 006 
nHritopentomnutiM 600 

aftrifcopentammiiuM 008 

nitritopentamiiBiiiathiotem 

' 007 


nitritopentfttiiminotliio-oxaUte, 607 

nitritopentftniiiiiiiothiM^^ 007 

«— nitrHicwulplutototittmimne, 008 

nStritothiocyanatodiethyldiA m m i n o- 

chloride, 608 

— mtritothiocyBiiatodiethylenedicmuiM, 


nitritothiocyanatotetrammiiiea, 0OS 

nitritotriBulplioiuite, 607 

— nitritoxalatotriamniine, 609 

ozalaiopentamminonilritoi 506 ^ 

oxoblBunidobuoGtammiiioctoclilQride, 

273 


ozobiaimidobisoiitainnijnocton i t r at e, 

,273 

oxubiaimidobiBOctaminmotetr aBuh 

pbate, 273 

— — oxobiBimidoctamminoctobromide, 273 

— ozoimidohezamioiuohy drotricihlor i d e, 

274 

— oBoimidohexammiiiDtrinitrate, 274 
potaasiuin dinilver hoxanitrite, 604 

— nitrite, 602 

— ^ oxyoDtonitriie, 602 

— rubidium hexanitrite, 603 

— flilver liexanitriteB, 601 

silver hexaniirite, 504 

nit ritui>entamminotriiut rite, 006 

— oxyhexanitrite, 604 

— sodium dipotaaeiuin nitrite, 004 

liexBn]minoh3^ophoB{)liate, 039 

— — — — hexanitrite, M 3 

— — oxyDAtonitrite, 602 » 

strontium dodeoaniirito, 004 

— oxyoctenitriie, 604 

— Bulphatobisdinitritobutriammuie, 609 

— Bulphatoimidoctamminodichloride, 273 

BalphatoimidoctamminodinitTBio, 273 

Bulphatopentarmninonitrite, 606 

thallium hexanitrite, 605 

— — ^ silver hexanitrites, 504 

— iso - thiocyanatopentammine niteate, 

606 

trinitritoethylenediaminaminine, 600 

— ^ trinitriiotriammine, 608 

zinc oxytrinitrite, 604 

(di)CDl^ltio /i-amidonitrito-octainminoBele- 
nato, 510 

• nitritodih ydroxyliexamminosele- 
nate, 611 

—— tetrBnitrito-/A*Belenalohexaiumine ,610 
CobaltidiDhloroaquoiriammine tetranitrito- 
dumminocobaltiate, 610 
Oobaltihexanimine tetraaitritodiammino- 
oobcdtiate, 510 

Oobaltinitratopentammine totranitritodi- 
amminoool^tiate, 510 
Oobaliinitritoaqnotetiamjnine tetranitrito- 
diamminocoMtiate, 510 
Qobaltinitritoohlorotetrammme dinitrito* 
dio^iodiammiaocobalitiate, 510 


yoL. vm. 


CUbiUMtiMooUo^^ dinttrilo* 

t ^valatfrdiainmiBiiiTiohftUiiatw 010 
Cobaltinifcritopentammiiia letunanitritodl- 
amttiinoo4;;Mtiate, 610 
Cobaltosir nitrite, 610 
— ^ oxyhexamtritodimtrite, 601 
Cobaltous amide, 273 

oobaltio oxyuitritonitrate, 506 

hexapyridinonibfite, 501 

hypophosphitomolybditomoly b d a ta^ 

— 

potaaaium dinitrite, 602 

tetranitrite, 001 

— trinitrite, M2 

tetranitritoplatinite, 621 

tripyridinonitrite, 001 

Cohesion, 1 

Gollophane, 733 
Collophwte, 730 
Oolumbium carboiiitrido, 120 
mononitride, 125 
— <• oxycarbunilride, 126 

tritaprnta nitride, 125 

Congolation, aqueous, 506 

spirit ouM, 565 

Co-ottliuaLion number, 236 

theory, uomonolature, 237 

Copper amidosulphonato, 641 

ammonium cerous nitrite, 496 

Ifkad nitnte, 498 

— ^ barium ammonium nitrite, 488 
potassium nitrite, 488 

— bifiothylenediaiiuniuonitrite, 480 

caesium load hoxanitrite, 500 

calcium ammonium nitrite, 488 

■ potassium nitrite, 488 

cobaltic nitrite, 604 

— diamidodiphos^iate, 711 

diamminodinitrite, 480 

diamininuhoxwtritp, 479 

diamminonitrite, 479 

dipontitaphoRphide, 838 

diphoHpliido, 839 

dithiophosphate, 1068 

dibritaphosphide, 839 

ethylenediaminosulpluunidate, 662 

hemiphosphide, 838 

hexaliydroxydinitrite, 479 

hydroxynitrosy] sulphonio acid, 694 

bypophosphitp, 882 

biaetliylenodiamino. 8R3 

monamidodiphoRphate, 710 

inonophosphide, 839 

monothiopbosphaie, 1069 

nitrite, 479 

nitrosyl bromide, 426 

chloride, 420, 017 

eulphate, 423, 426 

tetrabromide, 426 

oxalatodinitritohexamminooobaltiatfl^ 

010 

oxynitrite, 479 

oxypytophospborylchbride, 1028 

oxy tetranitritoplatinite, 619 

phosphide colloidal, 836 

phospliides, H35 

phosphite, 914 

phosphitotunflstata, 919 

potassium cerous nitrite^ 496 
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m 

Copp<v potwinm lead heaEOtiiMtei 49B Didytahim dodeeaidtriMiMH^^ ttl 
..M mereuiio ootochbroMcaminta^ hnaeaiodolmanMtotnpkilS^ SH 

495 hvdroadde, 85S 

— oobliydioteiiBhypoplKM ph a t nitrita, 496 

98B DiefthyUiitliiopboa|dil^ acid, 878 

- — ■trantlum ammonium nitrite, 488 Diethylphoepoate, D66 

— notaaBhim nitrite, 488 Diethylphoephorio add, 966 

BUlphunide, 864 Diflnodioatyphoaphorio add, 997 

tetrammincnitiite, 480 Dihydrated ammonium tetranitriioplati* 

— tetramrainoBolphainidate, 608 nite, 518 

— tetranitritoplBtinite, 61 B • potaastum palladoue tetranitvite, 514 

tetianitioheixamminoCDbaltiatej 510 tetranitritoplatinite, 618 

thaUinm eeroua nitrite, 496 — rubidiom tetnmitrito{dBtiiiite, 519 

thalloua nitrite, 496 Dibydrite, 733 


— ^ thioh^pophoephate, 1063 
~ triamidoaiphoiphate, 712 

— tritaphoBpbide, 887 
— * trithiophOBidiate, 1067 
Coronium, 6 

Corpse oandfes, 808 
Cuivre nitr4, 644 
Cuprio animinoazide, 848 

— adde, 348 
— - bad^ 348 

diiododinitiitoplatinite, 622 

hydrozyhsrpomtriio, 41 1 

bvpophoBphate, 936 

nitride, 100 

— oxyazido, 348 

potamiom nitrite, 480 

— ibiopboBphate, 1066 

— tliiophosphite, 1062 

Cuprous axnide, 269 
aaid^ 348 

— liemipentainmiiiopotaBsioamide, 26 B 

— byponitrite, 412 
— dihydrate, 412 

- nitride, 99 

— nitrosyl chloride, 617 

— phosphinochloride, 817 

potasaium amide, 259 

Binininoamido, 259 

ihiophosphate, 1066 

• thiophosphite, 1062 

thiopyropliosphate, 1070 

Pyanoletrazote, 339 


D 

DaliUite. 733 

Deoametaphoaphates, 089 
Deeaphoaphonc acid, 901 
Dolvauxite, 733 

Dephlogisticated nitrous air, 385 
Deutaaoidiosphoric acid, 717 
Dewpoint, 9 

Diaoetylorihonitrio add, 664 
Diadochite, 738 
Diamide, 308 

Diamidodiphosphoric acid, 710 
DiamidDphosphoric add, 706 
Diamidotetraphosphorio acid, 715 
DiamidothiophoBpiioric acid, 725 
Diaaobenxene, 308 
— iso-, 297 

Diaaomonoaulphonie add, 688 
Dliolibminitoul|diQiiat^ 641 


DihydroTyammonia, 307, 404 
Dih3rdrozyhydracino, 682 
Dihydroxyldiimide, 288 
DibydroxyUiydrazine, 288 
Diimide, 329 

hydiof hlnrida, 829 

Diimidodiamidotetraphoaphoric acid, 715 
Diimidodiphoaphoamidic acid, 714 
Diimidodiphosphorjc odd, 713 
Diimidodiplioaphorylmoiiaminic add, 714 
Diimidomonamidophosphorio add, 714 
Diimidopeniathiodiphoaphoric add, 727 
Diimidop«ntathiDp]^pho0phorie acid, 1066 
Diimidotri phosphoric acid, 714 
Diiodylamme, 606 
Dimerruriammonium nitrite, 496 
Dimetaphosphatee, 986 
Dimetaphosphimio acid, 717 
l^imeiaphoBphoric add, 986 
Diporaphoaphono acid, 948 
DiphosphamidlD arid, 710 
Diphosphodiamidic add, 710 
Diphosphoric acid, 948 
Diphoaphotriaimdic add, 711 
DiplatinouB dinitritodibydrazmodiammino- 
anlphate, 617 

dinitritcHUhydmzylaaninodihydrazino* 

sulphate, 617 

dmitritodihydioxylaininDeth y 1 a n e- 

diamminodiamniine, 617 
Dipotabsium silver cobaltio liezanitrite, 604 
— 1 — sodium cobaltio nitrite, 604 
Disilver potoasium cobaltio hexanitrite, 604 
Disilylamino, 262 
Dlsilylammonia, 262 

Diaodium potassium cobaltio nitrite, 604 
Disulphommonio add, 647, 667 
Dithiodiimide, 260 
Ditiiiophosphorio add, 1062, 1067 
Ditbiophoaphorous acid, lOdS 
Dust in air, 1 
Dyslytite, 860 


B 

Eau regale, 618 
EhUto, 733 

Electrolytic induction, 585 
Electropneumatio fire-produosii, 1058 
Eleonoiite, 733 
Elf-oandle^ 803 
— -fire, 803 

Ennecohexaphosphorio add, 992 
Eosphorite, 733 

Erbium do^anitritotriplatinite^ 521 
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BMm fambSohm^^ 

I—— 

t»$ii^amh, 780 
Ethyl «»ddMulplimate» 634 
lomdiiatmyliulpliidei 442 
hesametophoftphAtep 089 
— ^ hypophorahatd, 082 
EihyUwia oiainitKinKmiymlphon^ aeidp 668 
Ethylnitiolio acid, 207 
Bthyl(OuNq[ftioriQ ai^ 966 
Biumuiateri 8 
Supyrioa, 1059 
Bvaaaitaj 738 


hmuf lidk^phoM^^ 1066 
-thioplioap1i&^ 1062 
— thiopyrobhoqphale, 1070 
-- trfomooBcaiutfltobexaplat^ 621 
Fottx foUota. 603 
FUiowite^ 738 
Fisoharito. 788 
FlaiABa ia nitroua ozidap 896 
Floun de phoaphoKp 601, 940 
Friotion-li^ttp 1069 
FunkfeuerKaiigm, 1059 

0 


F 


FaMc^ldito, 783 

Ferric amidotulplumAtep 644 

— ammonium hydro^oaidiite, 020 
aquohypophoflphitaBp B89 

aaide, 354 

bromohypoplioaphite, BOO 

ohloroh^phoephito, BOO 

cUoroMtibnohypophoBphite, 890 

dUmido dipboepliate, 711 

— dibydroxybaxahypophoapbi t o h y p o- 

phosphite, BBO 

diphoaphoctoohloriddp 1017 

hevaiodohexanitritotriplatinite, 623 

liydroxyazide, 356 
hydrozyhexaphoBpbitodihypo- 
phoephite, 8B0 

— hydroxybypophoepbitM, 6B9 
hypunitrite, 417 

— hypophosphisp 880 
hypophoaphitOp 889 

— « monamidodiphoaphate, 710 

nitratubypophoij^ite, 690 

nitride, 134 

nitrite, BOO 

— nitroeyl chloride, 617 

nitroayldodecaohloride, 486 

— nitroBylhexachloride, 425 

mtrosylBulphate, 424 

perohloratohypophoaphitee, 890 

phosphite, 910 

potassium hydropliosphixe, 920 

— — sodium hydrophosphite, 920 

aulphatohypophosphites, 890 

thiophosphate, 1060 

trihydrozyhexaphosphite, 920 

trihydroiypentahypophoBphitohypo 

phosphite, 889 

Ferrous amidosulphonate, 044 
aaide, 364 

diiododinibritoplatinite, 623 

— < dinitroeylliBZAluomide, 426 
dinitiosyltriBulphidB, 440 
hyilro:^]amite, 291 
— - hyponitrite, 417 

— hypophoephite^ 889 

moaothiophoaphacQ, 1069 

— nitrida, 184 
nitrite* 600 


^ nitroBvldiohloTide, 426 
. ■ dlhy 


hydrated, 425 


nitrosylhydrophoaphate^ 426 

nitroaylsulphate^ 424 
— phospunte; 919 


Gallium nitrite, 495 
Oeocoronium, 6 
Gibbaite, 738 

Glycerophoaphorio acid, 964 
Gold aside, 349 

— hemitriphoaphida, 841 
monamidodiphoaphate, 710 

— monophosphide, 640 
nitride, 101 

pentahydratad, 101 

— phoaphite, 014 

— potaasium amidoaulphonate, 648 
OoldBoheidewasBar, 6lB 
Qiuuudine hypophoaphote, 932 

— phoaphitohaxamolybdate, 919 


H 

If afhium nitride, 120 

phoBphide, 847 

Hamlinito, 733 
Hammoniaoum, 144 
llannayitd, 733 

If amihydratod mercuroua nitrite, 492 
Henametaphoaphimic acid, 720 
Heniroodite, 733 
lleptamBtaphosphimio acid, 716 
Heptaphuaphonitrilio rhloride, 724 
Hepterophraphoiic acid, 992 
Hardorite, 733 
Hexametaphosphatea, 988 
IlexametaphDHphimio add, 710 
Hexaphoaphohaptanitrilio chloride, 724 
Hexaphoaphonitrilic chloride, 724 
Hexasulphamide, 260 
Hexerohexaphoaphorio acid, 992 
Uopoite, 733 
Humidity, 6 

absolute, 9 

relative, 9 

specific, 9 

Hureaalite„733 
Hydrazine, 308 

amidoaulphonate, 041 

ammoniiim dihydrohypophoaphata^ 

933 

analytical reactiooa, 320 

anhydrous, 310 

bisdibydfophosphate, 328 

caibonate, 327 

oarboxylatedihydrazinate, 317 

oonatitution, 3^ 

dibromide, 824 

diohloride, 823 

difluoride* 823 
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RydiMiai dtfhydwa fc ypopli^^phiK Ml 
. < — - dibydcrahoMplMtot MS 
’ — * diiodide^ m 

diidtnt^ 927 

dia^te, 478 

— — diBulphate^ 385 
disylphlnio acid. 814 
diiulphurio ao»4 914 

lUtritaiodide, 324 

femfehoptamtmyltrimilpikidey 441 

— hydnte. 910 
hydiuinocarbosylate, 082 

hydmsiaDmonoaiilphonate, 083 

hydrodisulphato, 920 

hydrophoaphite. 012 

hydrogulphate, 925 

hydrosulphide, 397 

— Im Bulphuiyl hydraaidt» 606 
mflihyl alcohol, 310 

monobromide^ 334 
— ^ monochlorida, 323 

monofluorido. 323 

inoaoiodide, 324 

— - numonitiaie, 327 
monoBolphato, 926 

‘ moiiohydiate, 920 
• nitrite, 472 

nitrohydfoxylamiiuite^ 305 

phoephate, 328 

phosphite, 012 

— * prop^iea, Ghemical, 912 

— — physical, 311 

ralta, 322 ( 

— mlphaiiiide, 660 
sulphate, 926 

— « sulphide, 925 

sulphonio acid, 914 

sulphuiyl hydrazide, 666 

tribydrohjrpophosphate, 088 

zinc, 315 

a-Hydrazino-^-aminoethane, 071 
HydraunocarboxyUo acid, 688 
Hydrazinodisulphonic acid, 682 
Hydrazinoinonosulpboaia acid, 683 
Hydrazinosulphonio acid, 689 
Hydrazoates, 344 
Hydrazobenzena, 308 
Hydcazoic acid, 328, 320, 330 

anal^ksal reaetiona, 942 

— constitution, 341 

physical, 334 

properties, chemical, 855 

Hydfaaonium, 335 

salts, 322 

sulp^te, 825, 326 

HydrocLloroimidotrithiophosphoiis acid, 
727 

Hydfootonitritotriplatinoua acid, 514 
Hydrofluophosphofoua acid, 007 
Hydrogen anude, 229 
ainidoi(ie,^22 9^ ^ 

aside, slo 

oarbophoaphide, 847 

.. — in air. 10 

diphosphida, 802, 810 

ditritaphoepbidSb 803 

— ferroheptanitrosylsulphids, 440 
hemfemieaphoaphide, 802, 638 
hemipeiitaidioiphidsb 808, 639 


ana 

neniipnoipiBi^, eUi^, oaa 

^ hydrosytetnphosphidd, 899 

hydrtodide, 999 

— ^ in air, 10 

phoqphida, liqiiid, 688 

— solid, 980 

— yellow, 8M 

triphosphide, 808 

tritaphosphide, 808 

Hydrohesanitritoiridio aeid, 514 
Uydronitrie acid, 330, 841 
Hsrdnmitriloinonosulphonio acid, 660 
Hydronitroua acid, 330 
Hydropneumatlo lamps, 1058 
Hydtosideruro, 853 
Hydrotetranitritoplatiiioiia acid, 514 
Hydrotriadibcamobisnmthphosphomnm 
bromide, 852 
Hjrdroxamio acids, 206 
Hydroximinic acid, 306 
Hydroxyaminodisulphonio acid, 672 
Hydroxylamic acids, 206 
Hydroxylamins, 279, 280 

amidosulphonate, 041 

ammonium phosphite, 012 

bromide, 301 

carbonate, 303 

chloride, 300 

chlorohydrate, 300 

constitution, 205 

dihydrohypopliOBphaie, 092 

dihydrophoBphate, 903 

ditritaiodide, 902 

f erroheptaiiiirosyliriBttlphide^ 442 

hemibromide, 901 

hemiohloride, 901 

herniiodide, M2 

hydrochloride, 300 

hydromomunidopbosphaie, 705 

hydrophosphite, 012 

hydrosnlplmte, 303 

hypophospfaite, 880 

- — iodide, 301 

isolation, 884 

nitrate, 303 

nitrite, 472 

orthophosphate, 908 

phosphite, 912 

potassium hypophosphite, 888 

properties, chemical, 286 

ph3rsical, 284 
•alts, 300 

pieparatioii, 280 

sulpliate, 302 

tritaiodide, 302 

Hydroxylamine-a^-disulphonio acid, 675 
Hydroxykmitei, 201 
Hydroxynitrilodiaul|^onio acid, 672 
Hydroxynitiilo*iso«aiBulphoBat^ 679 
Hydroxynitriki-iao-disulphonic acid, 678 
Hydroxynitrilo-iso-monosttlplionie acid, 670 
Hydro^^mitrilomonoSulphoma acid, 670 
Hydroxynitrosylsulphonic acid, 602 
Hsrpoasoic acid, 340 
Hypochloronitric acid, 618 
Hyponitrites, 407, 410 
Hyponitritoaulphates, 687, 666 
Hyponitiitosulphuric acid, 687, 669 
Hyponitrosylio add^ 407 
Hyponitrous add, W, 406 
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mpmOtOKiM 
407 

— - uilijrari^ %H 

0Uinrid0,48S 

» oxide. 3B2, SM 
Hypophoiphelee, iSl 
Hypophotpbitei, 878 
BypophoipIkDrio eoid, 924 

dihydmte, 928, 980 

monoh^iBte, 928. 980 

aaliTdride, 928 
Hypophoepharone eeid, B70 
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tna pho^Mdoi, 9i8 
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* totmtrit 


857 


857 


totriUiititridk 188 

tetYitdphoepUde, 885 

tkMbypopboophttte, 1064 

— ^ triwiiaoaiphotphate, 712 
tritAdinitr^ lH 

tiMapboepbide, 680 

britetritaidiasphide, 886 

tnnnten phospliidfl^ 850 

Islaad'e nimeoe, 876 
Iioclue, 733 

iBO-monooulplioKiiD aoid, 679 


Ignii fetuufl, 803 
ImidM, 224, 262, 829 
Imidodiphosphocie aeid, 772 
littidodiBulptaonAtfl^ 647 
ImidomonMulphurio aoid, 647 
ImidonitroiM iaid, 269 
tmidophoiphorio acid, 708 
Imidopyrophosphoric acid, 712, 718 
Imidosulphamide, 604 
ImidosulphateB, 647 
ImidoralphiniD acid, 645 
ImidoBulphinitest 646 
Imidosulphoiiate^ 647 
ImidoBulphomo acid, 047 
ImldosulphurouB acid, 648 
ImidotrithiophoBphoiic acid, 727 
Indium niinde, 114 
nitrite, 496 

trihydmxj^etnuiitritoplafiiiite, 521 

Induction, electrolytio, 885 
Inflammable match-boxee, 1059 
InstantaneouB light boxes, 1069 
lodamide, 605 

Iodine dinitroayl tetitnide, 621 
in air, 11 

— nitrate, 021 
lodDazide, 337 
lododiammine, 610 
lodohemipentammine, 610 
lodomonammine, 610 

Indio barium chloronitrite, 514 

potauinin chloronitrite, 614 

•hezanitrite, 614 
• sodium chloronitrite, 514 
> hexanitrite, 614 
Iridium hemiphosphidfl, 661 

phosphide, 861 

phosphohexabromide, 1033, 1036 

triphoBphododaoabromide, 1033 

•— triphoephododeoachloride, 1007, 1016 

— triphosphopentadeoaohloride, 1007 
Iron dipentitaphoBphidc, 866 

ditritafdioaphide, 667 

glanoe, 660 

heminitride. 183 

hemjphosfjhide, 866 

hemitriphosphide, 867 

hexitaphosphide, 866 

hypophoBpWe, 939 

lUi potassium nitrite, 601 

moDophoipliide, 857 

— oiiaker phosphide, 860 
pentiMUaiti^ 188 


8 

Jack-o^lantemi, 608 


K 

Kakoxene, 783 
Komgwasser, 618 

Kow&ky and Mosoieky'i furnace, 375 
Kraurite, 733 * 


L 

Lanthanum dodooanitritotriplatinite, 521 

hexaiodohexanitritotriplatinito, 523 

h 3 rdroaaide, 362 

nitride, 116 

Lapis bonimienBia, 729 
Laxmannite, 738 
Lazulite, 733 

lioad amidoBulphonate^ 044 

amidothioimidoBulphonaie, 636 

ammonium cobalt nitrite, 506 

copper nitrite, 498 

hydroxynitrilodieulphonate, 678 

imidochromate, 260 

imidomolybdate, 267 

nickel nitrite, 612 

nitrilotrisulphonate, 669 
- aside, 353 

cBPsium copper hezanitrite, 500 

chamber Metals, 696 

cobalt duiitrosyldecammiiiotetrani 

tratonibrate, 443 

cobaltic dodeponitrito, 506 

dihydrodiphOBphite, 918 

dihydropyrophosphiie, 922 

dihydroxydiiodDainibritoplatioita, 528 

dinitratophosphite, 917 

ditiitritodinibrate, 496 

dioxydinibrite, 408 

dioxydiphosphite, 918 

diozynitrite, 497 

diphosphide, 849 

dithioimids, 265 

hcnicobioxydociiBinitrite, 468 

heptoxyhezanitrite, 497 

hexanitritodinitrate, 498 

liydraaine aulphu^l hydraiide, 666 

hydraainodisnlphinato, 682 

hydroimidodieulphonate, 859 
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Litd hydR»ionatni^^ 70Q 

hydioxyidinbdjtu^^^ 978 

byditttjridtrilQtriiiii^u 681 

byponitriK 616 
hypoi^hOBiaiftte, 888 

— bypc^hoepbitv, 886 

- hypo|iboflphitdn61ybdito^ 

imide, 266 

inudoiulphoiuitQ^ 668 

MMloiimdounide, 265 

— iron potBwiuzD nilrite, 501 

inonaiiiidodiphcisphat^ 170 

inoiiBiiiidoDho6^ate» 706 

nonothiopnoaphate, 1068 

pitratohypophoaphite, 887 

nitride, 122 

nitrilodithiophosphate, 727 

— nitrite^ 497 

nitrohydrozylomiziate, 806 

nitroBylaulphonate, 696 

ozydinitrite, 498 

ozydiphoaphite, 918 
o^^pentenitrita, 498 

— pentahvdrozyimidiidiaulphoiiaio, 659 
pentapnoaphidB, 849 

— ^ phoapnide, 849 

phoephitep 917 

- — potaaaimidep 265 

— — potaasium ooballic nitrite, 605 
copper hezanitrite, 498 

• hoptonitrite, 498 

— hydrozynitrilodiaulphooetep 878 

nickel nitrite, 512 

• nitrilotriaulphonate, 660 

' octonitritoMranitrate, 498 

tetFanitrite, 498 

rubidium colialt nitrite, 606 

Bodium hydrozynitrilomilplionate, 878 

zinc iodoazidB, 337 

aulphunide, 662 

tetrabrorooiihoBpliite, 917 

tetranitritodiamminocobaltiate, 510 

totianitritoplatinite, 521 

thalloua nickel nitrite, 612 

nitrite, 600 

thiohydrophoBphite, 1063 

thiohypophoapbate, 1064 

thiopJioaphate, 10G3 

— thiopyrophoaphate, 1070 
triamidodiphoapliate, 712 

trihydrozyunidodiaulphonate, 659 

triozydimtrite, 497 

trithiophoaphate, 1067 

trithiopyrophosphate, 1070 

Libethenite, 733 
Light ayrin^p 1068 
Lithammonium, 246 
Litheophorua, 720 
litheoaphorua, 729 
Lithium amide, 253 

— amidochiomate, 260 

— amidoBulphonate, 641 

- ammine, 244 

ammonium pentametaphoaphate, 988 

— azide, 845 

— — hydrate, 346 

— azoditfaioearbonate, 338 
— ^ cobaltie hesaiutrite, 604 

diliydxDhypoplioaphate^ 838 


lithium dfliydnmbcMuUte^ 618, 811 
— ^ diiodomiiititeplat£dt«b 822 

dithiophoaphafia^ 1068 

feriolieptaidtioBylldau]{dii^ 441 

hydfoph^ta» 812 

hj^phoapnate, 933 

— ^ hypopho^diite, 880 

nitride, 98 

nitrite, 474 

— hamihydrate, 474 

monohydrate, 474 

mercuric liezanitrite, 495 

trinitrite, 495 

- monamidophoaphate, 705 

phoaphida, 834 

phoaphitododecamolybdate, 918 

ailver nitrite, 484 

^ aulphamidate, 662 

totianitritoplatinite, 519 

tritamide, 258 

tntammonium, 269 

(di)Lithium imidoaulphonate, 650 
Lucifer matches, 1069 
Ludlamite, 733 
Liineburgite, 733 
Lumen Donitana, 730 


M 

Magnca luimnaris, 729 
Magneaioua azide, 350 
Magneaium amide, 260 

amidochroinate, 266 

amidoaulphonato, 643 

ammonium dithiophoaphate, 1068 

ammonium monDthiopboapliate, 1069 

azide, 360 

cobaltie hexonitrite, 504 

diamidodiphoaphate, 711 

diamminopotaBaamide, 260 

- - diamminoMdamida, 260 

dihydrodiphoaphite, 916 

dihydrDh;mphoephBto, 988 

dibydrozybiaplioaphoryltric h 1 o r i d 

1026 

diiododinitriloplatinile, 623 

dithiophoaphate, 1008 

— - feiToheptanitroByltriaulphide, 442 
hezammine, 240 

hyponitritfl^ 414 

hypophoaphate, 937 

tetrahydrato, 938 

hypophoaphite, 886 

imidraphoBphate, 713 

mercuric imidodiaulphonate, 658 

monothiDphoaphate, 1060 

nitride, 104 

nitrite, 489 

— * ozybiaphoaphoiyltrichloride, 1026 

ozypyrophoaphotrlohloride, 1028 

ozytmplioaphovyltriohloriclii^ 1026 

phoapbide, 842 

phoaphlte, 916 

potanaium nitrile^ 489 

ailver nitrite, 489 

aodium tetiadecametapboaphata^ 990 

— - tetranitritoplatinHe, 6te 
triamidodipfaoapbate^ 712 
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lUflHduitttHtiiioidMipiul^ 1067 
MMimnwwrwnMp, 672 

diiodoaiidriltopkl^ito^ 523 

di^ienfcHaiAonuiidBt 358 
»- dJphoiphide, 853 
(JitHtophoiphide, B53 
lieptitodinitiida, 180 
hjiNliioiyaside, 364 
hypooitritep 417 
hypophosphato, 939 
hypophoBphit©, 889 

— monamidodiphosphate, 710 
tnanophoflpmdep 853 

— ' monothiojdioBp^to, 1060 

tuiroayl enlonde, 617 

— - oxypj^phosphorylchloride, 1028 
— oz^ruphofll^oryltrirliloride, 1020 

pentitadinitrida, 130 

potasaittiii diamminoaixiido, 272 
*— — - m'tiDBylcyanido, 427 

— — — tetnhyd^ihypopliOBpliatOp 939 
aodiunx phoapiiite, 010 

— totranitritoplatinite, 521 

— tliiophospliate, 1006 

— tritadixiitridop 131 

— tritaphoAphido, H53 
Manganoufl riitrito, 500 
—— phosphite, 019 
Mariinitei 733 
Matches, 1058 

chemical, 1069 

chlorate, 1059 

— lueifer, 1060 

oxymunate, 1069 

safety, 1060 

Mephitic air, 15, 40 

Mercurammonium poiaBsium hydroxysul- 
phonate, 643 

Mercurio amidosulphonato, 643 

ammonium imidodisulphonate, 657 

• azide, 351 

— ^ barium hoptHiiiiuio, 405 
imidudisulphonate, 658 

— pentahydrate, 058 

calcium hcptamtrite, 495 

imidoclilorosulphonate, 658 

« — imidusulphonatc, 658 

— imidototiaoxyBulphonato, 657 

diamidodiphosphate, 711 

diiododiiiitntoplatmite, 623 

dioxyduunidorhromate, 2G6 

— dipotassium imidodisulphonate, 658 

disodiuiu imidodioxysulplionate, 667 

imidodisulphonate, 657 

imidox^^lphonate, 657 

hydroimidodiDxysulphoDate, 056 
• hydroxynitrite, 494 

— hyponitiite, 416 
inudoBulphonato, 650 

— — lithium hexanitrite, 495 

— — trinitrite, 495 

—— magnesium tmidodiaulphonate, 658 
— - menuriimidonitrite, 495 

— — homihydrate, 406 
— monohydrat^ 496 

nltramidate, 209 

nitride, 107 

— - nitrite, 498 
* nitvoqrl oUoride, 617 


Usremle oxyaimidiesulpliona^ 643 
— peatoxytrihypoDltiiteb 410 

phoeidmie,iM 

phosphohexadeoachtotide, 1017 
— potoiMim amidoBuIplmn^, 643 

— ^ oobalt nitrite, 605 

— — — oopjper ootochlofotetmnitrfte,495 

hycuoamidoBulpboiiate^ 644 

niohri nitrite, 613 

peutanitrite, 494 

— — tetranitrite, 494 

tiinitrite, 494 

sodium amidoaulphonate, 044 

heptanitrite, 494 

tetranitrite, 495 

strontium heptanitrilo, 495 

imidodisulphonate, 058 

thallium nickel nitrite, 612 

thiodiimido, 201 

ihioliypophosphate, 1004 

thiophoaphato, 1006 

— ~ thiophosphile, 1062 

thiopyrophosphate, 1070 

trioxyhyiionikrlte, 416 

trithiophospliate, 10b7 

Mnrrurasio hydroxyditriten, 404 

imidoxysulplionate, 65B 

mtrite, 493 

Mercurous amidooisonale, 261 

amidosulphonato, 643 

azide, 351 

cobaltic hoxanitnte, 505 

dithinplioBphate, 1068 

homihydrated nitiito, 402 

hypomtnte, 414 

liypophobphitotiingstBte, 8S8 

imidoBulplionatc, b56 

monothiopliiisphate, lOUO 

mtrite, 401, 492 

homihydratod, 192 

oxyduoilonitritopldtinite, 523 

oxyimidoBulphonato, 655 

oxytetramtntoplatinite, 520 

— - phosphide, 844 

pliOBphitotungstat s, 910 

tetramtritodiaimniiiocobaltiate, 610 

— thiophosplute, 1062 
thinpyrophosphato, 1070 

Mercury amide, 261 

amidochromato, 266 

arnmine, 210 

bromophosphide, 818 

chlorophosphide, 818 

hydroimidoBulphonate, 660 

hyiiophoBplute, 885, 938 

inudo, 261 

iodophosphido, 818 

— nitratohypophusphito, 886 

nitratoidtoBphide, 818 

oxyphoBphide, B4D 

phosphite, 917 

Bubazido, 35 

Bulphamido, 662 

tetratritaphosphide, 844 

iriaimdodiphosphate, 712 

Mesodiphosphoric acid, 948 
Messehte, 733 
Motadiphosphoric acid, 948 
Metahypophosphoric aoid, 928 
Metal amminee, 243 



lOM 

Metal ammonlaa, 24ft 
MetaidioapliiiDio aeidi 716 
MetBjkhoipliorie acid, 64ft, 977 
bydwtioii, 979 

— propeftiea, chettical, 981 

phyiinal, 978 

MeUplioi}]lioroua «dd, 921 
Metapboaphoryl chloride, 1019, 1028 
Bf etoeulfaniidiqQe, acide, 670 
HetasulfaKilique, acide, 670 
Methyl amidoaulphonate, 641 
— ^ hypophoaphate, 932 
*— Bulphimid^ 664 
(di)Methyl aalphaniide, 663 
— ~ aulphinate, 634 
Methylene nitratobiemuthate, 278 
Miorocoooeus nitriileaiiB, 357 
Mioio^oiigaiURina in air, 2 
Mmervite, 733 
Moiature in air, 9 

Molybdenum axnidod^tafiaimide, 267 

amidodiaodimide, 267 

decamminotriamidotrichloride, 267 

— diphoaphototradpcaohloride, 1017 

— imidonitride, 267 
— -nitride^ 126 

osyliyiMphoephite, 887 

— pontitaietranitride, 129 

pentitatrinitride, 129 

— ^ phosphide, 850 

phoaphodecachloride, 1017 

phoaphorylhexachloride, 1026 

triamidotrirhloride, 267 
irunnminDtriozide, 267 
tritadinitride, 129 
Molybdoaio hypopho^hite, R88 
Molybdyl decamminotriamidotrichloride, 
267 

— diamide, 267 

pentamide, 267 

triimide, 267 

Monamidodiphoaphnric arida, 710, 712 
Monamidophosphoric arid, 705 
Monaaite, 733 
Monetite, 733 

Monifnidotetnunidotetraphosphoric acid 
716 

Monoothyl phpaphate, 006 
Monofluo-orihophoaphoric acid, 998 
Monometaphoaphatea, 981, 084 

— ■ 986 

986 

Monophoaphamide, 709 
Monosulphammonir add, 667 
Monothio-orthophosphorio arid, 1068 
Mcmothiophoapboric acid, 1062 
MonothiophoBphoTouB acid, 1062 


N 

Natrophyllite, 733 
Keodymium nitride, 116 
KewMiyite, 733 
Nickel amide, 273 
— amminohypophoephite^ 890 
— ammonium azide, 366 

— barium nitrite, 611 

— — — oadmhim nitrite, 512 
■— caloiom nitrite, 611 
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Kiokel amflaonftiM leed nitrite, 618 
nitritobiamutliitei 618 

phoaphite, 920 

^etrontium nitrite, 611 

azide^ 366 

barium tetianitiite, 611 

DflDBium barhim nitrite, 512 

nitritobiemuthite^ 613 

diamidodiphoephate, 711 

diiododinitritoplatjiute, 623 

dinitroayl, 436 

dipentitaphoapiude, 869 

ditritaphoaphide, 8W 

hemiplioaphide, 860 

bemitriphoBphide, 860 

hoxamnunopotasaainide, 273 

hezapotaaiium eotohydrotetrahypo> 

phoBphate, 040 

hydrazmotriaquoBulphate, 326 

hydroxyazide, 366 

hyponitrite, 417 

bypophoaphate, 939 

hypophoBphite, 890 

iron phoephide, 860 

monamidodiphoaphate, 710 

monotbiopheaphate, 1069 

nitride, J37 

oxalato dinit lit odeoamminocobnltiate, 

610 

oxynitrite, 611 

phoapbitu, 920 

jtotaaaium azide, 855 

— barium nitrite, 611 

• cadmium nitrite, 612 

- oalrium nitrite, 612 

- rarouB nitnte, 512 

cobalt nitrite, 612 

hexanitnto, 611 

— hypopiinsphate, 940 

lead nitrite, 512 

meicurio nitrite, 61 2 

nitritobiamuthite, 612 

phosphite, 920 

strontium nitrite, 612 

zinc nitrite, 612 

rubidium nitriiobiamuthite, 613 

Bodiiun diliypophoapliato, 040 

nitrite, 611 

— phosphite, 920 

totiadecametaphoaphate, 090 

tetramininodini trite, 611 

totraiiitritohexamminooobaltiate, 610 

tetronitntoplatinite, 621 

thallium cadmium nitrite, 512 

cerouB nitrite, 512 

cobalt nitrite, 512 

mercuric nitrite, 512 

uranyl nitrite, 612 

thalloua le^ nitrite, 512 

nitrite, 612 

nitritobiamuihitei 613 

Ihiohypophoephate, 1064 

thiophoaphate, 1066 

— - thiophoapbite, 1062 

tliiopyrophofiphaie, 1070 

tritranitride, 137 

— tritaphoaphide, 859 
Nickeloiifl dinydrozybromophoepboryltii* 

chloride, 1026 

— nitrite, 611 
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KioUmn. Sa otiitmlmm NiCrom duoovoiy, 41^ 

NitfamMUlMp 209 Si^faidhi, 629 

KitMmiile, 269, 882 eleottonio rtniototie, 96 


Nifemtoimtisiilphurio acid, 672, 691 
(di)Kitmtoflulphato-ooianilpharia acid, 691 
NitfttoBulphurie acid, 601 
Nitiio wd(C 656. 656 

— action on metab, 689 

•«- — — by oxidation, ammonia, 207 
rompoaition, 668 

— fummg, 668 

— hydratoi, 668 

— — ~ monohydrate, 666 

— nitroxyl, 664 

— phlogutioated, 464 

pfopaTation, 658 

propcrtiea, ehemioa], 682 

pl^yaiea]^ 506 

anhydride, 661 

oxide, 417, 418 

hydrate, 306 
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blue allotrope, 626 

totroxido, 382, 620, 630 

trihydrozinide, 339 

triuxide, 449 

valency, 89 

Nitrogbne, 46 

Nitrohydmhlorio acid, 618 
Nitrqhydroxylamio acid, 382 
Nitroh^'droxylaminio acid, 306 
Nitro-iron, 645 
Nitromuriatic acid, 618 
Nitro-nickel, 646 
Nitronium h 3 rdroBnlphate, 667 
oxyperohlorate, 667 

— perohlorste, 667 

pyroBulphate, 667. 703 
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ienie hyi&c^on£tte, 920 

— ferrodinitnMybil^ 442 
farroh^^riaiiitmyliiilphid^ 440 

lennniti^lthimlphate, 442 

m\d amidoBulphonate, 642 

heniipentaphoaphide, 836 

hnptahydr^ldioqphite, 914 

hmcamidoBtajiiHite, 266 

hezaiutritobismuthite, 499 

hydnudnodlBulphanate, 682 

hydraaiiiomoiioaiilplionate, 682 

l^ditKddointetraniUitoplatiDite, 621 

hydrobypophosphata, 935 

hydromonamidophoaphate, 706 

hsrdrotetramidophDsphate, 716 

hydrozylaminohypopboephite, 882 

liydroxylamineisomealphonate, 674 

hydrozynitfiJodieulphnnate, 675 

hydroxynitrilomonosulphonate, 671 

hydro^peTOzylamidoBulphonate, 686 

hyponitrite, 411 

hyponitntoeulphate, 688 

hypophoBphate, 936 

- — hypophoapliite, 882 
hypophoBphitomolybdate, 888 

— hypopboapbitotungstate, 888 
imidomolyLidate, 207 

— ~ imidomonoBulphonate, 647 

— imidoflulphinite, 646 
iridic chforonitrite, 614 

hezanitrite, 614 

— iron leBkd nitrite, 601 

— • lead eobaltic nitrite, 606, 606 
— heptanitrite, 498 

hydrozynitrilodiBulphonate, 678 

nickel nitrite, 612 

nitrilotrieulphoDato, 009 

ootonitritotetninitrate, 498 

tetranitrite, 498 

— magnesium nitrosyloyonide, 427 

- nitrite, 489 

manganese diamminoamide, 272 

tetrahydrodihypophoaphate, 939 

mercuiammonium hy drozyaidphonato, 

643 

mercuric amidosulphonate, 043 

cobalt nitiite, 606 

— hydroamidosulphonate, 644 

nickel nitrite, 612 

pontanitrite, 494 

tetranitrite, 494 

trinitiite, 494 

metaaulfaaato, 676 

meteaulphazilate, 680 

monamidodiphoephate, 710 

monaxnidophoaphate, 706 


— monothiophoephate, 1066 
nickel taim, 366 

— cadmium nitiite, 612 

hezanitrite, 611 

hmphoBphate, 940 

_ nitritmamuthite, 612 

— - - 1 — phosphite, 920 

nitratosulphate, 692 

nitrilodiphosph^, 714 

nitrilodithioj^oiphate, 727 

nitrilomolybdate, 207 
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— niteuia, 69 

aitrito, 473 

— hamibydnitedt 474 
sitiiioplatjiiite» 316 

— - nltrod&hTomatep 646 

nUnohydroz^rlBiniiiate, 305 

— nitrcnyldichRiniBjtQ, 546 
nitro^ldiBulphonAie, 684 

tutroayUiuljdionate, 699 

— oxalatodinitritoplatinatB, 514 
- — oximiiioaolphonatop 675 

osydihydrophoaphide. 833 

oxyhexoiiit^opiatmite, 616 

oxyhydrotetraj^ospludfi, 833 

— oxyoctonitritotriplatinitep 614 

— ozyaulfazotiaate, 686 

• palladifi hexanitntB, R14 
palladous iodonitrito, 514 

— oxalatoriitrite, 514 

— — — tetranitritap 514 

pontachloronitritoplatiiiatep 524 

penta)iydrohypoplioa(>haio, 035 

pentaiodonitritoplat inato, 524 

. — pontaphoBphidn, 83 !• 

• — ^ pemitmtep 384 

f)aroxylamido8iilplionatCp 685 
1»efOxy]amino8ulpJioiiate, 68.1 

phoBphamide, 834 

phosphide, 834 

pliOBfihine, 834 

— - phosphite, 013 

plioBphdohexamolybrlatD, 918 

pliosphitopontamohliLlatLS 018 

piioBphiiotungBtate, 919 

^ potaBsainidoBTilphoiiato, 612 
hydrate, 642 

— rhodium chloTonilrite, 613 
hexanitrite, 513 

ruthenium dihydroheptanitrite, 613 

hexanitrite, 613 

nxydodecani trite, 613 

pontanitrlto, 513 

silver amide, 259 

amidoBulphonato, 642 

hypnnitnioBulphite, 600 

— nitnte, 484 

sodium (linitraUjimidodiaulp h o n a t ej 

663 

— hydroxynitrLIodiauIphonatei 677 

hypDphosphate, 036 

Btannic amide, 265 

Btannoua amide. 265 

Btronlium cobali nitiito, 605 

hydrozynitrilodiBiilidionate, 877 

— - — — imidodiBulplionate, 654 

— mVkel nitnte, 512 

nitrile, 488, 501 

— ^ Bulfazidate, 071 

aulfazilaio, 686 

Bulfazinate, 676 

aulfaaibe, 676 

Buliazotate, 676 

Bulphamidate, 662 

BulphatophoBphato, 1071 

— Bulphasite, 680 

Bulphasotate, 673, 674 

aulphimido, 663 

— Bulphimidodiamide, 665 

tetiabxomodinitritoplatiiiate^ 524 
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PotaaiicDtti tefariedodinrtritoplatto^ 524 
teiramidocadmiatet 261 

tetramidoBidphonatajplatinito^ 645 

totromidoBincate^ 260 

— tetnmitritodiainminooobattiate, 509 
— ^ tetyranitritoplatinite, 514 
letroaulphaminoiiiate, 668 
— thiophOBphate, 1065 
' iraDi-dibromodiamidoaulphoiiatoplatlB 
Hite, 644 

traziB-diohlorodiamidoBulphpnatoplati- 

nite, 645 

tFunB-duododiamidoBulplionatodiplatt- 

nite, 646 

iriamidocaloiate, 260 

triamidoouprite, 269 

— triamidodiphoBphate, 713 

— tTiamidoliiliiaie, 258 

triamidoplumbite, 2G5 

triamidoBodiato, 258 

triamidoBtrontiate, 200 

triamidotliallito, 262 

triamminophoBphide, 834 

triaBomonoaulphonate, 684 

— tribromotriDitntoplatinate, 524 

trichlorotrinitritoplalinate, 621 

trihydrohyi^phoBphate, 036 

tritaphosphido, 834 

unuiyl phosphite, 010 

- - zinc cobalt nitrite, 605 

imidoamidc, 261 

nickel nitrite, 512 

oetohydrotoirahypophoH p h a t e, 

938 

pentanitrite, 400 

totranitribe, 400 
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nitrilodiBulphonate, 076 
(di)Potafiaium hydroxynitrilo-iBo-disulpho- 
nato, 670 

imiduBulphonate, 652 

merouric imidodisulphonate, 658 

nit ratohy droxyiiitrilodiaiilphonate,676 

mtritohydmx>'nitriloiiiBulphonatA, 676 

silver trihydroxydiamiaophospl^te, 

704 

sodium nitritotriaulphonate, 600 

totrametaphosphimato, 718 

(ennBa)FotaBsiiim ammonium decameta^ 

M ate, 090 

^ium cobalt octohydrotetra- 
hypophoBphate, 939 

nickel ODtohydrotetrahypophuaphate, 

940 

(penta)PotasBium hydroxyliisnitrilodiaul- 
phonato, 674 

(totra)PotaBBium tetramebaphoBphiniate, 
718 

traDB - dichlorodiimidodisulpho n a t o* 

platinite, 669 

(tri)FotasBium hydroxynitrilodisulphonato, 
673 

hydroxynitrilo-iso-diBulphonate, 670 

imidoduulplionate, 661 

nitritohydroxynitrilodisulphonate, 674 

I’rasoodymium nitride, 115 

Prometliianfi, 1060 

Prozane, 329 

pBeudolibethenite, 733 

i^ridine ferroheptanitroHyltriBulphide, 442 
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bydmuiodjMi^^ 683 
PjrTomoiphite^ 788 
IPyrophom powim, 1018 
^rophotphftteBp 076 
PjrrophoeplKMliAi^ acid, 70B, 717 
^tophosphorio acid, 94^ 071 
oomtiiiutira, 078 
hydraticiil. 073 
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— - phydcttl, 072 
PjrroidiaaplionTaa add, Ml 
Pyrophoaphoiyl bromide, 1036 
-s — efaloridb, 1026 
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Badium aside, 360 

— nitride, 103 
Reddingite, 733 
Rhabdite, 660 

Rliisobium legnidnoiianim. 369 
Rhodium barium doderanitrite, 613 

phoaplude, 661 

potassium cbloronitrite, 613 

lieicanitrite, 613 

— sodium hezanitrite, 613 
Houaam's black salt, 430 
— — red salt, 440 
Rubidammoaiuiti, 247 
Rubidium amide, 263 

ammine, 247 
azide, 347 

azidodithiooarboiiate, 338 

cobaHic hezanitrite, 603 

diamidolithiate, 258 

diamidoBodiate, 266 

dihydrated tetranitritoplatinite, 61 B 

dihydiohypopboBphate, 936 

diiododidtritoplatinite, 622 

fenobeptanitrosyltrisulphide, 441 

hemipentaphoapikide, 8M 

hezanitritobiBmuthite, 499 

* — hypophoaphate, 036 

lead Cobalt nitrite, 606 

moDofluotrihy^rthopboaphate, 908 

niokel nitrUobiamtitbite, 613 

— nitride, 99 
nitrite, 478 

phosphide, 835 

silTer oobaltio haxaaitritea, 604 
tetranitritodiamminocobaltiate, 610 

tetranitritoplatinite^ 519 

triamidoBomate, 258 

Rttthenie pentaphoaphoenneadeoaehloride, 
1007 

Ruthenium pantaphoaphoennaadeoabro- 
mide, 1033, 1036 

pantaphospboenneadeoaehlorido, 1016 

potaasium dibydroheptanitrite, 618 

— hezanitrite, 613 

ozydodeoanitrite, 618 

— pentanitrite, 613 

aodium paotanitriteb 613 
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Sal ammoniae, 144 
ammoniaeum, 144 

armeniaoum, 144 

Salia nitri, 618 
Salt, Armenian, 144 
Samarium nitride, 116 
Scandium nitride, 114 
BohalaizikHe, 919 
BohOnherr's furnace, 376 
Sohroiberaite, 860 
Scott's furnace, 876 
Sel ammoniaeum, 144 
Selenium nitride, 126 
Besquiiodylamine, 606 
Bideiazote, 131 
Biderum, 853 
Silicam, 116, 264 
Siljcocyanog|en, 117 
Silicon cyanide, 115 

deoanitridohydrotriohloride, 116 

— diamidodiimide, 264 

diamidoBulphide, 264 

diearbonitrido, 116 

dibydrotriiinide, 264 

diimidc, 263 

diimidodihydroohloride, 264 

— - houiitrinitride, 116 

hexanitridodiehloridc^ 116 

imidodiamide, 204 

— imidonitrido, 264 

mouonitride, 117 

nitride, 116, 117 

nitridihydride, 263 

iiitrosyliluoride, 436 

phosphide, 847 

phoephinotetrabromide, 816 

phosphinotetracbloride, 816 

potaasioamidonitride, 264 

totraiuide, 263 

thiourea, 264 

triuarbo^tride, 115 

triimide, 264 

tritatotranitride, 117 

Silver amide, 259 

amidohozaimidoheptaphoiphate, 720 

amidosulphonate, 641 

amminonitrite, 483 

ammonium amidosaJphonate, 842 

cobaltio liezanitritefl, 604 

aside, 348 

barium nitrite, 489 

cBsium cobaltio hezanitrites, 604 

nitrite, 484 

calcium nitrite, 488 

cobalt dinitroByldecamminotetra 

nitratonitrate, 443 

oobaltic hezanitrite, 604 

ozyhexanitrite, 604 

cyanotetiazole, 339 

diamidodiphoBphate, 711 

diamidophoBi^ate, 707 

diamminonitrite, 488 

dibromotetranitritoplatinate, 624 

diimidodiamidoiettaphoaphate, 715 

— diiodonitritoplatinite, 622 
— » dinitritohyponitrite, 488 

!■ diphoephk^ 640 

dipotamhim cobaltk faezaiiRrit^ 604 
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diaodUuttx id^disulphoiuiie, 658 
diWijpliaii|itA 1066 
— ^ falmiMbing 101 

840 

1iemiphoi^uiida» 640 
hmmet^^osphttfce, 089 

hydMzinfl^Ulphiiiate, 6B2 

hydiwmomcmoRulphonate, 683 
*— hydiomoiiftiQidophoflphate, 706 

hyponitrite^ 412 

hjrpophoaphiitet 986 

> hypophoaphite, 683 
— ^ hypophoBphitotimgBtate, 688 

iiiiul6,25e 

— - unidodiaEuide, 66S 

— lithium nitrite, 484 

magnosium nitrite, 469 

monamidodiphoephate, 710 

moiiatDidophoBt)hato, 706 

— - monophoepbide, 840 

monoiliiophoBphato, 1069 

nitratophosphide, 810 

nitride, 101 

— nitrilodiphosphate, 714 

— nitrite, 400 

a., 481 

481 

nitriioaulphamide, B60 

nitrohydroxylaminate, 305 

nitroayl, 412 

— pallaclouB totranitritoi 514 
pomitraie, 384 

pboBpliidR, 640 

— potBssiiim amide, 250 

ainiilDhulpbonato, 642 

hyiJonitntoHiilphate, 600 

— — nitrite, 484 

— phospliile, 914 

rubidium cobalt ic hoxanitriteB, 504 

sodium nitrite, 484 

Btroiitiuin nitrile, 488 

— Bulpliamide, 662 
sulphimido, 664 

tetraniiritodiaiuminocobaltiate, 510 

thallium cobaltio hexanitrites, 504 

thioh>priphuRX)hn,te, 10H3 

thioplioftpliate, 1065 

thinphoAphito, 1062 

thiopyrophosplmt^c, 1070 

thiopyropliosphilo, 1063 

triaiiudodipfaiwplmto, 712 

triamminonitrite, 483 

— triimidotetraphoBpliate, 715 

triiDBtaphoaphimate, 717 

— ^ trinitratopbosphide, 817 
tritbiophoapliate, 1007 

— - ainc iodoazide, 337 
(di)Silver pot^aasium tribydroxycbamido- 
phosiihate, 704 

— sodium imidodisulphonate, 653 
(hepta)BilvertetrB 8 ulphuiyltriiniidodiamid 0 , 

666 

(hexa)Silvor tetraBulpbuiyltrimidodlamide, 
666 

— trimetapho^himate, 717 
(octo)6ilver tetrametaphonphimate, 718 
(peiita)8ilver diapimonium totraiulphuiyb 

tiiimidodiainide^ 666 
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(peixta)sam tiihydtmcydiainldoiAcw^ 

705 

(tetra)SilvBr hydiotfihydtoxydiamidqd^ 
phate, 704 

iimdodif^osfdiate, 713 

tetrsmetapbosphimate, 718 

— ^ tribydroxydkmidophoephate, 705 
(| 0 i)Silver ammonium trisupbufyldiimido* 
diamide, 606 

imidodiphosphate, 713 

imidodisulphiiiite, 046 

— imidodisulphonate, 653 
triamidodipboipbate, 712 

— trihydroxydiamirlopboapbate, 704 

trimetaphOBphimate, 717 

Kilvestritp, 131 

SnollzOnder, 1059 
Sodainide, 253 
Sodammotiium, 244 
Rodii hypophoBphiB, 880 
Rodiophoephiim, 816 
Sodium aluminium amide, 202 
*" amide, 263 

amidoahiminatB, 262 

amidobBxiroidobeptaphOBphate, 716, 

720 

amidoporoxide, 255 

amidDBulphonate, 641 

amraine, 244 

amminoinenoxide, 246 

ammoniomolybdite, 267 

ammonium bismuth nitmtonitrite, 500 

hexanitrit obiBmut I lite, 600 

nitratoimidodisulplionale, 661 

pentamotaphcMBpliate, 088 

ammonoialumiuato, 262 

aquoi^tahypn))hoBphitofeTTatB, 889 

arHFinic bromoozido, 337 

— -a/ide, 315 

azidodiUiiocarlKmate, 338 

barium cobalt nitritp, 506 

— bydroxynitrilodiRulpbonate, 677 

imidedisidplionate, 656 

nitrjlntriml)dioTiate, 800 

— - - calf'iiim imidndiHLilpliouate, 664 

oarbimAtophosphate, 018 

phroinium azide, 354 

]jhuHpliiio, 918 

cobalt liypophoBphato, 039 

pliD&phite, 920 

tetradIcH'amBtnpliOBphate, 990 

cohaltii* JieKaiiiminoliypophosphate, 

030 

hoxanitrito, 603 

nxyoctonitrito, 603 

decapliobphatp, 991 

diomidopnoapbatB, 707 

diamidotrimetaphoRphiinate, 720 

dibonzoyl Rulphuryl hydrazide, 666 

dibydrohypophos^ate, 934 

diliydrophospbite, 913 

rtibydropyrophoBpbite, 922 

diiododinitritupliitinite, 622 

dinintaphospbato, 086 

dinitroRylsuIpbite, 434 

dipotoflsium cobaltic nitrite, 604 

nitrilotriieilphonate, 669 

disilver imidodiBulphonate, 663 

— dithiohydrophoBplutio, 1063 

— ditbiophosphate, 1008 
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• fatrio Iiydio|Aoq4i^"» 88 
- ferrodinitrotldoBulphata, 442 
fezxohDpteiiHtoByltrieiilplu 441 

femhoxakdtroBylthlQoarbonate, 

441 

— ^ fenoDitro^yltriiulphicle, 4i2 

beoiipeniaphoBpmjde, 835 

— ~ beptwydroiriphoBphito, DU 

— hesEamataphon^te, 988, DB9 
hydmside. 31M46 

hydraEinodiffulphonate, 683 

hydrasinomonooilphonate, 683 

hydrohyponitrile, 411 

liydrohyiwpliosphate, D34 

bydromonamidophoflphate, 704 

— kydrophospbiia, 912 

hydrotrithiophospliate, 10G7 

— * hydroxylainita, 290 

hydroxynitrUomonosulphoxiaiei G72 

hyponitnte, 411 

enncahydrate, 410 

pontaliydrate, 410 

— - hypoplimphate^ 983 

hypophosphatomolybdate, 939 

hypophoBpliatotun^tate, 939 

— hypophoBphite, 881 
hypophosphitomolybdate, 888 
hypophoBphitoiDolybditomolybdate, 

888 


— iinidp, 269 

iridic cbloronitrite, 514 

— hracanitrite, 514 

lead hjrdr<«yziltriloBulphoiiatei 478 
— — — — amo iodoazide, 337 

maKneaium tetradecametaphoaphato, 

900 

manganeae phosphito, 919 

mercuric amido^phonato, 641 

heptanitrite, 494 

tetranitrite, 495 

monamidophoaphate, 706 

moDOtluQhydrophospliite, 10G2 

monothiophoapliate, 10G8 

monothiophosphite, 1063 

nickel dihypophoapbate, 940 

nitrite, 51 1 

phosphite, 920 

tPtraiiocamctoplioBphate, 990 

nitraitoBulphates, 691 

— nitride, 98 

nitrilodithiophosphatp, 727 

nitriloBulfdionate, 608 

— nitrilotriflulphonalei 681 
nitrite, 478 

•— nitrohydroxylaininate, 305 
nitrozyltrisulphonate, 478 
— » orthophosphite, 912 

pentahydrodihypophosphate, 934 

pentametaphosphimat^ 718 

— peridiospliate, 993 

phraylamide* 267 

— ^ phosphamide, 834 
phosphide, 834 

phpqpdiitododeeamolybdatei 919 

— — fdiosphitohezaiDolybdate, 919 

fdiosphitdhexatoiigitate, 919 

— - fdkCMjddtotunjpdate, 910 
phos^ocyamde, 835 


Sodium potasaiiuii dlattmtoboklodb^^ 
uat^ 663 

— hydraxyidtrilodlsah^^ 677 

h^phoaphata, 987 

rhodium hectanitrate, 618 

ruthenium pontanitriteb 618 

silver nitrii^ 484 

— -- staimous amide, 866 
— • strontium hydroxynltrilodiaulphonalu^ 
677 

imidodisylphoiiato, 654 

sulphamidate, 602 
— - aulphatoamidmiiilphonate, 641 
Bulphar^klinate, 673 

— Bulphimide, 664 

totmmidOBulj^onatoplatinite, 646 

teiranitiatodinitrosohydracinooobal t- 

iate, 510 

tetranitritoplatinite, 619 

tetraphosphate, 991 

thiophoBphate, 1064 

octohydrate, 1064 

— triamminotriphospliido, 834 

trlazoiuonosulphonato, 684 

tnhydrodihypophosphate, 934 

trihydrohypophoBphate, 935 

triimidc, 316 

— triimidototrapliosphate, 715 

triphoapliirle, 834 

triUphnsphide, 835 

tritluophosphate, 1067 

uranyl dihypophosphite, 889 

pentohydrate, 889 

phosphite, 919 

Einc bromoaKide, 337 

chloroaside, 337 

iodoasido, 337 

nitratoohloroaeide, 837 

(di) Sodium hydroxynitrilodisulphonate, 076 

hy^x^trilo-iso-diBulphonate, 679 

imidosulphonata, 860 

iraidotrithiophoApliate, 727 

mercuric imidodiozysulphonate, 657 

■ imidodisulphonate, 657 

imidoxysulphonate, 667 

nitrite, 478 

nitntohydroxynitrilodiaulpbonate, 677 

silver imidoiiiaulplionate, 653 

(octo)Bc»dium decaf^taBsiiim ohloroby- 
droxynitrilodiBulphonato, 676 

hydroxytrisnitrilodiBulphonate, 676 

(pontajSodium ammonium imidosulphonate, 
050 

hemipentabydrate, 650 

hept^ydrate, 650 

diimidotriphosphate, 716 

hydroxyburntnlodhrulpbonate, 676 

(tri)Soflimn diimidotriphospoate, 714 

bydroxynitrilodisulphonate, 076 

679 

imidodiraliSi^te, 649 

imidotritliiophoaphate, 727 

tiimetfmhoaphimate, 717 
Bpfaaerite, 733 
Spirit of nitre, 557 
BpirituB aoidiis nitri, 556 

nitri, 655 

fumans Qiauberi, 556 
sylvestiriB, 417 
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— - pimpU^ 6l7 

pb4iidM»7]lieM^ 1026 

— ^ photjphorylhvpUM)^ 1026 

— — potMiluu 266 

telifuaaininopotaM 265 

thidhypophoipluite, 1064 

thiopiioiph»te, 1065 

Btaamnii phoiphite^ 217 

— photiriiofylhfliitaolilond^ 1026 
potamm uaiide, 265 

— Bodiuid Mnids, 2^ 

— thialmophoaphatep 1064 

thiophoiphat^ 1065 

Steroorite, 785 
Stickstoffp 46 
Stickatoffozjbaryt, 485 
Stiokjtoffiitaiip 119 
Strontium amide, 260 
amidoedphonate, 642 

— ammonium hydroxynitrilodiaul- 

phonate, 677 

inudoaulphonate, 654 

— niokd nitrite, 611 

azide, 350 

barium nitrite, 488 

oobalfcio dodeoanitrite, 504 

ozyoctonitrite, 1^4 

copper ammonium nitrite, 488 

potaaeium nitrite, 488 

dihydrohypophoBphate, 937 

dih^nipyrophoaphite, B22 

— diiodomtntoplatmite, 523 

— dithiophoBphate, 1068 

haraminine, 248 

hydrazinoBulpbonate, 683 

hydfoimidodiBulphonate, 664 

hydroimidoBulphonate, 668 

— hyponitrite, 414 

— pentabydrate, 414 

-- — hypo^oephato, 987 

— l^^phoBphite, 884 

umde, 260 

merourio hoptanltrite, 406 

— imidocbBulphonat^ 658 

monothiophoaphate, 1069 

nitride, 102 

nitrite, 484 

— ^ nitiohydroxylaminate, 806 

pboephide, 841 

phoaphite, 916 

potassium cobalt nitrite, 605 

— — hydroxynitrilodiaulphonate, 877 
*— — — imidodiBulphonate, 654 

— nickel nitrite, 612 

— — — nitrite, 488, ^1 
silver nitrite, 488 

— sodium hydto2:ynitrilodiaulplionate, 

677 

— imidodisulphonate, 664 

— tetmnitritoplatinite, 620 
thiophosphate, 1066 

tritadiamide, 260 

trithiophoaphate, 1007 
(tri)6tnmtium imidodiaulphonate, 654 
trihirdrcayinddodiaulpboiiait^ 664 
BuUamidique, acide, 670 
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Bwltowit, iwdtb 670 
ftiUu«iqM.adib, (70 
SvIhHaliq^Mkb,e70 
8aUUk|M( Mid», 070 
SaUMMtiqm^ loida^ 070 
Siilph»min 0S7 
SulnbainidieL 6M 
Sul^aSloioidpOd? 

Sulphammonatea, 607 
Sulpbammonic a^ 067 
249 

Sulphaaitee, 684 
Bulphaaoiatea, 678 
Sulpbimide, 663 
Sulphimidodiamide, 664 
Bulphohydfuinium, 814 
Sulphonitronio acid, 692 
Sulphoaphorio acid, 224 
Sulphur Dompounda in air, 14 

diamine, 260 

hfizammine, 250 

— hezitamide, 250 

nitridea, 126,624 

triammhie, 260 

Sulphuric acid, mtivsylouB, 693 
Sulphuryl amifa 660 
chloroamide, 662 

hydraride, 666 

imidodiamido, 664 

phosphate, 1071 

tnimide, 663 

Svanbergite^ 733 


Tagilite, 734 
Tantalum dinitride, 126 

mononitride, 12B 

tritapentoxiitridc, 128 

Taviatookite, 734 
Tellurium nitride, 128 
nitrite, 498 

phoflphorylhBptaohloride, 1024 

TetradeoamelaphosphoriD add, 290 
Tetraeihylaminomum f erroheptanitrosyltii* 
sulphide, 442 

Tetrametaphoephimio add, 718 
Tetraraothylammoninm fenoheptanitroayl- 
tnaulphide, 442 

Totramuthylphosphanium chloride, 816 
Tetramidomphosphorio add, 710 
Totramidotetraphoaphorio add, 716 
TetianitritodiamminocobaltiatM, 509 
Tetrenitrozyltrinitrio add, 642 
Tetraphosphonitrilio cliloride, 723 

hydroxychloride, 723 

Tetraphoaphorio a^ 991 
Tetmaulphammonic acid, 667 
Tetrathiopbosphonc acid, 1062 
TotrazenoB, 329 
TetniEone, 329 
Thallio aiida, 362 

nitrite, 498 

ThoUium amide, 262 

amidoaulphonate, 644 

— barium cobalt nitrite, 605 
oerouB nickel nitrite, 512 
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Ibarinm 
top 


— — dlhydioroiopiioe phe ih), US 

— M a«h«K alUK m 

mmiiie utotol nitcite, 612 

— nioM (widinfain nitrite^ 612 
phoqpl^ 64^ 

— ~ BilTw oobutio hittinifcTitoe, 604 

uniiyl siokd attrite, 612 

ThaUngio uldA^ 262 
Thallous aside, 262 

biimuth nitrite^ 4D2 

— copper nitrite, 496 

— cuprinitiite, 406 

dins^dibhypopheephste^ 026 

— dincbdudtrnoidatiiute, 623 
heptanitriiobinuthite, 400 

h^robmphosphate^ 026 
— ^ hydroraCMj^te, 017 

hypophoei^te, 936 

hypophoBphite, 666 

Im nickd nitritep 612 

nitrite, 600 

nickel nitrite, 612 

nitritctdamiitbiteb 612 

— niokelonitrite, 612 

— nitride, 114 
nitrite, 496 

nitrosy] chloride, 617 

- tetrunniinopota^oBiinide, 202 

tetranitntodiamminooobaltiate, 610 

tetranitritoplatimte, 621 

— thiophoBphate^ 1065 
Thiodiiniide, 260 
Thiohypophoaphatee, 1063 
Thiometaphoaphoiyl bromide, 1078 
Thionamide, 629 
Thionylamide, 660 
Thio-orthophoaphaiteB, 1064 
nuophoaphatea, 1061 
Thiophoaphit^ 1062 
Thiopboaphorio acids, 1061 
Thiophoaphoroua acid, 1062 
Thiophoaphoryl amide, 726 

bromide^ 1076 
• hydrated, 1077 

chloride, 1074 

chlorodibromide, 1078 
diamidocUonde, 1076 
diamJdofluoride, 707, 1073 
diddoiobioiDide, 1078 

— ibioride, 1071 

— halidea, 1071 

— hydioaulpbodibroniidc^ 1070 
• nitrile, 726 

Tbiopyrophospborie acid, 1062 
ThiopyiDphoapborona add, 1062 
Tbiopyropboapboiyl bexatomide, 1077 
— — tetrabromide, 1077 
Thiotritbiaavl, 631 

— bromioe^ 632 
— — chloride, 631 

hydroBulpbate^ 631 

— iodi^, 032 
nitrate, 631 

— ~ thiooyaiiate, 632 
Ihorfaun amide, 266 


on hydxoi^rlh;m|dio^^ 8Mb 


bnide, 266 

metaaitridbs 122 
— nitmtei, 497 

nitride, 122 

phoqdiide^ 847 
phoa^iit% 817 
Tinaiida^ 262 

diphoipbide^ 840 

— ' ' ditritanhoimhide, 248 

hoittipnoiqttideb 848 

l^yponitrite, 416 

710 

nitride, 122 

nitrite, 497 

pentaphoapbide, 849 

— ^ pboBimidoa, 847 
— ~ triphoaphide, 849 

triMritaphoapbide^ 848 
Tinder box, pneumatio, 1068 
Titanic nitniiyl obloride, 617 

nitroxyUloride, 546 

Titannun bromonitride, 266 

ohloronitrida^ 265 

diimidiB^ 265 

dinitroaylbexaohloridB, 438 

— * dipboaphoiyldeoaclilorida^ 1028 

monomiridi^ IIB 

nitride, 117 

nitritea, 497 

peniitahexanitride, 118 

phosphide, 847 

phoaphinotetiaohloride, 618 

phosphite, 917 

phoBphoenneachloride, 1(»16 

potassioBmidonitride, 2<>d 

■ tetramide. 265 

tritatetranitride^ 119 * 

Titanocyanogen, 118 

ToluidiM tetranitritodi-p-toliiidinoeobalt* 
iaie, 610 
Triamide, 329 

TTianndodiphoaphorio acid, 711 
Triasane, 329 
Triaaoaoetio acid, 208 
Tnaxo-group, 829 
Triaaoio acid, 330 
Triasomonoaulpbomc acid, 684 
Triasone, 86 

Tribenahydroxylamine, 296 
Triohloroammonium cUoride, 608 
Trietlivl phoi^hatea, 960 
Trlhyiiroxydiainido^oaphotic acid, 704 


Triimide, 320 
Triimidodiphosphoric add. 711 
Triimidotetraidioiiphofrio acid, 716 
Triiodylamine, 606 
TximetapluMpliiiniQ add, 717 
Trimonoailylamine, 262 
Trinitridea, 330, 344 
Tripboapb^ti^ andda, 723 
— - brwde, 724 

— obloramide, 728 
— ^ chloride, 722 

— hydmmhloride, 722 
Triphoaphorio add, 091 
Triphyl&e, 734 
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vm 


Wfm,m 

TiUbiHUMBiiit aa 

W7 

aoid» M7 

Trtwiliihimid» 061 

Tk&nilnhoixvuoitaL 6M 

1062, 1067 
1062 

1^eiihk>pjrcmho«ph^^ aoid, 1062» 1070 

TSw$iUm uidodipotaiUDidBb 266 
— ^ diamminotrionde, 267 

dinitride, 129 

homiphoiiidiide, 860 

hendtrinmide, 129 

■ ■! «. 668 

imidoiiitrida, 267 

iron phogpfaidq, 860 

— * monophosphid^ 850 
ozTBDiidonitiide, 268 

— ozynitrida, 268 

phosphoenneachloride, 1017 

— triammiiiotrioxidfl, 268 


U 

TJltraphoBphates, 091 
XTmniujn aside, 864 

hydroh^ophcMiphite, 888 

hydrophoe^te, 918 

hypophoepnite, 888 

— - osynitride, 268 

pentitadinitride, ISO 

pentitaietnnitEide^ 180 

fdioepliite, 019 

phoephodeoaoliloxide, 1017 

tritatetranitride, 130 

Uranooircite, 784 
Uranoua phoqihite^ 010 
Uranyl amidomilphoiiate^ 644 

— anunonium phoephite, 010 
hypophoepmte, 888 

— hydrate, 888 

metapheeidiate, 880 

nitrite, 600 

nitra^khlorido, 546 
— ~ phosphite, 910 

— potassiam phosphite, 019 
— ^ sodium dihypophosphite, 889 

pentshydrato, 889 

phosi^te, 019 

— ^ thaUium nickel nitrite, 612 
(di)Utanyl ammonhun pentahypophosphite, 

889 

potaaeium pentafaypophoephite, 889 

sodium pentahypo^osphito, 889 

— — _ —i— hezahyorate, 880 


▼ 

Valenoy, anzUiaiy, 28ft 
— — chief, 284 

— primaiy, 284 
second^, 234 

— Weiner's theory, 234 


Venadimii, 126 

heaiiiutri&, 125 

■I > I- 124 

— — phosphidsk MS 
Varifoifes^lltM 
Thriaaltb, 784 


Waipiarite, 784 
WsiBereieen, 858 
WaTullite, 734 

Werner’s theory, amminee, 884 
■ I ■ — valenov. 284 
Wm-o'-tha-wispCoOB 


30 

Xenotimo, 784 


Y 

Ytterbium nitride, 116 

Yttrium dodeoanitritotfiidatinlte, 621 

hezaiodnhezanitriftotriplatinite, 628 

hydroaaide, 362 

i^te^406 


2 

ZepharoTiohite, 784 
Zinc amide, 260 

amidiNnilphonatep 648 

ammine, 249 

emminoiiitrite, 489 

ammmopotaaBamide, 261 

azide, 360 

— baaio, 360 

oobaltio (mtrinitrit^ 604 

diamidodiphoephate, 711 

diamminoaside, 860 

diiododinitritoplatiziite, 523 

diphoephide, 843 

ditritaphoephide, 842 

hezamnunopotaasamide, 261 

hydrazine^ 316 

hydrazinooarbozylata difaydrasinaftlb 

291 

— hydroazide, 850 

l^drophosphide, 843 

hydropho^jhite, 916 

hydroxyazide, 337 

hydro^lamite, 200 

hyponitrite, 414 

hy^phoepiiate, 038 

hy^phoaphite, 885 

Sodium iodoazide, 887 

monophoaphide, 843 

nitride, 106 

nitrite, 489 

monohydrate, 480 

— trihy^te, 480 

o^todinitntoh*«™m'"ooobalfti^ 

~ ozynitrite, 489 
oi^hoaphide^ 643 
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Ctafl osTvi^taMpilMM^ltriDUorfdab lOM 

^ phoipiudflb MS 

— pkoqpld^ 016 

^poArnrnaxdib^m 

-— potavnum oobilt nitrita, 60S 

— —— imidoMnildb, 261 
niokdiiiftffttapSiS 

— ^ — ooU)]iydiotoknliypoidi^^ 

088 

— — pantaiiitdta^ 490 

— — tetamniferitQt 490 
— ^ aibar iodnarida, S37 
— ^ aodnim bmiioazide, 887 

— ^ abloroaBide, 387 

— iodoasida, 837 

— --aiteloohlorowde^ 887 

tatfanttritohaptammim^ 6i0 

tatranibttoplatiiuta^ S20 


Mna ta tr i p l w aphMa^ M8 
tatfatritopboipUii^ 848 
tUohypophOipli^ 1068 
thiophoaphaSa. 106S 
—— thiopyiophoapbaifeap 1070 

tnthbphoaphatab 1067 

ZinooiM aiioo^ 300 
Zirooiiiiitti amide* 865 

— lietnitrinitrida, 130 
hydroaaida, 368 

hypoidioephata, 988 

hsrpophoaphita* 886 

nitride. 120 

nitritea. 497 

— ^ phoiphide. 847 

— phoephotridaoaahlorideb 1016 
tritBootonitrida. 180 

• tntatatimiiitride^ IJW 
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